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A KEY TO THE HARMSWORTH SELF-EDUCAT 

At the heading of each article In the Self-Educator is the number of the group to which the article belongs nnd a reference 
to this key indicates precisely the place of the article in the scheme of the book. This key, therefore, enables the student 
at any time to understand what has preceded and what is to follow any part of the work to which lie ruay happen to turn. 


Group i. 

Agriculture. Beekeeping. Gardening. 

£ arming. In all its Branches. Daubing. Poultry. 

KKKKkpi.no. A Practical iuul (Jonimemul Course. 

OA.a»it.Mvo. II ow to Oct the Most outof a M iuimum of Land. Gajden- . 
in* for PlfflKure and Prpttt. Market Gardening. # . . 

r * f -Group *. **'• % ^ . 

Art. Architecture. Glass. Earthenware. Carving. 

AnT. Theory inidJPraJnlnc. Painting. 8<injfdu‘rp. Aichitectur*- iTIytiiy. 

Hfcyk*. Practteju' iTOrtmigr. - iHiftorjfttiml'W!') of A'rt.’ . * 

Glass and Eahtiiknwark. furl tiding Pottery. * 

Cabyino. Wood, Bone. Ivory. Horn. Tortoiseshell- 
Grout 3. 

Biology. Psychology. Sociology. Logic. Philosophy. 
Religion. 

Biology. Including Involution, PultcmUalogy, Heredity. Anthropo* 
logy, Ethnology. 

Psychology. Including Psychical Research. 

Soj;ioi.o<jy. Including Political Economy. 

Lome. The Science o 1 Kcoaonlug. 

Philosophy. Syntcm. of Thought. 

Religion. History and Systems. Christianity. 

Grout 4. 

Building. Cabinet Making. Upholstering. Hre. 
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ducts. Petroleum. Paper Making (including Pujwr Staining and 
Uiwsof Paperj v Photography. 
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Service. Army and Navy. 

Civil Service. Municipal. National. Imperial. 

Army ani* Navt. How to Enter Them. 

Gnorr 7. ^ 

Clerkship and the Professions. 

CueitKsnir avo Accountancy. Complete Training. Bookkeeping. 
Banking. The Whole Practice of Banking. 

Insurance. Life, Fire. Accident. Marine. 

Auctioneering and Valuing. Practical Training. - 
Estate Agknov. Impart moutg and OflirialH of a Great Estate. Train- 
ing a Land Agent. 

Medicine. Training of a Doctor. Specialists. Veterinary Surgeons. 

Dentistry : The Dental Mechanic. Home and Professional Nursing. 
Cuvxoii, How to Enter the Ministry of all Denominations. 

Scholastic. Teachers. Professorships. Governesses. Coaches. Tutors, 

’* 'Ah^KTAltl&S, ©te. Institution Officials. Political Organ Inal ions. 
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- Law. Solicitor* and Barristers. Fer*oiial and Cummercial Law. Copy- 
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Drawing and Design. 

Object. Geometrical . 0 BruBh. Memory. 


' , Drawing. . Freehand. 
.Light andRbode. 


Technical Drawing. For Engineers; Coppersmiths, Tinmen, Boiler- 
makers; Architects; Stonemasons; Carpenters and Joiners; Plumbers. 
, DxaHiN. Book Decoration. Illumination. Textiles. Wall Papers 
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Dress. 

.ns. Dressmaking. Underclothing. Children’s Clothing. Tailor- 
ing. Millinery. Men's JJuts. Furs and Furriers. FwBhers- 
fthirts and Collars. 
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Electricity. 

Electricity. Electrical Engineering. Telegraphs and Telephones 
(ludadtag operation of). Cables and Insulated Wire. Iu Business 
as an Electrical Engineer. 

Guour *«. 

Civil Engineering. 

Civil Engineering. Surveying. Variet lea of Construction. Machines 
Employed. Bonds. Bridges. Railways and Tram Affcys. Water 
Bewerage. Refuse Hydraulics. Pumps. Harbours. Docks, 
lighthouses. I oreigu W ork. In Busmens as a Civil Engineer. 

- Group is. 

: Mechanical Engineering. Military Engineering. 

Arms & Ammunition. * 

*&*?*}?, Ah Applied Mechanics. Workshop Practice.. 

Tools (Hand and Miscellaneous. Machine Tools. Portable Machine. 
Tools). Machines and A pidianras (A General Guide to Construction). 4 
Clocks and Watches. Bofeutiflc Instruments. * 

Military Engineering , Pun toons. Bridges. Fortifications. Rafts, 
Ti-euches. Passing Rivers. Conditions in Peace and War 
. Arm* arb Ammunition. Manufacture of Arms and Explosive*. 

Group 13. 

Geography. Astronomy. 
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Group 14. 

Geology. Mining. Metals and Minerals. Gas. 

r.Koi.onv. The Making of the Earth. 

Minin t. The Practice of Mining : Coal. Gold, Diamonds, Tin, etc. 
Metals. Metallurgy. Iron and Steel. Inland Steel Manufactures. 
Metal Work. Cutlery. 

Mi n krals. M ineralngy. Properties of Minerals. 

■ • Gas. Mann fact ure of Gas. 

Gicoui* 15. 

History. 

A Short History of the World from the Beginning. 

Group 16. 

Housekeeping and Food Supply. 

Servants. Qualifications and Duties of Every Kind of Servant 
Coorirv. A Practical Com hc wi^li Recipes. r- 
Laundry Work. Washing. The Laundry us'a Business. 

Foods a.vp Brifraurs. Milling. Breud-inukflig. Biscuits and Ton- 
fcctionevy. Sugar. <’on<liiuentrf Fruit. FinlierioH. Food ij’von-rva- 
lion filtering. Brewing. Wiiies and Ciders. Minerag Waters. 
Tea. Cottee. Clmcolatn. Cocoa. r 

Group *7. 

Ideas. Patents. Applied Education. 

Ini! .1 1. Tllo Power of ldi'iis in Life. Brains in Business. 

Pitpnts AND Tm'rxtions, How to Protect an Idea. 

Ai-pi.ikh Education. Application of Film at ion in Daily Life. Finance. 
Group *8. 

Languages. 

Jlow to Study a language. Com ses in Latin, English, French, Unman. 
Spanish, Italisiii, l‘>pnanto, (Deck. A Table of Root Words. 

Group * 9- 

Literature. Journalism. Printing. Publishing. 
Libraries. 

Litkuatuuf. A Survey of the Woild s Great Books and tlndr Writers. 

I'ouiry. fliiNsius, Fiction. Miscellaneous, flow to Head and Write 
.T. uHVAi.isM. A Guide to N'ewhpuper Work, with I’ructirnl Training. 
Pmintinu. CoinpoMing by Hand and Machine. Type Cutting and 
Founding. Engraving and liloeks. Bookbinding au<l Publishing. 
Liiirariks. Otfii iiiN ami Management of Libraries. 

Group 20 

Materials and Structures. Leather. Wood Working. 

Mai Km ai.s. The t'liariu tcristics and Strength of Materials. 

Sum n nus. The StnbiHly of Structure*. 

Lmthku. iRsitlii'r Industry. Leather, Belts TSoot« and Shoe* 
Siuidkry-nnd Uarness. Sundry I, cat her fl«md*. 

Wool* Worrino. Design and Opera turn of Wood Working Ma<hinciy. 
Woo«l Turning. MiMuIhuieous Woodwork. 

Groi l> 2t. 

Mathematics. 

Mahiumatics. Arithmetic. Algcbia. Geometry. Plane Trigonoinct ry. 
tonic Sections. 

Groi r aa. 

Music. Singing. Amusement. 

Music. Musieul Tlieory. Tonic Sol fa. Tuition in till Instruments. 

, Orchestration, Comluc.ting. Bell Kinging. Manufacture of 
‘ Hfusical JiiRtrumeutH. 

- Hi. s - o 1 vo. The Voice and Tts Treatment. 

Amihimknt. Dtuma and Slagt*. including Elocution. UimincHS -*ide of 
Ainnaeinelit. Hjpirls OIHcIiUh. 

GROUP *3. 

Natural History. Applied Botany. Bacteriology. 
Natural Products. 

Nat* hal History. Botany : Kingdom of Nature— it* Marvels. Meeh- 
anisui, »nd ltonumce ; Flowers, Plants, Seeds. Trees, Ferns, Mosses, itc. 
Zoology - Animals. Birds, Fishes, Reptiles, Insects. 

Am. n 0 Botany. Tobacco* Tobacco Pipe**. Forestry. Rubber and Gutta 
Percba. Basket Making. Cork, Wattle. Cane Work. Barks. Brush 
Making. 

Ba«tkkioi.oo\. Pathological and Economic. 

Natlral pRoirutTa. Hourcea. Valuev. Cultivation. 

Group 24. 

Physics. Power. Prime Movers. 

Physics. A Complete Course in the Science of Matter ami Motion. 
Pnwrn. A General Survey of Power. Natural Sources. Liquid and 
Compresbcd Air. 

Prime Movkrk. Enginea. Steam. G«a. Heut. Turbines. M’indniills/ 
. Group at 

f Physiology. Health. Ill-health. 

PiivstOLOGY. Plan of the Body: Digestive. Circulatory. Respiratory^ 
Ixicoinotor nnd Nervous Systems. The Sense*. 

Health. The Five Iaiws of Health. Personal Hygiene. Environment. 

State Medicine and the Public Hvaltli. 

Ill-heai.tr. General lll-heulth. IU Si*eclol Forma. Common Ail- 
ment* and Domestic Remedies. 

Group a6. 

Shopkeeping. Business Management. Publicity. 

Shock, rmsu, A Practical (Glide to the Keening of all Kinds of Shot is. 
Bi. sinks* Management. The Apnlicalion of System in Business. 
Pi'HUciTY. Advertising from nil Point* of View A* a Business. 

G hour 27, 

Shorthand and Typewriting, 

Shorthand. Taught by Pitmans, 

Typewriting. Woi'kingand Management 01 all Mnchiuns. 

Group *8. 

Textiles and Dyeing. 

Textilf*. Th e Textile Trades from Beginning to End. 

Dyking. Dyes and Their Application. 

Group ag. 

Travel and Transit. 

? ravkl, How to See the World. The Business Side of Travel. 

rabbit. A General Survey of Moans of Communication. 

Vrbiclxs. Construction of Air, Land and Sea Vehicles. Business of 4 
Llvtryman, Carrier, etc. Driving. 

Railways. The Management and Control of Railwaye 
tiatrt, Shipbuilding. Shipping. Managoaumt of I 
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Group 2 

MOULDING AND FIRING CLAY earthenware 

Manipulation of the Clay. Biscuit Ovens and Biscuit Firing. 2 

How Glaze is Prepared and Applied to Biscuit Ware ronm* 

Mftitlmifri from patf* JiliM 


By MARK SOLON 


'THE moulding of the clay into the vai'.ous 
* forms required may be done in a great many 
vvjiys, according to the shape and size of the 
piece. 

Throwing. The most ancient method, .and 
one still in use, is by means of a thrower's wheel , a 
modem type of which is shown in 8. The throw er 
sits over the revolving disc, A, into the centre of 
which he throws the piece of clay. By pressing 
the sides or the top of the mass while in motion 
lie raises or depresses it, or may hollow it out 
hy th< pressure of his lingers, making any 
regular circular shape he wishes. 

The speed at which the disc is driven is 
regulated hy the movable driving cone B, 
which is actuated by the lever ( \ The operator, 
hy working the lever alters the pitch of the 
driving cone B, bringing a larger or smaller 
driving surface to bear upon the cone I); thus, 
by pressing dow r n the lever the base of the 
driving cone is brought into contact with the 
apex of the cone I), increasing the speed of the 
disc, and by reversing the movement the speed 
is accordingly decreased. The cone B is driven 
by a rope passing round the pulley E. 

The operator regulates the machine to the size 
of the piece he is throwing, decreasing the speed 
for the larger pieces and accelerating it tor 
the smaller. 

Turning. After the rough form has been 
thrown , it is placed in a heated chain her and allowed 
to dry until sufficiently hard to handle. It. is 
then finished, and the accurate shape given to it 
on a turner’s lathe [9J. This lathe is similar to 
that employed by a wood-turner. The piece*, 
are fixed upon the horizontal spindle. A, in the 
manner shown in the diagram, the mouth ot 
the article being forced on to a wooden cone. 
When set in motion the superfluous clay is cut. 
away with small steel tools and the piece turned 
to the c orrect shape. The spindle is then made 
to revolve in the opposite direction and the sur- 
face of the clay polished with flat pieces of steel. 

The other processes of moulding the clay and 
those most extensively used are pressing, by 
machine mid by lmml, and ca d in/. 

Machine Pressing. The pressing of 
plates is perhaps the simplest, form of mechanical 
pressing, the machine being called r flat jigger 
|.10, A]. It consists of a revolving spindle to the 
head of which is attached an iron frame or ring; 
on this ling is placed the plaster mould, which 
is an exact replica in plaster of Paris of the 
inside of the plate. Working in conjunction 
with the flat jigger is a hatting mar] tithe [10, BJ, 
which mechanically prepares the slab or ba 
of clay with which the plate is to he ^mauc. 
It consists of a revolving spindle, upon w.ueli is 


tixed a round plaster block, P> [see diagram 10, BJ ; 
the piece of clay is thrown into the centre of 
the block, which is put in motion; the steel 
‘‘spreader,” (\ then descends, flattening out the 
clay to the proper size and thickness. 

The workman places the bat of clay upon the 
mould and puts the, latter on to the ring, 1) 
[see diagram 10, B|, which forms the head of the. 

A steel profile. A, which works upon a hinge, 
is brought to hear upon the clay, pressing it. 
against the mould and at the same time giving 
the shape to the back of the plate. The mould, 
with the shaped piece of day upon it, is put into 
a heated chamber and dried. The face of the 
plate is afterwards polished with fine sandpaper 
and the edges rounded with small steel tools. 

Jollying, Another form of machine press- 
ing is known as yo/b/tV/, and is employed in the 
production of circular hollow pieces. Tn this 
case the plaster mould forms the outside of the 
article and the steel profile the inside. The 
machine |11] is of similar construction to the 
Hat jigger. The head, however, is in the form 
of a metal cup, and the mechanical arrangement 
for introducing the profile is different. The, 
mould is made in two parts, which are held 
together hy an outer plaster frame. This frame 
jits accurately into the hollow' metal head of 
the machine. 

After the slab of clay has been formed hy a 
hatting machine as already described, it is 
roughly shaped upon a circular block of plaster 
which is covered by a loose flannel cap. The 
block, with the clay upon it, is inverted into the 
hollow mould, and on being withdrawn leaves 
the shaped piece of clay resting within the 
mould. The machine is then set. in motion, and 
the operator with the wet sponge presses the 
clay against ilie mould, expelling the air from 
between them ; the steel profile is then intio- 
dneed, which gives the correct, shape and finish 
to the inside of the piece. 

Hand Pressing. The foregoing processes 
only apply to circular shapes; square and irregular 
pieces must he pressed hv hand. If we take as an 
example of this in- i hod an ordinary jug, the mould 
is made in two pieces 1 13]. Flat slabs or hats of 
clay are beaten out by the workmen upon a plaster 
block, with a mallet of the same material, and 
placed upon the mould ; the clay is then pressed 
against the mould by means of wet, sponges and Hat 
pieces of india-rubber. Both sides of the mould 
having been lined in this way with clay, the two 
halves are put together and the seam between 
them filled in with a small roll of plastic clay. 
The handle of the jug is pressed from a solid 
roll of clay bet ween two plaster moulds. After 
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being partially dried, it is fitted to the shape of 
the jug, the ends are dipped into thick slip, 
placed in position on the jug, and by gentle 
pressure made to adhere. After drying, the 


rough edges 
are trimmed 
with a knife, 
and the sur- 
face finished 
w i t h fi n e 
moist sponges. 

Casting. 
In the proccw 
of casting, 
instead of 
using t h e 
plant io clay 
we take the 
slip l>efore 



the superfluous water has been filtered from it. 


'Phis method is resorted to when either very thin 


or highly ornamented pieces of intricate* shape 


shelves are constructed in distinct sections, which, 
on turning the spindle, present themselves in 
rotation at the opening of the stove. In this way 
only one section at a time is exposed in the 
workshop, and this, when filled with moulds, 
is turned into the heated chamber. The shelves 
are thus filled and emptied continuously, the 
time taken for each revolution of the spindlo 
being sufficient to dry the clay thoroughly. 

It is necessary in drying that the evaporation 
of water should take place evenly and slowly, 
otherwise the clay will have a tendency to twist 
and crack, giving way always in the weakest 
part. The speed with which the drying may 
safely proceed depends upon the amount of 
water to he expelled, or the extent to which the 
body is liable to contract. This varies according 
to the proportion of plastic materials it contains. 
The higher the proportion the greater the con- 
traction, and consequently the more slowly and 
carefully must the piece he dried. 

Biscuit Firing, We come now to the 


are required. Having taken the hollow plaster most difficult 
mould, which is naturally extremely absorbent, manufacture' 


it is filled with slip. Immediately, 
the plaster absorbs the water from 
the slip which conies in contact w it h 
it, coating the mould with a thin 
film of clay ; the superfluous si ip is 
then emptied from the mould, the 
clay piece remaining in it until 
hard enough to remove. After 
drying, it is finished in the usual 
way with moist camel-hair brushes 
and line sponges. 

Reference has .* 

been made to , 

plaster moulds 
upon which de- ~ 

pend the shape g 

and modelled 
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and important process in pottery 
■-biscuit firing or hardening of the 
cla v in order to make it durable and 
capable of being glazed. This 
hardening, or vitrification. is 
characterised by a further contrac- 
tion due to the chemical combina- 
tion of the ingredients in the body 
under the influence of heat. In 
order to raise the clay to the 
desired temperature, furnaces, or 
biscuit on -w*. as they an* called, are 
built, capable of holding a con- 
siderable quantity of wart*. The 
construction of these ovens varies 
considerably, but the simplest 
forms, and those generally 
adopted, art* the ufnframjht and 
M inton s Patent. We must bear in 


ornamentation of pressed or cast pieces. These 
moulds, which art* made of plaster on account 
of the ease with which it can In* manipulated 
and its power of absorbing water, are east 
successively from clay or plaster model by 
pouring the liquid, plaster (plaster mixed with 
wafer) round the model, and allowing it to set. 
In this way the ornamentation or relief worked 
upon the original can lx* reproduced in any 
quantity. 

Drying. Alter the clay has been moulded 
by any of the foregoing methods the pieces are 
hardened by * trying , so that, thyv may be safely 
handled for finishing. In other words, the water, 
which to a large extent has been artificially 
introduced to aid plasticity, is driven oil. This 
brings about a diminution in the hulk of the clav, 
which is called contraction or shrinkage. 

In each workshop is built a stove, or drying 
chamber, heated from tin* floor by means of 
steam pipes. The interior of the chamber is 
fitted with shelves upon which the moulds are 
put. When a large number of moulds are used, 
ti9 in the case of plate and saucer making, the 
shelves are arranged upon an upright spindle, 
which rcvo?ves inside the stove [12]. The 
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mind in studying the construction of these ovens 
that the main object is the uniform and economi- 
cal distribution of heat through the entire mass. 

The Up-draught Oven. The up-draught, 
oven 1 14] consists of a circular chamber round 
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the base of which are from 8 to 12 lire holes or 
mouths. The chamber is built within a large 
conical chimney. On leaving the mouths, the 
fire ascends through the oven by upright 
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and horizontal dues ; the former serve to heat the 
outside circumference, while the latter convey the 
ilame to the centre. The products of combust ion 
from both escape through holes in the dome top. 
The tires arc fed with coal through openings at 
the top of the mouths. 

These openings are fitted with iron doors or 
fireclay slabs, which, being entirely or partially 
closed, regulate the amount of air passing into 
the oven. 

The Down-draught Oven. The Minton's 
Patent, or down-draught oven [15], differs con- 
siderably from the up-draught in construction 
and principle. The general arrangement of the lire 
holes is the same, but it will be noticed that 
there is no independent chimney or hovel, the 
chimney being built upon the body of the oven 
itself. The great difference in principle, how- 
ever, is the course taken by the flame. The tire 
holes are connected with the interior of the oven 
hv upright flues only : on leaving these flues, the 
flame ascends to the top of the dome. The 
opening. A, however, being closed, t lie products of 
combustion are reflected to the floor, and, passing 
through holes in the bottom of the oven, 11, 
escape eventually by the vertical Hues, (\ built- 
in the walls. The course taken by the ilame in 
this ewe is much more lengthy than in the ease 
of the up-draught oven, and results in 
more perfect combustion and consequent- 
economy of fuel. 

The Saggers. Having briefly de- 
scribed the construction of the oven, we j 
will pass on to the method in which the | 
clay ware, already dried, is placed in the 
inner chamber and fired. In order to 
protect the clay from the lire, and also K , 

so that the oven can lie properly tilled, the S ,,, N , 
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have liecn designed which, although not perfect, 
will doubtless eventually supersede the hand 
met hods 

The prepared marl is find of all beaten by 
hand with wooden 
nfallcts on an iron 
table* into flat 
sheets of about 
I in. thickness. 
The sheets are 
then cut with a 
knife into strips, 
the width of the 
strip correspond- 
ing to the height, 
of the sagger re- 
quired. The shape 
is given by vvrap- 
.. ping these strips 

„ ,w OU ;'! N, ,‘, , round wooden 

boxes or drums, 
which arc afterward placed upon flat bats of 
marl the size and shape of I he bottom of the 
sagger. The strips which form the sides are 
then worked info and welded .to the bottom, 
thus forming a complete box; these are then 
slowly dried and sent lu the oven to he fired. 

Filling the Oven. The clay ware is 
simply placed inside tin* saggers, packed 
as < losrly as possible, clean sand being 
used to support it when* necessary. The 
saggers are arranged one upon the other 
in the oven as shown in 18, those con- 
taining such pieces as ewers, jugs, cups, 
and the majority of small hollow ware 
living placed in the hottest parts of the 
n.viMi OV( ' n « while the plates, dishes, etc., are 
ic koi; kept in the centre, away from the lire 
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pieces are first of all put- into fireclay DKY , N(; M() | LDS holes. After the entire oven has been 
boxes, or mggvrs. These saggers are made filled as solidly as possible with 

from coarse lot* il marls which occur in the coal saggers, the entrance is built up and math* air- 
districts, and are of size and shape to suit the tight. 

particular class of goods for which they art* in- Firing the Biscuit Oven. The tiring, 
tended. The marl, after being mined from the pit. as we have already said, must proceed slowly 
is crushed between metal rollers and mixed in a. and evenly, our object being to raise the entire 


horizontal pug mill with about athirdof ils weight 
nt previously fired 
marl, tile requisite 
amount of water 
being added to 
make the mixture 
plastic. In prac- 
tice, the saggers, 
which have al- 
ready been fired 
and become u*»e- 
k ss or broken, art' 
ground up and 
used to mix with 
the marl. The 
object of intro- 
ducing the fired 
material is to re- 
duce the contrac- 
tion and enable the saggers to withstand sudden 
changes of temperature when the oven is cooling. 
Up to recently, these saggers have been almost 
universally made by hand, but latterly machines 



mass in the oven to one uniform heat, and to 
bring about I he contraction of the clay equally 
and continuously. The time taken to lire a 
biscuit own is from AH hours to tiO hours, and 
may lx* divided info three stages. 

During tin* first stage*, or .**/// <>/r/wf/, the fires are 
very slight, as it is only necessary to create* «» 
gentle heat in the* oven just sufficient- to drive oil’ 
any free moisture which mav have remained in 
the ware, or mi fired saggers. 'I'his treatment lasts 
for about twelve hours, until the whole of the 
own is thoroughly warmed. 

During the- second stage the heat is gradually 
raised for about 21 hours. The clays now* lost 4 
their combined water, which is driven off at 
about red heat. The body, however, docs not. 
undergo any marked change, and remains about 
the. same size, but losing a little of its density, 
fi real can* must be taken not to increase the 
heat too rapidly, otherwise the outer part of the 
oven will become wry much hotter than the 
centre, a difference which cannot afterwards bo 
rectified. 
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The third stage, which we might consider as 
the firing proper, begins with the contraction 
of the body. The fireman controlling the oven 
must then he guided by whatever pyrometer ho 
is using as to the correct manner to treat his tires 
in order to bring' 
about the entire 
shrinkage in an 
even and regular 
manner. 

Pyrometers. 

The pyrometers, 
on which de- 
pend, to a great 
extent, the ulti- 
mate result of 
the firing, may 
be divided into 
two classes — 
those indicating 
the heat ac- 
quired, and 
thoso showing 
the effect of the 
heat on the., 
material. 14. up-draught biscuit oven 

Of the first class, the “ Seger cones ” are the 
most generally used and the most reliable. They 
are composed of more or less fusible felspatlnc 
mixtures so adjusted that they bend or melt 
at given temperatures. Having placed a number 
of them in the sight holes of the oven, the fireman, 
by making }>eriodical observations, sees exactly 

what heat he has attained. 

In the second class, the actual 
material being fired is used. 

Small pieces of the dried body, 
or “ trials,” are put in tho oven 
as before, but arranged in such 
a way that they can l>o easily 
drawn out and examined. The 
fireman then judges tho heat 
by measuring thecontracfcion of 
the trials or by observing the 
texture of the fracture when the piece is broken. 
The latter method is extensively used. By allow- 
ing the small pieces to cool very quickly, they split. 
The denser the body, the closer the particles ; 
consequently, the smoother tho fracture. The 
appearance of this fracture becomes then an in- 
dication of tho density of the body, or of the heat 
to which it has been submitted. 

Tho second class is undoubtedly 
the more reliable one, as the increase 
in heat does not always correspond 
with the molecular work done in 
the body. There a re certain periods 
during the firing when chemical 
combinations take place in the 
body which bring about the 
shrinkage, so that, in order that 
the contraction of the ware should 
occur evenly, the heat at theso periods must be 
to a certain extent withheld. 

After the right temperature has been reached, 
the oven is allowed to cool slowly. 

Should the cooling proceed too rapidly, the 
larger and thicker pieces of ware will have a 
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tendency to split, the outside of the piece be- 
coming cold while the centre is^tfil hot, and 
caulihg an unequal contraction. When the whole 
of the oven has become thoroughly cool, the 
ware is drawn out and examined, and the faulty 
pieces, such as the cracked and. 
twisted, are separated from the 
good. The body is now in the 
biscuit state, having been 
thoroughly hardened by the 
fire, but in the case of tho 
mixture under consideration, still 
retaining a little porosity. 

Glaring. 
The foundation 
of all glazes is 
the silica or 
flint rendered 
fusible by the 
addition of 
fluxes, such as 
borax, car*. 
bonate or oxide 
of lead, lime, 
soda, and pot- 
ash. These 
proportions and 
glass which har- 
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materials, mixed in suitable 
melted together, produce a 
mi mines with the biscuit to which it is applied. 

Equal Contraction and Expansion. 
It is particularly necessary that the glaze 
should l)o so composed that it has a similar 
contraction and expansion to the body which 
it covers. The glaze, like the 
body, expands with heat and 
contracts with cold, and un- 
less the body and glaze con- 
tract and expand simul- 
taneously, two faults are 
developed. In the first place, 
should tho glaze contract on 
cooling more than the body, 
it breaks up, the surface be- 
coming covered with fine cracks 
or crazes. If, on the other hand, the body 
contracts more than the glaze, it is apt to 
compress the glaze, which, after it has been com- 
pressed beyond tho limit of its elasticity, 
acquires sufficient pressure to break tho piece. 

The peculiar properties of the various fluxes 
used in combination with the flint are as follows : 

The borax gives brilliancy and hard- 
ness to the glaze, and has the 
property of covering a large surface 
m proportion to its weif , A fm ‘“ 
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The 

lead makes the glass elastic and 
lustrous, and at the same time forms 
a more stable glass, which is not so 
easily affected by subsequent repeated 
fires. The lime is introduced for its 
stability and transparency when in 
combination with the silica and 
borax. Soda and potash are the most fusible 
fluxes, and greatly affect the melting point of 
the glaze. 

It must be borne in mind that these properties 
are due to the combination of the ingredients and 
to their effect upon one another when melting. 
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Preparation of the Glaze. Our object 
now is to ptoduce a mixture from the above 
materials which, when ground to a finely 
divided state, shall be stable, and in no way 
soluble in water. However, certain of the in- 
gredients necessary for the glass, such as borax, 
soda and potash, arc extremely* soluble in water, 
and the first process in glaze- 
making is to render them 
insoluble by combining 
them with certain propor- 
tions of silica, Cornish stone, 
lime, china clay, etc. This 
is done by intimately mixing 
together the materials and 
melting them in a specially 
constructed furnace [16]. 

This process is called fritting , 
and the glass so produced 
the frit. A further quantity 
of flint, lead, and stone is 
then added to the frit, and 
Ihc whole mixture ground 
in water. 

The mill alieady de- 
scribed has, till recently, 
been used for glaze grinding, 
but it lias now been super- 
seded by the kt Alsing 
cylinder,” a rotary mill [17]. 

This machine takes con- 
siderably less power to drive, 
and grinds more lapidly. 

It consists of a cylinder 
lined with chert porcelain, 
or wood, which is half tilled 
with small flint boulders. 

The frit and mixture is 
introduced into the cylinder with a certain amount 
of water. On making the cylinder revolve slowly 
the flints rub against each other, and the glaze 
lying between and about the boulders is ground 
by the friction between their surfaces. After it 
has been passed through fine silk sieves, and the 
metallic iron extracted from it by ordinary 
magnets, the liquid glaze is delivered into tanks. 

Applying the Glaze to the 
Ware. The li quid glaze is applied 
to the ware by plunging the porous 
pieces of biscuit into the liquid, 
the porousness ensuring the 
retention of a sufficiently thick 
coating. The evenness of the 
coating depends upon the manner 
in which the piece is dipped into 
the liquid and the superfluous 
glaze shaken fi*om it. 

After being thoroughly dried, th e 
ware is again placed in saggers, which are built 
up in the oven in the manner already described 
for biscuit firing, with the exception that the joint 
between every sagger is made airtight by the 
insertion of rolls of plastic clay. 

The method of placing the ware, however, is 
different, as the pieces must bo kept from contact 
with one another or with the sagger, to prevent 
the glaze, when molten, causing them to adhere. 


To accomplish this the articles are separated 
by various shaped small pottery supports 
called thimbles , stilts and saddles . Fig. 19 shows 
the arrangement for placing plates or saucers, 
the thimbles, A, being so formed that they can 
be built up one on another, so that the ware 
only comes into contact with the pointed arm. 

After the glaze has been 
cleaned from the foot, hollow 
pieces, such as jugs, cups, 
ewers, et c., are placed on the 
bottom of the sagger, upon 
which some small flint 
clippings have been pre- 
viously strewn. These 
shippings provide small 
pointed supports for tho 
pieces, and so prevent them 
from adhering to tho bottom 
of the sagger. 

Tho composition of tho 
glaze suitable for the body 
given at. the beginning of this 
articlo is as follows : 

Frit— 
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Glost Firing. Tho glost 
firing , or romelting of tho 
glaze ujion the surface of tho 
biscuit, must proceed briskly, 
and occupy from about 18 
to 24 hours. The fireman gauges the progress 
of the heat by drawing from the oven periodically 
small rings, or trials, made of a lightly tired red 
marl and dipped in a soft- rod glaze, which darken 
as the heat increases. It is extremely important 
during the whole process of glost firing that the 
atmosphere inside the oven should be kept as oxid- 
ising as possible. In other words, if insufficient 
air for combustion be admitted 
through the tire holes, the products 
of combustion become laden with 
carbon, which, in order to bum, 
will rob the lead and other com- 
pounds in the glaze of their oxygon 
and so affect the brilliancy of 
the piece. For this reason the 
ovens are cooled very quickly, 
allowing as much air os possible to 
pass through tho oven while the 
glaze is still in the molten state. 
It must be understood that the brilliancy of 
the glaze on the ware depends to a very great 
extent upon tho oxygen which is contained in 
the fluxes. 

When it has been drawn from tho oven 
the ware is carefully examined for faults, 
the small rough places, where each piece has 
been supported during firing, being dressed and 
smoothed with steel tools. 
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METHOD OF ARRANGING SAGGERS 
IN BISCUIT OVEN 
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HISTORY 


Napoleon returned to Paris to raige a new 
army, but the day of his greatness was over. He 
received a crushing defeat at Leipzig, and then 
began the invasion of France by the Allies. 
Wellington was now leading his army across the 
Pyrenees, and Napoleon, feeling that the game 
was over — at any rato, for the time — offered to 
abdicate in favour of his son. The offer, how- 
ever, was not accepted, and he was compelled 
to make an unconditional abdication. 

The Allies offered to confer upon him, on 
condition of his withdrawal from France, an 
empire of a somewhat diminutive order. He 
was to be created sovereign of Riba, with the 
title of Emperor. *This arrangement Napoleon 
accepted on April 5th, 1814, as he had at the time 
no means of resisting. Outside France, he had 
aroused all Europe against him, and his enemies 
had him in their power. He had, therefore, to 
accept terms which practically made him an 
exile. But he soon began to make secret arrange- 
ments for a return to the scene of bis Imperial 
power. He escaped from Elba with some 
followers in a little fleet of hired vessels, landed 
in France on March 1st, 1815, ami received a 
rapturous welcome throughout the country, the 
army receiving him with undivided enthusiasm. 
The Empire was restored as by magic, and 
Napoleon once more entered Paris in triumph at 
the head of his army. 

Waterloo. The coalition against him had 
in tho meantime become relaxed in its eobesive- 
ness, and when Napoleon returned to France, 
only a mixed force in Belgium under Wellington 
find a Prussian army commanded by Blueher, 
along the Rhine, were ready to oppose him. 
Napoleon gained a victory over Blueher, but 
lost some time before following it up. Napoleon 
, then led his forces to at tack Wellington, who hod 
already defeated, at different times, most of the 
Emperor’s ablest marshals, and he now had the 
advantage owing to Napoleon’s want of prompti- 
tude in a decisive movement. With the help of 
the Prussians, who had joined him, Wellington 
won a. complete and crushing victory over 
Napoleon on the Plains of Waterloo. 

Napoleon, knowing that his last hopes were 
gone, fled to Paris, and, with the intention of 
seeking refuse in America, went to Rochefort : 
but, either changing his purpose or finding tho 
project impracticable, he gave himself up as a 
prisoner to the captain of the British war vessel, 
the Bellerophon, and was brought to England, 
iand from thence banished by the British Govern- 
‘ ment to St. Helena. He arrived on October 1 5th , 
1815, and there he spent the remainder of his life. 

The Restoration of the Bourbons. 
When Napoleon left Paris after the defeat 
at Waterloo, Louis XVIII. entered it, and the 
family of the Bourbons was restored for the time 
to the throne. A decree was passed excluding 
; for ever all members of the Bonaparte family 
■ from France, Louis XVIII. died in 1824, and 
l was succeeded by Charles X., who distinguished 
^himself only by bis efforts to restore the absolute 
'system of the old French monarchy. But the 
principle® of the Revolution had spread too 
"widely and deeply among the French people to 


admit of any return to the ancient systems. The 
settlement made at the Congress of Vienna by the 
victorious European sovereigns, with the object 
of maintaining the old-fashioned system of 
monarchy, was made with no regard to the 
development of human intelligence, the spread 
of education, and national sentiment. Charles X. 
tried to maintain his power by passing the Pro- 
clamation of Ordinances, announcing a new 
system of elections, restricting liberty of speech 
and publication, and abolishing the charter 
which the Bourbon family consented to accept 
on their restoration. The King also dissolved the 
Parliament which had but recently been elected 
as a protest against the tyrannical measures 
lie was introducing. The result was that tho 
people of Paris rose in armed resistance, and tho 
King had no course left than to abdicate — on 
August 3rd, 1830. He died in exile. 

Louis Philippe. Louis Philippe, the eldest 
son of the Duke of Orleans, was born on 
October 6th, 1773. When the revolution broke 
out and the Republic was established, he and 
his father joined the popular movement. He 
served in the wars of the Republic, but soon 
got into political trouble, and sought refuge in 
Austria, and afterwards in Switzerland, where 
lie made a living as a teacher. Ho spent some 
years in the United States, and afterwards 
settled near London. On the restoration of tho 
sovereignty in France, he. was enabled to recover 
his estates, and on the abdication of Charles X. 
was raised to the crown. He was popular for 
a while, because he was believed to be a constitu- 
tional sovereign ; but he disappointed popular 
expectations, and when public disappointment 
showed itself in constitutional fashion, he had 
recourse to the old measures of reaction — the 
dissolving of Parliaments, the suppression of 
hostile newspapers, the secret interference with 
trial by jury, and intrigues with foreign Govern- 
ments. There was a rising against him in the 
February of 1848. Ho was forced to abdicate, 
and took refuge in England, where he died 
on August 26th, 1850. After his flight, a 
Republic was proclaimed. Among the rising 
figures in the new Republic wras that of Louis 
Napoleon, the son of Louis Bonaparte, the great 
Emperor’s brother. 

Louis Napoleon. Louis Napoleon had 
lived in exile and had written and published some 
military and political treatises. By the death of 
the Duke of Reichstadt, only son of Napoleon I., 
he became the head of the family. He made 
two unsuccessful attempts to create a Napoleonic, 
restoration, and for the second he was sentenced 
to perpetual imprisonment in the fortress of 
Ham. Ho escaped after five years and 
came to England. When the revolution of 
1848 broko out in France, he returned, and was 
elected a member of the Constituent Assembly ; 
he afterwards became a candidate for the 
Presidency, and was elected by an immense 
majority. For a time he played the part of a 
constitutional and republican chief magistrate, 
but his ambition sought a higher sphere and 
more complete authority, and he succeeded in 
obtaining the confidence of the Army. On 
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December 2nd, 1861, he abolished the existing 
constitution, so far, at least, as it prevented the 
creation of a dictatorship. This was an open act of 
military power, but it appeared to have had the 
support of the country, for when the vote was 
taken, Louis Napoleon was re-elected President 
for ten years by a suffrage of over seven millions. 

The Empress Eugenie, He soon as- 
sumed the title of Emperor, and was again 
supported by the country in general. He now 
made it his work to recommend himself especially 
to the army, the democracy, and the clergy. 
He insisted on the right of peoples to chose 
their own rulers, but he imposed the severest 
restrictions on the liberty of the Press. On 
January 29th, 1853, he married Eugenie do 
Montijo, a Spanish countess of remarkable 
beauty, who made a brilliant figure at the 
Imperial Court, and who lived to sec the fall, to 
share the exile, and to kneel by the grave of her 
husband. The policy of Napoleon throughout 
seems to have boon directed to propitiate the 
popular vote and to conciliate the Army. He 
undoubtedly effected much good work towards 
the improvement of the cities and towns of 
France, and established Treaties of Commerce 
with many foreign states. The commercial 
treaty with England was prepared by Richard 
Cobden for England and by Michel Chevalier 
for France. He exerted all his power towards 
the repression of republican opinion and all 
independent opinion in the Press or on the 
platform. He formed military alliances with 
other European states ; and with England, 
Sardinia ana Turkey he helped to carry on the 
Crimean War against Russia. He also carried 
on a successful war against Austria, which did 
much towards the emancipation of Italy. 

Louis Napoleon and Mexico. Most 
unfortunate was his attempt to convert the 
Republic of Mexico into an empire under the 
rule of the Archduko Maximilian of Austria. 
This began as the result of many just com- 
plaints made by the English, French, and 
Spanish Governments of the ill-treatment of 
foreigners in Mexico, and the non-payment of 
arrears due to foreign fund holders. The three 
Governments resolved to enforce their claims ; 
but Louis Napoleon’s project for the creation of 
an Empire in Mexico was disapproved by the 
English and the Spanish Governments. The 
French Emporor carried it on alone and the Arch- 
duke Maximilian entered Mexico as Emperor 
under his protection. The Mexicans held out 
with irrepressible resistance and the Govern- 
ment of the United States came to their aid, 
supporting this action by the terms of tho 
famous Monroe doctrine, and Napoleon’s Govern - 
ment found it necessary to withdraw their troops. 

Maximilian carried on the resistance to his 
Mexican opponents, and sanctioned the execution 
of several Mexican generals in the service of the 
Republic who had maintained the cause of 
their country in arms. When Maximilian’s 
attempt to found an empire thus utterly failed, 
he was, in his turn, tried by court-martial, 
ultimately condemned to death, and shot. 


War with Prussia. Louis endeavoured to 
recover his lost prestige by findiilg a pretext 
for quarrelling with Prussia, against whom he 
declared war in July, 1870. That war peeved 
the crowning failure of his policy. The Prussians 
won victory after victory, and at last occupied 
Paris, Napoleon III. being captured and held 
as prisoner until the settlement of that Peace 
which brought about the formation of a new 
French Republic. In March, 1871, he came 
over to England, and lived there with his wife 
at Chisel hurst, in Kent, where he died on 
January 9th, 1873. Their son, Eug&ne Louis, 
had served in his father’s aripy during the fatal 
war of 1870, and afterwards accompanied his 
parents to England. He served as a volunteer 
with the English forces in Zululand in 1879, 
and lost his life in the campaign. 

The new French Republic was founded under 
conditions which might have seemed hopelessly 
discouraging. The enemy was still in possession 
of Paris and a great part of the country ; and, 
further, a great socialistic revolt was springing 
up among the French people, chiefly among. the 
population of the cities. The Communo was 
actually proclaimed, and some fearful riots 
took place, among which several French generals 
who had fought for their country agamst the 
Germans, and were now fighting for the Republic 
against the Commune, were done to death. The 
Archbishop of Paris, Monseigneur Darboy, was 
murdered. The Communists held Paris for a 
time, and when this became impossible they 
burnt down many of the great public buildings. 
The Republic conquered in the end, and severe 
punishments were inflicted. 

The New Republic. The President, 
M. Thiers, had to undertake with the opening 
of his presidency the task of concluding peace 
with the German invaders and bringing the civil 
war to an end. Both tasks were accomplished, 
and the Republic began its work of peaceful civil 
government. But even in the Constitutional 
Assembly there was a still strong monarch ial 
party; indeed, two parties — one in favour of 
restoring the old Legitimist dynasty and the 
other supporting a restoration of the Orleanist 
dynasty. Thiers, although a monarchist at 
heart, maintained that a new monarchy was 
impossible at the time, and allied himself with 
the Republicans. Leon Gambetta, a great demo- 
crat and orator, who, during some of the recent 
troubles, had been in all but name Dictator of 
the country, maintained tho cause of the 
Republic, and the Republican party had a com- 
plete victoiy. Thiers died during the course 
of the electoral struggle which decided the 
victory. The Third Republic was founded 
with a succession of elected presidents, for a 
fixed period of years, to be its presiding magis- 
trates. That Republic has already lasted 
much longer than either of the two which pre- 
ceded it, and there does not at present seem 
any indication that the public mind of France 
is likely to turn with favour again to any 
project for the foundation of a Monarchy or an 
Empire. 


6240 



MANY TELEGRAMS ON ONE WIRE 
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TELEGRAPHS 

Duplex and Quadruplex Working. Various Methods of Transmission. 

7 

Sending Two or Four Messages Simultaneously on one Wire 

Continued from pafe S178 


By D. H. KENNEDY 


is safe to say that nothing excites the 
wonder of the young telegraphist more 
than duplex working, the system which enables 
messages to be sent simultaneously in opposite 
directions on a single wire. Most of tho English 
oircuits are worked on what is called the 
differential system. Let us approach the sub- 
ject from familiar ground. 

Consider a single-current circuit as shown in 
30,page 6067. How can we modify it so as to enable 
it to be used for duplex working ? As wo wish 
to be able to receive a signal at the same time 
as wo are sending, it is clear that we must alter 
tho position of our relay so as to include it in 
tho line circuit. We may do this by connecting 
No. .3 terminal to No. 1 , and No. 2 to earth. Now 
we find that our own signals affect our relay, and 
we come to the real crux of the problem —that is, 
how can we signal through our relay without 
affecting it ? For this purpose the relay is 
arranged with differential windings. First, we 
must adjust the brass straps so that both are 
connected across between 0^ and it. Now re- 
arrange the circuit connections as shown in 45. 

Duplex Working. Now we have one 
winding of the relay ® to ® included in the 
line circuit, and currents sent through it would, 
as before, reproduce our marks. A little con- 
sideration will, however, enable us to see that 
wo can arrange to send through the winding 
it to J) a current of the same strength as that 
in ® to , so that tho relay armature will be 
unaffected To do this we must connect the 
bridge of the key to d by a suitable resist- 
ance — that is, a resistance equal to that of 


the line, the distant apparatus, and our own 
galvanometer. 

The Artificial Circuit. The circuit is 
now as shown in 46. The part between u, D 
and the key may be, called the com'pensation 
circuit or artificial circuit , and we see that 
our signals to the distant station pass through 
our own relay, but leave it entirely unaffected 
Now wc ext?nd our considerations to both 
stations, arranging them similarly. On exam- 
ination we find, first, that each station can 
signal to the other one without affecting his 
own apparatus. Secondly, we must consider 
what changes take place when, the key at A 
being already held down, that at B is also 
depressed. For this purpose we take another 
diagram [47 ], omitting everything except relays 
and batteries. 

The circuits may l>e shown as three rect- 
angles, X, Y and Z ; and since X was made 
equal in resistance to Y, and Z was also made 
equal to Y, all three are of equal resistance. The 
current from battery A divides equally between 
X and Y, as shown by the single-headed arrows. 
Similarly, the current from B, which is of the 
same strength as A, divides equally between 
Y and Z, as indicated by double-headed arrows. 
As a result of the joint action Of A and B, the 
current in the lino circuit Y is double that in 
either of the compensation circuits X or Z. As 
a consequence the © to (£>; winding of each relay 
is traversed by current double the value of that 
in tlic compensation circuits, so that both 
“ mark.” Each station can therefore signal 
through his own relay without affecting it, and 



5241 






TttKQftAFHft 

can energise the distant relay whether the 
distant station battery is in or out of circuit. 
To facilitate adjustment, the galvanometers are 
also differentially wound, and the interpreta- 
tion of their deflections has been 
explained in the practical section. 

Battery Resistance. It has 
been stated that when both batteries 
are introduced into the line circuit 
the current is doubled. In order 
that this may be quite true, the 
doubling of the electromoti ve force 
must take place without any 
alteration of the total line resist- 
ance. The batteries, however, 
may have considerable resist- 
ance, so recourse is had to the 
expedient of introducing resist- 
ance coils, which take their 
place in the circuit alternatively with the battery. 
A complete skeleton diagram is given in 48. 

Duplex and Simplex Switch. On 
many circuits, especially provincial, it is necessary 
to work duplex only during the busy hours. 
To economise battery power a switch is pro- 
vided by means of which the connections can be 
altered as required. 

Fig. 49 is a diagram of the arrangement, 
and shows also the usual positions of the 
various parts on the instrument table. 

To add to his memory stock the student 
should take the switch terminals as 
times on a clock, beginning at 8 a.m., 
thus : 

8 o'clock split of relay 
10 „ three 

two 

rheostat 
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12 fl 

2 „ 

4 „ one 

0 „ zinc of battery 

The italicised words can easily be 
strung together and retained as a mnemonic. 

Rheostats. Variable resistance under this 
name are always used for the artificial circuits. 
They are made up ot resistance coils [sec page 
789], connected so as to 
allow of any required 

resistance within certain 
limits being introduced 
into the circuit. The 
latest pattern, known as 
, the D Kheostat, is shown 

while 51 shows its ex- 
ternal appearance. 

Double-current 
Duplex. To alter a 
circuit from single-current 
to double-current duplex, 

is necessary only to condenser 

introduce a double-current key and to remove 
the single-current key and the battery resist- 
ance block. We proceod, therefore, in the 
direction of simplification, and all new duplex 
circuits in the Post Office administration are 
ns*de double-current. 

%*ong Circuits. For long circuits, how- 
it. is necessary to modify the artificial 
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circuit. When the line exceeds 100 miles* the 
difference between the capacity of \he long and 
comparatively thi'ok line wire and the negligible 
capacity of the few coils of small wire in the 
artificial circuit becomes sufficiently 
marked to interfere with the signals. 
Artificial capacity is therefore 
introduced in the shape of 
condensers. 

A condenser is a development 
of the Leyden jar. For tele- 
graphic purposes it is made by 
arranging a large number of 
layers of tinfoil and paraffined 
paper. Odd-numbered tinfoils 
are then connected together to 
form one surface, and even-num- 
bered tinfoils to form an opposing 
surface. 

It was pointed out on page 5178 that the 
capacity of lines varied as their surface, and 
inversely as their distance from the earth. 

In the condenser artificial circuit, one metallic 
surface represents the line and the other repre- 
sents tho earth, and by reducing the distance 
between the surfaces to the smallest practical 
limits, the necessary amount of surface to provide 
a given capacity is surprisingly small. 

The capacity of an ordinary aerial wire is 
about 015 microfarads per mile. 

Two microfarad condensers arc made, 
having dimensions 7£ in. by 4£ in. by 
h in., so that in this small compass we 
have capacity representing 133 miles of 
line. For use in the artificial circuit, the 
condenser must be adjustable. 

The Condenser. Figure 52 shows 
the internal arrangement of a 7£ micro- 
farad condenser, and 53 its exterior. 
C and I) [52] are the terminals. The 
parallel linos represent layers of tinfoil, 
and tho intervening spaces layers of dielectric. 

One surface of each section is connected to D, 
the remaining surfaces being each connected to a 
brass segment marked with the appropriate 
value. Any required number of these 
can be connected to terminal C by in- 
serting plugs at A or B. It will be observed, 
however, that there is a 
break between A and B. 
This is for the purpose of 
allowing what is called a 
retardation coil to be 
inserted. 

The need for this will 
be seen if we consider the 
simultaneous charging of 
a long line, and the corre- 
sponaing artificial circuit. 
7J microfarad The resistance of the line 
limits the maximum value of the charging current, 
and so lengthens the time necessary for the 
charge to reach its maximum. 

Consider 54, which represents the artificial 
circuit. R is the rheostat, and R2 and R3 are re- 
tardation coils. The section A of the condenser is 
charged through the resistance El, while section B 
is charged through both R1 and R2. A therefore 



corresponds to the near portion of the line circuit, 
and B to the* more distant portion. Now if R2 
and R3 were not present to slow down the rate 
of charging the condensers during the first 
instant of the charging 
process, the current to 
charge the artificial cir- 
cuit would greatly exceed 
the current charging the 
line circuit, and would 
therefore affect the relay 
in the way we wish to 

avoid. 

Figure 55 is a diagram 
of the complete connec- 
tions of a double current 
duplex. The student 
who has memorised the 
preceding examples will 
not find this difficult. 

In the mnemonic system, 
the right -front terminal 
of the key becomes 
No. 4, the rear-middle 
terminal No. 3, and the »y aU ‘ m 
left-front may be called 0. The switch termi- 
nals will now read, " split, 3, 2, rheostat, 1, 0.” 

Quadruplex Working. The success of 
the duplex system led to further efforts to 
enhance the traffic capacity of a single wire, 
and although it had been suggested by others 
at an earlier date, it was Edison who 
first produced a practical system, in 1874. 

The main advance upon previous know- 
ledge consisted in devising the diplex 
system, which enables two messages 
to be sent simultaneously in one 
direction. 

Diplex Working. This is accom- 
plished by providing, at the receiving 
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54. Arrangement of artificial circuit 55. Connections 
of double-current duplex. 56. Principle of Diplex 
57. Quadruplex — B side— uprighting sounder 
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The increase of current causes, of course, no 
inconvenience to the A set, as the direction 
of tho current is still controlled by the A key. 
Now if we imagine this arrangement modified 
for duplex working by 
using differential relays 
and an artificial circuit, 
we at once jump to the 
conception of the quad- 
ruplex system. 

Diplex Diffi- 
culties. Such diffi- 
culties as are experienced 
in quadruplex working 
are connected with the 
diplex principle, so it 
w r ill be well to dispose 
of them first. 

So far it has been 
tacitly assumed that 
under all circumstances 
a current, either strong 
or weak, is flowing in 
the line. Consequently 
key B must be arranged 
so that it makes contact with the larger battery 
before breaking with the smaller. For the 

smallest pract icable space of time the two ends 
of the larger section of the battery are 
connected by the increment key. 

Spark Coil. To prevent the 

sparking which would ensue owing to 
the heavy' current produced under such 
circumstances, a spark coil of 100 ohms 
resistance is inserted between the 

positive pole of the battery and the 
increment key. This removes any 

possibility of trouble from the variation 
in the strength of the current. 

When the B key is properly ad- 
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end, two relays, one polarised and one <X>NDEKSKR B SIDE justed, the A signals are good. We 
‘ ' ' have still to consider how the working of A key 

affects the B signals. 

As the A key reverses the direction of the 
current, it is evident that for an instant we have 
zero current , and if this occurs 
in the middle of a signal on the 
B instruments there is a 
tendency to splitting which 
has to be specially dealt with. 

Uprighting Sounder. 
A very ingenious method for 
overcoming this difficulty was 
devised by Mr. Gerritt Smith, 
and is illustrated in 57, in 
which the non-polarised relay, 
the uprighting sounder, and 
the reading (ordinaiy) sounder 
are shown. 

It will be noticed that the 
relay is arranged so that it nor- 
mally closes the circuit of the 
uprighting sounder, which in turn closes that of 
the reading sounder. In the ordinary case of relay 
and sounder, considered at page 5067, the sounder 
is not actuated until the relay tongue travels 
over to the marking stop. In this case, however, 
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non-polarised, connected in series to the line, 
while at the ^ending end there arc two keys 
connected in series. One of them is a reversing 
key, similar in principle to the double-current 
key, while the other is an 
increment key. 

It will be kept in mind that 
a polarised relay is affected 
by the direction of the current. 

The non-polarised relay is 
affected by currents of suffi- 
cient strength, irrespective of 
direction, but it is in this 
case specially arranged so 
that it requires a current 
three times as great as that 
used normally for working 
the polarised relay. Figure 56 
illustrates the principle. 

The relay A is worked by the 
key A, exactly as in ordinary 
double-current working. Only one-third of the 
available battery power is being used, and the 
non-polaiised relay B is unaffected. Immediately 
the key B is depressed, the strength of 
the current is trebled, and relay B is energised. 
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we see that immediately the relay tongue leaves 
the right-hand stop the reading sounder is 
affected. 

The important fact, however, is that under the 
influence of a signal current the tongue lies on 
the left stop. If any break in that signal occurs, 
unless it is so long as to allow the tongue to travel 
back to the right-hand side, no break in the signal 
on the reading sounder occurs. 

In practice, good working is 
easily attained. 

Condenser B Side. 

Recently, however, it has been 
found possible to dispense 
with the uprighting sounder, 
and its battery, by taking 
advantage of the use of a 
condenser [58]. 

The reading sounder has 


meter. The arrangement can, in fact, be 
symbolised in the manner shown in*6& 

The two-way switch between the keys is 
the line and earth switch referred to in the last 
section as being used during the balancing 
process. When turned to the right it cuts off 
the battery to facilitate adjustment at the dis- 
tant station. At the same time it substitutes 
the resistance coil shown con- 
nected to its right terminal. 
Its value is made equal to 
the resistance of the battery 
and spark coil combined. 

Current Values. The 

current strengths required for 
quadruplex working are, for 
the A side, 15 milliamperes, 
and for the B side 45 milli- 
amperes. This gives a ratio 
coils of 1,000 ohms resistance go quadruplex increment, or b key of three to one between the B 



shunted by a coil of 9,000 
ohms (joint resistance IKK) ohms). Its terminals 
are connected to a 2-microfarad condenser. A 
100-ohm resistance coil and a half -microfarad 
condenser are joined across the relay contact 
terminals to prevent sparking. It wifi be seen 
that in this device the capacity effects which 
in the line caused trouble are used 
to good purpose. The sounder can 
now be worked directly from the relay, 
and any small breaks in the signals 
are bridged over by the discharge from 
the condenser. 

The A key is similar to that shown in 
12, page 4607, but it has no “send and 
receive ” switch, and consequently the 
middle - rear terminal provided in a 
double-current key is not needed here. 

Figure 60 illustrates the B or increment 
key. The A side relay is of the Post Office 
standard form already described on page 
5067. On the B side a larger instru- 



and A currents, and practice 
has shown this to be the most suitable value. Bi- 
chromate cells are used for the main and local 
batteries. For the uprighting sounder and the 
relaying sounder three cells each are used. 
When the uprighting sounder is substituted by 
the condenser method of arranging the B side 
a battery of 13 bichromate cells is used 
for the local circuit. 

Although the quadruplex came to 
us from America, much of its present 
good working is due to subsequent 
English improvements, and there are 
now over 500 sets at work in the 
United Kingdom. 

Manual versus Automatic 
Systems. All of the systems so far 
dealt with have been of the manual 
order — limited as to speed by the ex- 
pertness with which the operator could, 
letter by letter, form the signals. We 
shall now proceed to discuss various 


ment, known as a non-polarised relay qj non -polarised systems in which automatic methods of 
0, is used, as shown in 61. The arma- relay c making the signals at high speed are 
turcs are placed obliquely between employed. It should, however, be 
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the pole-picces, and currents in either direction 
tend to attract them against the tension of the 
spiral spring. Each armature is divided into 
two sections, which are brazed together. This 
magnetic separation tends to 
rapidity of action. Differential 
winding is employed, and the ter- 
minals are marked in the same 
manner as tho Post Office standard 
relay. 

Connections. Figure 59 is a 
diagram of a quadruplex up- 
station, showing all the “connec- 
tions,” as it is usual to call them. 

Jfhe student who has given some 
reflection to the arrangement of 
the duplex will quickly see the 
system followed in arranging 
the “ quad.” He will see that the current divides 
at the non-polarised relay, and follows in 
succession through the A relay and the galvano- 
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62. arrangement of making 
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Continued 


noted that in the manual system tho three 
operations of forming the signals, transmitting 
the currents, and transcribing the signals are 
performed simultaneously, whereas, in the 
automatic systems they must bo 
. performed seriatim. These facts 
have exercised a strong influence 
in favour of manual systems 
and continue to do so to such an 
extent that in this country the 
manual sets outnumber the auto- 
matic, so far as the Post Office 
is concerned, by 25,492 to 585. 

It oan easily be seen that 
where towns separated by, say, 
500 miles are concerned, the 
inducement to save the expense 
of additional lines by using auto- 
matic methods is considerable, but even the 
longest circuits in the United Kingdom are 
worked manually. 
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are now quite ready to accept the doctrine 
of Carlyle: “Man is created to fight ; he is 
perhaps best of all definable as a born soldier ; his 
life ‘ a battle and a march,’ under the right general. 
Tt is forever indispensable for a man to fight ; 
now with necessity, with barrenness, scarcity, 
with puddles, bogs, tangled forests, unkempt 
cotton ; now also with the hallucinations of his 
poor fellow- men.” We have seen how, even 
tn the spiritual type of society which we 
have imagined, this born soldier, man, will 
have to fight with and ultimately command 
Nature (“only by obeying her”), and, still more, 
must ever fight against the weaknesses of his 
own nature. There will tie room for the soldierly 
qualities until the end of time. 

The Spiritual Type of Society. But 
now we must consider from another point of view 
this spiritual type of society, in which military 
and even industrial warfare will have ceased, and 
must endeavour to express its characters in strictly 
sociological terms — that is to say, in terms of the 
relation between individuals and society. Here 
wo can certainly find no better guide than 
Professor Hoffding. In a recent lecture to the 
Sociological Society in London, the great thinker 
of Copenhagen thus expresses the sociological 
ideal (“ Sociological Papers,” 1905. Macmillan) : 

“ If the single individual in developing itself 
in its own peculiar way gives the best possible 
contribution to the whole life of society, and if, 
on the other hand, society is organised in such 
a manner that a free and full development is pos- 
sible for all individuals, then we are approaching 
to the ethical ideal.” 

Tn the same great thinker’s “Philosophy of 
Religion,” which is surely the greatest work 
of the greatest thinker now alive, we find the 
same ideal well expressed (English Translation, 
Macmillan, page 359) : 

“Self-assertion is no longer exhibited as the 
opposite of love. For magnanimity possesses 
strength enough to support not only the indi- 
vidual's own life, but also the life of other men. 
And the highest virtue is justice, in which both 
self-surrender and self-assertion are included. 
The ideal is a kingdom of personalities , in which 
each individual unfolds his personality in such 
a manner that in this very act he helps others to 
unfold their own. This conception offers free 
scope to all those ethical elements fostered by 
Christianity which are of lasting value.” The 
italics are ours. 

The Four Kinds of War. At present, 

observe, even though we hear less of military 
warfare, we hear only too much of internecine 
warfare within the society itself. That famous old 
Dutch writer, Grotius (1583-1645) distinguished 


four kinds of war — the individual against the 
individual, society against society, society against 
the individual, and the individual* against 
society. It is the two latter kinds of which we 
hear so much to-day, and we see that in the ideal 
state as pictured by Hoffding these have 
vanished. The ideal is only the sociological 
expression of Spencer’s great discussion of tho ; 
ultimate reconciliation of egoism and altruism. 

We must go back to classical English, how- 
ever, for the finest expression of our ideal, which 
Spencer and his followers have detailed in these 
scientific times. Altering its application, we 
may remind ourselves of the fine phrase “ whose 
service is perfect freedom.” In the ideal state 
of society we shall see no more of any of the four 
kinds of war which Grotius distinguished. Each 
man’s service of his fellows will be compatible 
with his own perfect freedom. In a word, the 
social ideal is anarchy— the higher anarchy. 
To this we may hope to return. 

The First Fact about Society. We 
have now discussed war as fully as our space 
will permit. We have seen in it a means 
which has been employed in the organisation 
and development of society. Even the wars 
of religion, perhaps, may show to the seeing eye« 
the “soul of good in things evil.” Wo have 
refuted the popular doctrine that men decay 
unless they fight, and unless they fight with 
fist or gun ; but have admitted that man must 
always struggle or strive, and we liavo endea- 
voured to point to the direction which the evolu- 
tion of human strife is taking. Now, having 
considered the fundamental social institution — 
marriage and the family — and this great factor of 
struggle between and within societies, we must 
turn our attention to the larger outlines of the 
constitution of society, and though we may 
begin with far-away biology, we shall find 
ourselves, before long, grappling with the most 
urgent political question of the hour. 

The fundamental fact of sociology, which con- 
stitutes the differentia of our science, is that 
society is not an aggregate but an organism — 
not a heap of bricks, but those bricks built up 
into a building. Thus, the problems of society 
are not simply the problems of the individual 
multiplied by the numl>er of individuals within 
the society. This is the first fact which we have 
to study in regard to the constitution of society. 
It is fundamental because it is true of all societies, 
and is not affected by forms of Government. 
It is true of a democracy or a monarchy, of a 
communistic or an individualistic state ; and 
this study of society as an organism yields us 
facts and principles of universal application by 
which we may be enabled to judge the relative; 
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worth of such varying forms of external con- 
stitution. Similarly, for instance, the biologist 
has to study such markedly contrasted organisms 
as an oak and a horse ; but though the external 
constitution of the two is so different the 
fundamental fact of the two is the same — the 
interdependence of the unit and the whole. 

St. Paul as a Sociologist. The idea of 
comparing society to a living creature is very 
old and very celebrated ; and the significance of 
the comparison has been found to grow with the 
growth of any sound sociology. If we go back 
even to Socrates, the immortal founder of the 
supreme science of ethics, we find his pupil 
Plato, to whom we owe all that we know of 
the teaching of Socrates, conceiving of society 
as an organism. A few centuries later, we 
find St. Paul, who was a philosophical genius 
of the highest order, repeatedly employing the 
image in question. Through the whole of his 
epistles we find him comparing the early Christian 
Church to a living body, and using the compari- 
son as the basis of many valuable arguments. 

‘ The present writer thinks that sociologists have 
not adequately recognised the place of St. 
Paul in the history of this subject. Wc may 
quote from the twelfth chapter of the Epistle 
to the Romans a typical instance of St. Paul’s 
employment of this figure : “ For as we have 
many members in one body, and all members 
have not the same office : so we, being many, 
are one body in Christ, and every one members 
one of another.” 

From the same age and from Rome itself, we 
may quote the classical fable of the rebellion of 
the rest of the body against the privileges of 
the stomach : “ There was a time when all the 
body’s members rebelled against the belly.” 
iShakespeare uses this with great skill in 
“ Coriolanus,” Act i. Scene 1, where he makes 
Menenius employ this argument against the dis- 
contented citizens, saying. “The senators of 
Rome are this good belly and you the mutinous 
members,” and contemptuously calling one of 
the complainants who was prominent but con- 
temptible, “ the great toe of this assembly.” 

In more recent times we have that remarkable 
genius, Hobbes, who wrote the great book “The . 
Leviathan,” in which, as the title suggests, 
he compares the State to a huge animal. 

The Social Organism. But it is not 

until the time of Herbert Spencer that we find 
this ideal worked out with adequate knowledge. 
For one thing, his predecessors had not known 
enough about the structure of individual 
organisms to enable them to make anything 
but merely general or poetic comparisons. 
When Spencer came to the subject, certain 
1 great facts had lately been discovered, and 
he used them like the consummate genius 
that he was. The cell theory had lately been 
advanced. Fortunately, there is no need for 
us to discuss its meaning here, since the reader 
Has been well prepared by other courses. In 
5 1850, then, in his first book, “ Social Statics,” 
a#d notably in his great essay on “ The Social 
Organism,' 1 published in 1860, and now to be 


found in the first volume of his republished 
essays, Spencer introduced that # phrase “the 
social organism ” — convenientlycontrasted with 
the individual organism — which, like so many of 
his ideas and phrases, is now employed every day 
as an instrument of argument and of thought. 

A society of electrons constitutes an atom, as 
we have lately been studying, a society of atoms 
a molecule, a society of molecules a living cell, 
a society of cells an individual organism, and 
a society of individuals a social organism. 

A Great Man's Great Error. As we pass 
upwards in this scale, and reach the three living 
units which constitute its last three terms, we 
find illustrated more and more abundantly that 
great principle which Milne-Edwards, the French 
student, called the “ physiological division of 
labour ” — the differentiation of function and of 
structure, so that the part becomes not merely 
or not at all an end in itself, but merely a servant 
of the whole. We have seen how completely 
this was recognised by St. Paul, and in the 
Roman fable, as true of the individual organism 
and of the social organism. We now know that 
it is absolutely true of the colls — with nucleus, 
centrosome, and so on — which constitute the 
units of all individual organisms ; and if we 
recognise the family as the unit of all higher 
societies, we can recognise the physiological 
division of labour in it also, only it is now 
more than physiological and has become socio- 
logical : the mother has one function and the 
father another. 

Only very briefly here need wo consider the 
working out of the last and most important part 
of our analogy — the analogy expressed by Hobbes, 
though with many fundamental errors, when 
he speaks of “ the great leviathan called a 
Commonwealth or State, in Latin civitas . 
which is but an artificial man.” The last word 
in the whole world that is true hero is the 
word artificial. Both Plato and Hobbes fell 
into this fundamental error — that societies are 
artificial structures “ to be consciously put 
together by men, just as a watch might be.” 

Societies are Natural and Inevitable. 

As Spencer points out, they thought that “ what 
is in its nature an organism is in its history a 
machine ! ” We see exactly the immeasurable 
difference between Spencer’s conception— the 
conception of the author of the idea of natural 
evolution— and that of his predecessors when 
we discover that Hobbes “ even goes so far as to 
compare the supposed social contract, from which 
a society suddenly originates, to the creation of 
a man by the Divine fiat.” We now know that 
man was not so created — nor any societies. We 
utterly reject the hypothesis of manufacture in 
both cases, and we believe it to be true of man 
as well as societies that “ constitutions are not 
made but grow.” Furthermore, the growth of 
societies is as inevitable a consequence of, the 
laws of Nature — which, as we must nevor forget, 
include the laws of human nature — as is the 
growth of individual organisms. In 8penoCr’s 
words : “ While each citizen has been pursuing 
his individual welfare, and none taking thought 
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about division of labour, or conscious of tho 
need of it, division of labour has yet been ever 
becoming more complete. . . By steps so 
small that year after year the industrial arrange- 
ments have seemed just what they wore before — 
by changes as insensible as those through which 
a seed passes into a tree— society has become 
the complex body of mutually-dcpendent workers 
which we now see. And this economic organisa- 
tion, mark,* is the all-essential organisation. 
Through tho combination thus spontaneously 
evolved, every citizen is supplied with daily 
necessaries ; while he yields some product or aid 
to others. That we are severally alive to-day, 
we owe to the regular working of this combina- 
tion during the past week ; anti could it be 
suddenly abolished, multitudes would be dead 
before another week ended.” 

Individuals and Societies. Wc need 
not now concern ourselves with the comparisons 
of Hobbes, some of which are very good and 
some very bad. Nothing could bo worse 
than his comparison of tho sovereignty to 
“ an artificial soul as giving life and motion 
to the whole body.” On the other hand, this 
is good: “Councillors, by whom all things 
needful for it to know are suggested unto it, 
are the memory. . . . Concord, health ; 

sedition, sickness ; and civil war, death.” 

In the light of modem knowledge wo may 
venture to quote our own comparisons : “ The 
governing mechanism of a society corresponding 
to the nervous system ; the manufacturers to 
the glands, permanent officials to the bones, 
traders to the circulatory apparatus, soldiers and 
scavengers to tho white blood cells — and so on.” 

But now we come to that which gives 
the whole analogy its value — that for which 
we are lastingly indebted to Spencer. His 
summary of the points of resemblance, between 
the individual organism and the social organism 
is well worthy of quotation, especially as it 
can only be obtained in a very expensive 
volume. Wo give it here; and then we would 
ask the reader, before proceeding any further, 
to sec whether he cannot anticipate for 
himself the equally important question of the 
points of difference \ 

Herbert Spencer’s Comparisons. The 

points of similarity between societies and in- 
dividual organisms are these : 

1. “ That, commencing as small aggregations, 
they insensibly augment in mass, some of them 
eventually reaching ten thousand times what 
they originally were. 

2. “ That, while at first so simple in structure 
as to be considered structureless, they assume 
in the course of their growth a continually 
increasing complexity of structure. 

3. “ That, though in their early, undeveloped 
states there exists in them scarcely any mutual 
dependence of parts, their parts gradually 
acquire a mutual dependence which becomes 
at last so great that the activity and life of each 
part is made possible only by the activity and 
life of the rest. 

4. “ That the life of a society is independent 
of, and far more prolonged than, the lives 


of any of its component units, who are severally 
born, grow, work, reproduce, and die, while the 
body-politic composed of them survives genera- 
tion after generation, increasing in mass, in 
completeness of structure, and in functional 
activity.” 

The Difference between Individuals 
and Societies. It is to bo hoped that the 
reader has anticipated what we are about 
to say. At a certain point the analogy between 
the individual organism and the social organism 
breaks down utterly, and the value of the 
analogy lies in its demonstration of the point 
of difference. There are other points of 
difference discussed by Spencer, but they 
arc relatively trivial ; there is only one 
which is vital. Wo recognise it directly we 
ask ourselves the end or object in either case. 
The object of the individual organism is its oum 
life . Jx)t the reader take his own case. All 
t he cells and parts of his body have no meaning, 
purpose, or value as ends in themselves ; they 
are means merely to one end — his life. He 
cares nothing for any part of his body except as 
it ministers to his well-being. “ In washing my 
bands I write an indistinguished finis below the 
history of millions of my cutaneous colls ; yet 
J never waste another thought on them. I prefer 
my hands clean, and there’s an end on’t.” We 
may turn again to the Bible for the supreme 
expression of this truth — the truth that no part 
of tho body is of any worth or meaning except 
as it serves the self : “If thy hand or foot offend 
thee, cut them off and east them from thee. . . 

And if thine eye offend thee, pluck it out and 
east it from thee.” Tho hand, the foot, the eye 
have no claims on their own account, and may 
be destroyed —nay, must be destroyed— -if they 
do not serve their owner. 

Society has no Self. And here is 
where the analogy breaks down. We know 
what we mean by the welfare of the self, 
but what do we mean by tho welfare of 
the State or body-politic ? Society or the State 
has no Self. Says Spencer : “ It is well that the 
lives of all parts of an animal should be merged 
in the life of the whole, because the whole has a 
corporate consciousness capable of happiness or 
misery. But it is not so with a society, since 
its living units do not and cannot lose individual 
consciousness, and since the community as 
a whole has no corporate consciousness. This 
is an everlasting reason why tho welfares of 
citizens cannot rightly be sacrificed to some 
supposed benefit of the State, and why, on the 
other hand, the State is to be maintained solely 
for the benefit of citizens. The corporate life 
must here be subse rvient to the lives of the parts 
instead of the lives of the parts being subservient 
to the corporate life. 

This conclusion of Spencer’s is absolutely in 
accord with the fine expression of the social ideal 
which wo lately quoted from Professor Hoffding. 
That ideal fully recognises that the welfare of the 
State, unless it mean the welfare of its individual 
citizens, is nothing. “ Only in the consciousness 
of individuals can the value of life be experi- 
enced.” Life is personal or nothing — human 
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life, that is to say* A few chapters ago we alluded tion to the level of the ant-heap or the beehive — 

to a contrast which will serve us here. a level which, despite its beauty *of organisation 

Man and the Beehive. In our brief and its success, we will yet call degraded., 

attempt to cover an infinite subject we have been Estimate it in terms of worth, estimate it in 

able merely to allude to that department of it terms of ethics, in terms of consciousness, and 

which we may call Comparative Sociology. This it is naught. It is merely an animated machine 

study is only in its infancy, even though a good which has sacrificed to life all that makes life 

deal of attention has lately been paid to the worth living. 

societies of the social insects. Yet even already, The Worth of the Individual. Yet, 
as it seems to the present writer, we may learn again, what do wo find in the society which 
a lesson from the beehive. has completely carried out the analogy between 

In this case the evolution of society has the individual and the social organisms, in 

taken a course of its own. Life is no longer which the individual is not an end in itself 

personal life, but communal life. In the any more than the cell of the reader’s epidermis is 

beehive the individual unit is of no importance an end in itself ? If such a state of things were 

as an end in itself, and the same is true to lead to something higher, then, though wo 

in the anUhill. Neither of these institutions might deplore it as an end, we should welcome 

will give anything for our doctrine that “ only it as a means to the higher end. What, then, 

in the consciousness of individuals can the value is the condition of such a society in relation to 

of life be experienced.” The beehive does not progress ? The answer is that the constitution 

caro a straw for the consciousness of individuals. of such a society involves the utter destruction 

The individual worker or drone is of just the same of all the factors of progress. In such a society 

importance to it as a cell of your skin is to you. there is no place for individuality, character, 

When the cell has done its work you wash it off or genius. It will bum or hang or poison its 

and cast it to the drains. Similarly, when the genius as surely as the Athenians poisoned 

individual of the beehivo has outlived its use- Socrates, and it will never advance an inch, 

fulness, it is quietly made awav with, just as Such a society lives only in name ; it is a clever 

savage tribes make away with their old people. and efficient machine, but it is as essentially 

The beehive shows us the analogy between the and spiritually dead as the engine of a motor- 

individual and the social organism carried out to car. Men and women, living personalities such 

the uttermost. The welfare of the individual is as ourselves, can pronounce no other verdict 

naught here as compared with the welfare of upon it. Life is either a matter of personality 

the State. The analogy that breaks down so or a stage towards the development of personality 

signally in the case of human society holds here — or else it is mere “ putrefaction of the dust 

all along the line, and Spencer’s “ everlasting “ A tale 

reason ” is null and void. Told by an idiot, full of sound and fury, 

* Beyond a doubt, the consequence of the Signifying nothing.” 

subordination 01 the individual to the society Society is More Than an Efficient 
achieves the end for which it is compassed, and Machine. The society, then, in which the 

► there can be that the same would welfare of the individual is no end in itself, in 

be true in humanTmfiP^. In coming years, it which individuality and personality are criminal 

seems, we shall be making the experiment, as nuisances, such a society may be as efficient as 

if the whole of the history of life, including a beehive and as persistent as the insects; 

the life of the bee, did not already include a but it has said to itself, “ Thus far and no 

recoixi of this experiment. further,” and it is as dead as any steam- 

Life at the Level of the Ant«heap. engine. Worse, indeed, is its state, for there 

In general, life obtains what it strives for. is no spectacle so lamentable as that of life. 

In this case the object is the security and whether insect life or human life, which has 

stability of the society. To this object the* thrown away the substance for the shadow 

individual is ruthlessly sacrificed, and this object — the society wherein men and women toil for 

is attained. The ant-hill and the beehive arc that which is not broad merely in order that 

typical instances of social stability and efficiency. the social organism may be an efficient machine, 

They can hold their own against other societies, military or industrial. 

and they have persisted for millions and millions It now remains for us to ask ourselves 
of years. Bees and ants, be it remembered, arc the conditions under which we may hope to 
not even vertebrates; they are mere Insecta, and realise the ideal expressed by Hoffding. The 
had their origin before even the earliest fishes, beehive and the ant-heap show us the perfect 

and they thrive to-day. fulfilment of the first half of that ideal. “ The 

But what is it all worth ? The whole existence single individual, in developing itself in its own 

of such a society, where the individual is nothing, peculiar way [cf. the unsexed worker-bee], 

is itself nothing. What is lost if the ant-heap gives the best possible contribution to the 

be destroyed ? Simply an ant-heap — simply a whole life of society.” But the other half of 

living machine which had sacrificed everything the ideal, the consecration of the “ whole life 

else, everything that makes life worth living, of society ” to the worthy, full and free develop- 

to the mere maintenance of a life that was not ment of each individual — this has been made 

worth living. No more horrible prospect can for ever impossible, 

be conceived for human society than its degrada- How is it to be made possible for us ? 

Continued 
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these are the matrices. In the vertical edge of 
the little plate a die of a letter is deeply cut 
1 11a]; the triangular cut in the head is 
grooved [116], and the proportions of the 
grooves in every matrix are 
different. The motion of the 
key rods, 0, releases B, the 
check escapement of the ma- 
trices, letting the proper matrix 
drop down the channel below, 
and on to the flying belt, which 
bears it to the assembling block, 

G, at the side. The space 
wedges, I, come from a box. If, 
through a channel of their 
own, but in obedience to a 
similar call, and slip between 
the words. 

The Moulding of the 
Type. Though scarcely full, 
the line will not hold another 
word or syllable. But the 
operator does not pause to 
justify ; he merely presses down 
a handle on the right of the 
keyboard, and begins another 
line, and the neglected line moves on to the 
face of the mould- wheel, K, where the wedge- 
like spaces are driven up to fill out the line [13]. 
The mould-wheel carries a mould in which a slot 
is cut, the exact breadth and depth of the type, and 
on to this the matrices 
clamp, forming a complete 
mould. Behind the wheel 
is the metal-pot, M, con- 
taining type metal, kept in 
a liquid state by a gas 
burner, with an automatic 
plunger pump. When 
the mould- wheel has got 
into position, the metal- 
pot comes forward and the 
spring plunger jerks 
a jet of metal into the 
mould, casting the 
line of type. This 
done, the mould- 
wheel turns round 
and sets the line on 
end, level with the 
trimming knives, 

From Ijehind comes 
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a pushing blade that 
drives out the line 
into a little galley in 
front of the machine. 

While all this has 
lieen going on our 
operator has been 
sotting another line, 
and before it is com- 
plete, the mould- 14 * diagrammatic view of linotype machine 
wheel is waiting to begin another round. The 
older engineers could not trust their contrivances 
to do more than purely mechanical work 
under constant supervision, but here one act 
brings on another, and oven impetus is taken 
advantage oi* with cunning skill. Take, for 
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example, that slanted belt and # the matrix 
channels lengthening from right to left. The 
assembling block is at the left side, and if not 
otherwise guarded against, the matrices on the. 

right side of the machine would 
have to travel more than double 
the distance of those on the left. 
Note, however, that the chan- 
nels on the left are nearly as 
long as the breadth of the 
magazine, while those at the 
right side are shorter. The 
comparative brevity of the 
channel, and the speed of the 
flying carrier belt, enables 
the. most distant matrix to 
arrive at the assembling block 
in I he same time as the nearest. 
Say capital X is at the far side, 
and small *‘e” is just above the 
assembling block. X has to 
drop do\Vn its short channel 
and fly along the belt, while “ e u 
has only to drop down its long 
channel; but no matter how 
quickly you strike “e ” after 
X, the X will get there first. 

Distributing by Machinery. When 
a line is cast, the matrices must he distributed, 
or cleared out of the way, and here again the 
automaton acts without direction. The used 
matrices are lifted up to 
the top of the machine by 
means of an elevator, R, 
and given into the grip of 
a distributing bar, T, fixed 
over the mouths of the 
matrix channels [ 12] of the 
magazine. Along this bar 
1 he matrices arc moved by 
means of three endless 
screws, and, the bar being 
cut. into wards corre- 
sponding to the grooves 
in each matrix, each 
drops into its proper 
channel. The arrows 
and dotted lines in the 
diagram indicate the 
course followed by the 
matrices. 

To get the most out 
of a machine so finely 
adjusted, the oper- 
ator should not 
, . merely learn his key- 

board, but should 
make himself ac- 
quainted with all its 
parts, so as to feel the 
least hitch and 
remedy it at once. 
He must also keep in mind that even the 
smallest correction involves the resetting 
of a line, and an “ out ” may call for 
setting a whole paragraph over again. The 
machine has great advantages and small dis- 
advantages, and the latter can be minimised by 
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careful workmanship. An average Linotype 
operator is able to produce as much as five 
’ hand compositors, but an expert will easily 
double that speed. The illustrations 10-14 have 
been supplied by the Linotype and Machinery, 
Ltd. 

The Monotype. The Monotype is another 
triumphant combination of 
modem mechanical ideas. 

The typewriter, the pneu- 
matic tube, the telegraphic 
ribbon, the cone drum, the 
Jacquard weaving appar- 
atus, and ‘several other new 
ideas have been utilised by 
tho inventor of the Mono- 
type. Properly speaking, it 
is not one, but two ma- 
chines, the one with the 
keyboard producing the 
record [15], and tho other 
casting the type [16]. The 
keyboard is of vast extent, 
having no fewer than 257 
keys, thirty being space 
regulators, 225 for letters, 
spaces, and signs, and tho 
other two for justifying 
scale and roversing actions. 

At the back of the board is 
a ribbon of paper, rolling 
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off one spool on to another, and, unseen Ixdow, 
rest 31 punches. A pneumatic pump drives air 
into the keybank at a pressure of 15 lb. to the 
square inch. These are tho tools of our machine, 
and now see how they work. 

Punching the Ribbon. When a key 
is depressed, it 
releases the cur- 
rent of air, which 
drives one or two 
punches into the 
ribbon, as the case 
may be. Every 
key releases a 
different pneu- 
matic combin- 
ation of punches, 
making different 
patterns on the 
ribbon, trans- 
lating tho copy 
into a perforated 
record, similar to 
the telegraphic 
tape or the phonp- 
graphic cylinder. 

The spacing and 
justifying ar- 
rangement is in- 
genious. When 
the line is set, or 
rather punched, to within four ems of the end, a 
bell rings, and as the operator puts in the last let ter 
he can get into the line, he touches a green key 
that Indicates two numbers on the justifying 
Scale drum. Obediently he presses these, and 
the intelligent machine, having previously kept 
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count of the number of spaces in the line, 
proceeds to make a record on the paper which 
will give exactly tho proper addition in thick- 
ness to each space. 

Casting and Moulding. The spool 
with the ribbon record is now taken to the 
casting machine which looks very complex, 
but is iti reality simplicity 
itself, the machine really 
lx?ing throe put in one. 
First, there is the casting 
machine proper, with its pot 
of molten metal and forcing- 
pump and valve, set below 
the mould holder. Secondly, 
the die case ready to direct 
the matrices on to the mould 
as required. And thirdly, 
pneumatic apparatus that 
directs tho setting of the die 
on the mould, under tho 
direction of the perforated 
paper or ribbon rocord. 
Now wo can follow the 
whole action. The per- 
forated tape moves forward 
one marginal perforation 
under the air-pressure bar, 
releasing the air to propel 
the mechanism of the die- 
case, and placing the matrix 
[17] required into its proper position to the 
mould ; the matrix-case [ 18] adjusts itself to 
the mould, to the top of which the matrix is 
clamped ; the force-pump injects the molten metal 
and the type is cast ; the matrix-case lifts itself 
from the mould, and the carrier bears the type 

into a channel, 
where the line 
huikls itself up. 
At the end of the 
line the casting 
operation and 
type-pusher stops 

and the galley 
gate lifts to per- 
mit of tho line 
b e i n g a u t o - 
matically pushed 
into its place on 
tho galley. 

Whilst one type 
is being delivered 
into the channel 
another is being 
cast in the mould, 
hence tho rapid ty 
of the w h o 1 e 
operation. 

So long as type- 
metal and per- 
forated paper are 
supplied to the machine the production and 
composition of type continues unchecked. Tho 
illustrations 15-18 have been supplied by tho 
Lanston Monotype Corporation, Ltd. 

On tho relative merits of these, two thought- 
saving machines it is not our province to give an 


Front view 
MACHINE 


PRINTING 




opinion. The Linotype is probably the handier 
and better suited for newspaper work ; the 
Monotype is the more mobile, and presents a 
larger range of letters at one time. Movable 
type has its advantages, but the solid line is 
more easily handled. Looking at them both, 
the wonder in our minds takes the form of 
the inquiry. 

What next ? 

The transition 
from the 
monotype re- 
cord to the 
phonographic 
record is very 
small. Will 
any genius 17. monotype matrix 
make the (Mm*h enlarged) 

bridge, and change spoken words into solid type ? 

A Look Round the Composing*room. 
It must not be understood that a composing- 
room is only a place for setting type, and wholly 
furnished with composing frames. Set at 
places convenient for the business, stand tall 
frames called racks, holding as many as thirty- 
live eases in them. These eases are tilled with 
various kinds and sizes of type, some bolding 
large sizes, some small type rarely used, and 
others fancy types of all sorts and sizes. We 
have mentioned the leads, the slips of metal 
which the hand compositor uses to make space 
between the lines of type; there is a rack 
containing nothing but cases of leads, ranged 
between slips of wood in sizes from four-ems up 
to sixty. When the compositor needs leads, he 
goes to this rack, draws out the ease containing 
the size ho wants, and lifts out a handful. 

The Brass Rules. In many offices, 
there is another set of eases most important to 
th r compositor. These are what they call the 
hr ass -rule cases. Here, in neat boxes, exactly 
fitted to the varying and graded lengths of the 
rules, lie the slips of brass that print t lie column 
linos, cross-lines and other sorts of lines, needed 
in tables, or matter that requires marks of 
separation between one part, and another. 
One case holds the thin brasses — eight-to-pica, 
as they are named — and on the side the length 
of each is engraved, usually running from two- 
em up to 40, The next case holds thicker 
brass rules, six-to-pica. Another is full of what 
are called fancy brasses, thick and thin, long 
and short, waved, starred, double, triple, and 
variously designed, for ornament. Then, in all 
newspaper and most other offices, there are what 
they call column rules, generally t\vo-to-pica, but 
graduated to a thin line on the face. To produce 
the heavy black lines in obituary notices the 
column rules arc just turned bottoms upward. 

Th© Furniture. Borders, fancy dashes, 
and other ornaments belong to the jobbing 
department, and we shall see them when that 
department is entered. But there are many 
things yet to l)e seen in the composing-room, 
necessary to all printers. The spaces between 
pages, blank pages in books, and large breaks 
m between one piece of typo and another, arc 


all tilled in with *\vhut is called furniture. Fur- 
niture is made of wood and metal. Look at a 
case of metal furniture first. It is made up to 
pica both in length and thickness, and begins 
at four-em broad by onc-em thick. Next aro 
the two-om thick, and these seem like two 
pieces cast together v the three-em have holes 
in the middle, and the four-em are made 
hollow squares. This principle is followed in 
all sizes of metal furniture, for obvious reasons 
of economy and to render the weight of metal 
as light as possible. Excepting the smaller 
sizes, every breadth of furniture runs up to 
eight-ems thick, and a solid bar of lead 15 in. 
long by about 2 in. thick would be rather 
difficult to handle. Wood furniture is mado 
of seasoned oak and supplied in lengths which 
the printer can cut up to suit himself, the thick- 
ness being graded in the same way as the metal 
furniture. Metal furniture is more liable to 
break in use. but is more rigid, and better 
suited for small spaces. 

Galley and Forme Racks. Round 
the room there arc numerous other racks and 
stands. This tall, narrow frame is a q alley rack , 
and into it. are slipped the galleys full of type 
awaiting making up into pages, author’s cor- 
rections, or sometimes a dilatory compositor’s 
correcting. Reside it stands the galley press , 
an iron stand like a long, narrow table, railed 
on both sides with a heavy iron roller covered 
with felt resting on the rails. The galley to 
be proofed is laid on the table, rolled with ink, 
covered with a slip of paper, and run over with 
the heavy roller, the result being a slip galley proof. 
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Then there are forme racks, holding in vertical 
position sets of pages of type locked firmly in 
iron frames technically called chases ; racks 
for keeping in good order the iron chase frames 
themsel ves ; long tables covered with type, some 
of it tied up for keeping, some of it awaiting 
distribution ; and, most conspicuous of all, 
the large, heavy tables, iron-topped, called 
imposing stones, the uses of which we describe at 
length on a later page. 
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A SHORT DICTIONARY OF TERMS USED IN PRINTING 


ACCENTS— Accented letters. 

Ads.— Advertisements, 

Apfon— Flap of paper pasted on matrix. 
Ascending Letters Utters with heads 
extending above body, as b> d, f, h. 

BACK MARGIN— Inner edge of page. 
Bank-Bench for sheets of hand press. 
Bastard Fount— Type with body out of 
proportion to face. 

Bastard Title— Abbreviated title-page. 
Beard— Space Oil body of type allowed 
for ascending and dtsceuding letters ; 
also called shoulders. 

Bearer — Typo-high metal, used to 
modify impression. 

Bed— Type-carriage. 

Bevel— Sloped edge of stereotype plate. 
BUI— A poster. 

Bind— Obstruction of type in locking-up. 
Blanket— Impression pad of wool, felt, 
or rubber. 

Blocks— Mounted plates, or woodcuts. 
Board— Flat piece of wood for holding 

Bodkin— An awl used in correcting. 
Body— Shank of a letter ; page without 
headlines, folios, or footnotes ; book, 
without preface, title-page, <»c. 
Bourgeois- Size of type 9 points). 
Boxes— Divisions of type-case. 

Brace— Sign of inclusion, coupling. 
Brass Rules— Slips of brass used for 
printing lines. 

Break— End of a paragraph. 

Brevier— Size of type (8 points). 
Brilliant— Size of type (3 points). 
CAP.— Capital letter. 

Case— Shallow wooden t ray divided into 
compartments for holding loose type. 
Cast— Moulded metal, type or plate. 
Cast Blackening of sheet at second 
impression by cylinder or tympan 
fouled by Ink from tlrst printing. 
Casting- box— Iron 1 k»x, forming, 
the matrix, the mould of type 
stereotype plate. 

Cast-off- Calculating length of MS. 
Catch-line— Words at head of galley 
denoting contents. 

Chase— Iron frame in which type is 
locked. 

Clicker — Workman w1h> distributes 
copy and makes up pages or columns. 
Clump— Type-high metal, put round 
pages to be stereotyped. 

Coffin— Type - carriage of press or 
machine. 

Copy— Manuscript. 

Cuts— Woodcuts, or illustrations. 
Cylinder— Horizontal roller on print* 
. Ing machine. 

DESCENDING LETTER8 Letters 
with tails below* the body, as g, p, q, y. 
DlS .— 1 Type ready for distributing back 
• into case. 1 

Dressing— Placing forme on machino, 
and preparing cylinder. 

BLBOTRO— Electrotype plate ofpago 
or picture. 

Em-quad— Space the square of depth 
. of type body 

English— Size of type (14 points). 
En-quad— Half of cm. 

FAOE— Tho letter on the type. 
Footstlck— Half-wedge put fit bottom 
of type in cliase, for lock-up. 
Fore-edge— Outer margin of page. 
Forme— Type lockod in chase ; specially 
applied to groups of pages. 

Frame— Wooden or iron structure hold- 
ing type-cases, forming bench for cases 
in use. 

Friar— A light mark on printod sheet. 
Frisket — Paper-covered frame, with 
opening cut to size of type ; folded on 
the tympan. to protect the sheet. 
Furniture— Metal or wooden blocks for 
spacing between pages. 

Flong — Substance of stereotype matrix. 
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GALLEY— Tray for holding type when 
it is set. 

Galley Press— press for proofing typo 
on galley. 

Galley Proof- Slip printed from galley. 

Gem— Size of type, (4 points). 

Great Primer-Sizo of type (18 points). 

Gripper- Bar set on cylinder to take on 
sheets. 

Gutter— Space between pages In forme. 

HAIR 8 PACE— Thinnest of spaces, 
eight to the oin. 

Hand Roller— Ink roller of hand press. 

Hoe— A rotary printing machine. 

Hot Plate— Steaiu-heated pluto for dry- 
ing stereo matrix. 

IMPOSING STONE -Table ori which 
set typo is prepared for printing or 
stereotyping. 

Imposing Schemes— Method of placing 
pages so that they will print in order. 

Impression— Stamp of type on paper. 

Impression Cylinder Cylinder carry- 
ing and impressing the sheet on type. 

Imprint — Name and address of printer. 

Indent— Space shortening Hint line of 
paragraph. 

Inferiors -Index figures or letters, 
smaller than type body, ranging with 
lfottom of letters. 

Inner Forme- Set of pages containing 
the second and second last pages of a 
sheet. 

Italic — Slfqnnfi fti i*. like thin. 

Inset— Supplementary matter. 

Inverted Commas— Quotation marks. 

JOB— Any work not al>ook or pamphlet. 

Jobbing— Doing odd work; commercial 
printing ; small jobs. 

Justify— Spacing out the line ; setting 
different sizes of type to each other. 

KISS— Rollers coming into contact. 

Knocklng-up-Makingshcetsiiceveiily 
over eaeii other. 

LAY OF CASE— Arrangement of type 
in case. 

Leads— Lead slips used for putting 
spaces between lilies. 

Linotype— Type setting machine, pro- 
ducing solid lines. 

Lockinu-up -Wedging type in chase. 

Long Primer- Size of type no points). 

Lower-case— Small letters of Miealpha- 
bet ; the case used for the small letters. 

Lye -A type-cleansing liquid, usually 
made of potash. 

MS.— Author’s copy, 

Make Even— Finishing copy at. end of 
line. 

Make-up— Putting type together into 
pages or size of job. 

Making Ready -Preparing tympan or 
impression cylinder for printing. 

Matrix— Mould of type or plate. 

Measure— Length of lino, expressed in 
ems of pica. 

Minion— Size of type (7 points). 

Minnikin— Size of type (3* points). 

Modern— Plain Roman type. 

Monk— Black spot on sheet, caused by 
inkstain or other dirt. 

Monotype — Machine which moulds, 
easts, and composes type in single 
letters. 

N. P.— Now paragraph. 

Nicks— Marks on front of type shank. 

Nonpareil- Shu of type (<i points). 

O. 8.—' Old stylo. Modern imitation of 
antique type. 

Octavo— Sheet folded into eight leavos. 

Outer Forme— Forme containing first 
and last pages of a sheet. 

Overlay— 'Sheet patched to produce 
good impression. 

Over-run— Altering the measure of 
type to take In corrections, or to go 
round an illustration. 


PACKING— Sheets of paper aud blanket 
in tympan or on cylinder to graduate 
impression. 

Pearl— Size of type (5 points). 

Pitch— Adjustment, of type to cylinder. 

Pica— 8izo of movable type first used; 
standard of measurement (12 poiuts). 

Pie— Typo thrown into disorder. 

Planer— Flat block of wood for levelling 
down type. 

Platen— impression plate of hand press 
or machine. 

Point — One-twelfth of pica. 

Points— Steel pins fixed on forme to 
secure register of pages. 

Process Blocks — Illustrations pro* 
duced by a photographic process. 

0AD8— Spaces larger than em. 
uurto— Sheet folded twice, giving four 
leaves. 

Quoin— Wedge, for locking type in 
chase. 

RACK8— Holders for cases, chases, and 
tools. 

Reader— A corrector of proofs. 

Register— Printing pages of ouo leaf on 
the back of each other. 

Reglet— Wood slips for spacing bill 
lines. 

Rollers— Ink distributors. 

Roman— Common type, not italic. 

Rotary— Type-cylinder machine. 

Rough Proof' Rough impression of 
type pulled for correction. 

Ruby— Size of typo (f>l points). 

8AN8ERIF— Form of type without 
fine strokes at terminations of lines. 
Like this: 8AN5ERIF. 

Screw-chase— t base fitted with screws 
for locking up instead of wedges and 
quoins. 

Serif -Fine lines at ends of letters. 

Setting-stick -Tool into which the 
compositor sets type. 

Setting-rule - Slip of brass against 
which the compositor sets, shifting It 
line by line. 

Shooter -Wedge for driving quoins. 

Sidenotes— Notes on margin of page. 

Sideslick — llalf-wedge laid on side of 
page for locking-up. 

Signature— Printer’s letter to mark 
number of a sheet— »>., in a book, iVc. 

Small cap.— Capitals same depth in face 
as lower case. 

Small P ca -Size of typo (11 points). 

Sl»»r— Defective impression. 

Sorts— Special letters of a fount. 

Spaces— Type without fact* for making 
space between words. 

Superiors— Tudex figures or letters, 
very small, and east to range with top 
of Jotters. 

TAKE— A share of copy. 

Thick Space— space, three to the em. 

Thin Space— space, five to the em. 

Tweezers— Small pincers for pickini 
out letters. 

Tympan— Parchment-covered frame on 
hand press that carries the sheet ou to 
type. 

UNDERLAY— Sheet or patchings put 
under type to regulate impression. 

Upper-case— Capitals ; the ease used 
for capital and small capital letters, 
figures, etc. 

VIBRATOR ROLLERS— Rollers con- 
veying iuk from ductor to ink slab. 

WAVER ROLLCR8 — Rollers set 
diagonally to distribute the iuk. 

Web Machine— Machine supplied with 

W rnper from a reel. 

Pong Fount — Letter of different 
character from the fount being used- 
marked w.f. ou proof. 
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By Dr. J. BRUHN 


'"THERE are few professions more interesting and 
* fascinating than that of the shipbuilder. To be 
familiar \rith all the various details and conditions 
affecting the immensely complex floating structure 
that constitutes a modern ship requires a general 
knowledge of nearly every natural law, and more 
or less proficiency in other branches of engineering 
science. Moreover, its connection with the sea 
will probably, to most young minds, give this 
profession additional charm. The builder of ships 
mis existed almost as long un the builder of dwell- 
ings; he has held as honourable a position in human 
society, and added his share to the progress of the 
world, although his material was not, in the past, 
so durable as that of iiis brother builder on land ; 
and his structures have, therefore, and on account 
of the precarious nature of the sea, not been left 
for successive generations to admire. 

How to Become a Shipbuilder. One 
who wants to become a shipbuilder ought, in the 
first instance, to aim at a sound general education. 
It will form the broad basis for the specialised 
knowledge required to grasp the? principles under- 
lying all the many intricate problems with which 
a naval architect is called upon to deal, and it 
will give the breadth of view necessary to ensure 
progress by the throwing off of the fetters of 
inherited methods, when such action is desirable. 
Having acquired, as far as possible, a good general 
education, the best way to become a naval archi- 
tect is to begin to serve an apprenticeship in a 
shipbuilding yard. All the technical teaching at 
schools and colleges cannot be a substitute 
for the practical training in a place where 
actual building operations are being carried on. A 
general knowledge of ships and the art of building 
them will bo acquired duriug the apprenticeship 
prior to beginning theoretical studies, and it is 
desirable that this should be the case, as it is 
only while engaged in such real work, that the 
want of other knowledge makes itself felt, and 
the want of it is a great lever in acquiring it. 
It is desirable that the apprentice should get as 
all-round a training as is possible in the various 
branches of this many-sided profession, but the 
chief weight ought to he laid on the operations 
connected with tho manipulation of the main 

structural material. Having become fairly familiar 
with practice, the apprentice may profitably 

begin his theoretical training either by being 
alternately at the shipyard in the summer 

and at college during the winter, or by being 

engaged at the works during the day and 
studying at night. In thus alternating tho 
instruction, the two sides will naturally comple- 
ment each other, and a one-sided training will he 
avoided. With regard to the selection of technical 
subjects to be studied, it will be well not to confine 
it too narrowly to those more directly connected 
with shipbuilding. Mathematics ought to bo 
given a lending position. This subject is, unfor- 
tunately, often looked upon as something of no 
praotioal value. This view originates in tl$ failure 
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to appreciate its nature and its hearing upon 
practical questions. Mathematics is, in reality, 
merely the instrument of all rational comparisons 
and estimates when they are of so complex a 
nature that none but a genius could carry them 
out by a direct inspection. As an instrument, 
mathematics requires careful handling and a mind 
to guide it. It cannot be worked mechanically 
with success. Statics, dynamics, kinematics and 
all the other branches of applied physical science 
are built up entirely upon mat hematics. The 
knowledge of this subject is, however, valuable 
not only on account of its direct application, 
hut it trains the mind generally to work logically 
or rationally. In addition to applied mechanics 
it Mill he well for the student to fortify himself 
as far as possible with a general knowledge of the 
other branches of engineering, such as civil, 
mechanical and electrical engineering. 

The Evolution of Shipbuilding. Tlw* 
practice of the art of shipbuilding represents the 
sum of the knowledge of the past oil that particular 
subject, and it is indispensable to be familiar with 
it hut, in addition, a knowledge of how it was 
arrived at by successive modifications in previous 
practice is also of great value to the naval architect, 
as it will enable him better to formulate reasonable 
opinions as to how the practice will develop in the 
future, while ho himself will be connected with it. 

In a course of instruction like the present if 
is, therefore, desirable to begin with a historic 
outline of the art of shipbuilding, showing broadly 
how it arrived at its present-day conditions. 
Following this a description will be given of modern 
steam and sailing vessels, to give a prospective 
naval architect a general idea of existing ships 
before he seeks to know how to build new ones. 

From the earliest times ships have played an 
important part in the progress of the world. In 
them the sparks of civilisation were carried from 
established centres to other lands, as they carried 
with them a sacred tiro kindled at the home temple. 
They have then spun the threads of attachment 
between mother and daughter civilisation until 
the latter grew up to become independent. This 
function of tho ship as the tie between nations 
has been well described by .John Ruskin, when lie 
says : “ The nails that fasten together the planks 
of tho boat’s bow are the rivets of the fellowship 
of the world.” 

The Cradle of Shipbuilding. It is prob- 
able that tho early civil isafcion of the plains of the 
Euphrates and the Tigris created some measure of 
shipping on the rivers and in the Persian Gulf ; but 
it was not until the development reached the eastern 
shores of the Mediterranean that the production 
of sea-going ships became common. Here -stood, 
therefore, the cradle of the ancient shipbuilding 
which should develop into the modern industry. 
The Phoenicians, who inhabited the strip of sea 
border nearest to tho Babylonians and Assyrians, 
naturally became tho first to build ships and 
make extensive voyages in them across the seas # > 





TRANSIT 


wluere they founded colonies and created cities at 
the most distant parts of the Mediterranean. It 
was only through their shipping that the Phoenicians 
became such a powerful nation, the traces of which 
remain to this day. In addition to their country’s 
favourable position they possessed an abundant 
supply of excellent shipbuilding material in the 
forests of Lebanon. What their ships wero exactly 
like we cannot say, but from the fact that they 
made long voyages we can conclude that they 
must have been of a fair size and reasonably 
strongly built. The Egyptians, with their high 
civilisation, found it necessary to employ ships 
even for extensive voyages, although most of 
their shipping was no doubt carried on on tho 
Nile. Moro information exists with regard to the 
Egyptians’ ships than those of the Phoenicians, 
as the former were in the habit of recording much 
interesting information in the highly durable 
material of tho Libyan stone. The pictorial 
representations of ships that have been preserved 
in this way are, however, not to be relied upon for 
exact information as to size and pro- 
portions. These ships would appear 
to bo moro sailing barges, intended for T* 
carrying on tho heavy traffic on the 
river, than sea-going vessels. They 
were, as a rule, propelled both by sails • 
and oars. 

GreeK Ships, It was chiefly by 
the ships of the Phoe- 
nicians that the earlier 
civilisition was carried 


character remained very much the same ns that 
of the Greek ships. Thoy wore more like land 
structures made to float than shipshape creations. 
"Above tho water they wero of a fantastic con- 
struction, with erections for fighting-men, pro- 
tective hoods for officers, etc. At the waterline 
they had rams for damaging the vessels of the 
enemy, and rows of long oars gave them tho ap- 
pearance of huge multipedes. The Roman colonies 
in Spain and in the South of Franco became after 
a time more directly interested in shipping than 
the mother country. The inhabitants of the 
west coast of France were particular adepts in 
tho art of shipbuilding, according to tho very cir- 
cumstantial reports written by Julius Cn>sar while 
extending the power of Ifcomq in these regions. 

The Ships of the Vikings. About the 
time of the fn 11 of the Roman Empire an independent 
development in shipbuilding took place elsewhere. 
The jjeople who inhabited Northern Europe had by 
this time also developed a considerable amount of 
civilisation, and in the art of shipbuilding they had 
attained a high degree of perfection. 
There are many records of tho remark- 
*’T able feats carried out by ‘these northern 
; races. Iceland, Greenland, and North 
America were reached towards tho west, 
/ and both through the English Channel 
and the present. Straits of Gibraltar, and 
also through the rivers of Russia, the 
Mediterranean and Rlack 
Sen were reached. 

Less is known of the 


across the Mediterranean buildings erected on land 

to Greece. Tho Greeks ;; T ' 1 ~ by these people than of 

did not, however, improve those in the south, as they 

much upon the ships of 1. VIKING ship wore of wood, easily 

the Phoenicians, although subject to decay and fire, 

their shipping developed considerably from tho On the other hand, more is known about the ships 

necessity of keeping in contact with all the many in the north, as it was there a frequent custom to 

colonies they founded on the coast of Asia Minor bury, with a dead chief, in huge mounds of earth, his 

and Africa. The ships of tho Greeks havo often ship and other things belonging to him. In recent 

been found pictorially represented upon the vases times two vessels have thus been found, and others 

of that day whioh havo been unearthed in recent have been discovered in wood-preserving peat bogs, 

times. But, as in the caso of the Egyptian In this way, very reliable information is obtained 

ones, these representations cannot be relied with regard to the ships of Northern Europe at that 

upon for exact information regarding size and pro- date. One of these viking ships, as they are called, 

portions, as they consisted ot more or less con- was discovered in Norway in 1880. It is repre- 

ventional outlines intended more for decorative sented by 1 and 2, which show a side view and a 


purposes than for correct information with regard 
to the ships. It would appear that these vessels 
must have been small — at any rate, compared with 
more modem ones. Usually they were practically 
open or without a dock to protect the crew and 
cargo from the weather. They were probably pro- 
pelled by sails only when the w ind was right aft, as 
the art of utilising a beam wind to the greatest 
advantage was not discovered until later. The 
land was rarely left out of sight on tho voyages, 
a course being followed from promontory to pro- 
montory. From Greece, civilisation was again 
carried westwards, this time to Italy, by means of 
ships, and the Roman republic, later on tho Roman 
Empire, became the centre of the world’s maritime 
as well as other interests. Like the Greeks, the 
Romans carried on extensive intercourse with their 
colonies in Africa and Spain. For a long time a keen 
rivalry was oarried on with Carthage, which owed its 
foundation to the earlier activities of the Phoenicians, 
but eventually the Carthaginians wore subdued. 

Roman Ships. The ships of the Romans 
wyre to a greater extent imposed by immense 
nvities In other directions than objects con- 
cted for the love of maritime pursuits. Their 


cross section respectively of the restored vessel. 

She was 78 ft. long, 10 ft. 7 in. 
broad, and 5 ft-. 9 in. deep. 
The keel was the main timber, 
being 14 in. deep and 4£ to 
7 in. thick. The vessel is what 
is called clinker built — that is, 
the outside planks overlap each 
2. viking ship, other, as shown by 2, and ns is 
CKOSS SECTION usual now in the ease of rowing 
boats and other lightly- built 
crafts. The planks are only 1 in. thick, and are 
clinched together with iron nails. They are, how- 
ever, not clinched to the frame timbers in the now 
usual way, but are tied to them by means of tough 
roots. The necessary holes in the planks for this 
purpose are made in thick protuberances, left on 
the inside when the wood was prepared. By this 
ingenious method the builders avoided the necessity 
of having holes in the outside planks, at the back 
of the frame ribs, where a leak would be liable to 
occur, and where it could not bo readily got At and 
stopped. The foundation for the mast, whioh was 
a heav« concentrated weight to be oarried in a 
craft ot to light construction, was of a design that 
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lias hardly, if at all, been improved upon in the 
most modern yacht construction, where the same 
problem of distributing a concentrated* Weight over 
a very light structure has to be dealt with. 

Early Efficiency in Construction. 
These early shipbuilders were also well aware of 
the principle that where a minimum of material 
is to be sufficient, there must be a high degree of 
excellence of workmanship. Tt may be doubtful 
whether vessels have at any time been built which, 
taken all in all, were more efficient for the intended 
purpose than these viking ships of a thousand years 
ago. They possessed the highest degree of strength 
with the minimum of material. Lightness was of 
the greatest importance in these vessels from the 
fact, that they had often to be hauled up on land. 
So easily were they handled that it is even recorded 
that on occasions when something could be gained 
thereby, they were transported on rollers for con- 
siderable distances on land. They had to be pro- 
pelled by oars, to be able to run up rivers and creeks, 
and at the same time they could utilise the wind 
when it was well aft. The general form adopted 
to give sufficient stability and a minimum of 
resistance to propulsion under these conditions is 
such that it would be practically impossible to 
improve upon it now, in spite of all the develop- 
ment of modern science. 

The deep keel is designed in the most efficient 
way to protect the vessel when taking the ground, 
which was necessary when landing was effected in 
those days of no harbours. The rudder is hung on 
the starboard, or right side, of the vessel, and could 
easily be unshipped, and would in any ease, with 
the arrangement adopted, take no damage if touching 
the ground. It is practically the same arrangement 
as that adopted in many lifeboats of the present 
day, designed with a view to the difficulties en- 
countered in landing on an unsheltered shore. 
In these swift and handy vessels the Vikings swept 
down upon the remainder of Kuroj>c, and the in- 
fluence of the ‘North was being carried to the eastern 
shores of Great Britain at the time the Romans 
were still keeping up communications with the 
southern ones. The intermingling of the ideas of 
the classical nations with those of the North may 
not have been without influence on the develop- 
ment of the maritime affairs of the country which 
was to become, in modern times, the centre of the 
world's shipbuilding industry. 

Ships of the Middle Ages. During the 
early part of the Middle Ages, shipping interests were 
still chiefly centred in the Mediterranean. It was more 
particularly the Italian republics that developed 
the maritime pursuits. The Venetians possessed an 
extensive fleet of merchant vessels, and kept up a 
brisk trade with the Bast. Their ships were, how- 
ever, more fantastic and picturesque than highly 
efficient, and no very radical improvements were 
introduced. The Genoese were, later on. the keen 
rivals of the Venetians. In Northern Europe the 
Hanseatic League took the lead in maritime affairs. 
There was, however, right through the Middle Ages, 
very little development in the art of shipbuilding. 
k The old ideas were perpetuated, and ships remained 
very much of the same character as before. With 
their • fantastic trappings, and with their often 
irrational designs, they were not nearly so efficient 
for their purpose as the earlier ships of the vikings. 

The Genoese were the first to use more scientific 
methods of navigation, and more rational methods 
in handling their ships. They are usually credited 
with discovering the way to utilise a beam, or side 
wind, to the greatest advantage. With that dis- 


covery the use of oars as a means of propelling sea- 
going vessels ceased to be a necessity, and the time 
became rij>e for the extensive navigation of the 
high seas. It was at this time that Columbus, 
after leaving Genoa, prevailed upon the King of 
Spain to fit out. the expedition that led to the dis- 
covery of America-. This was, however, only one 
of a long series of discoveries made by Spanish and 
Portuguese sailors, and, as a consequence, the centre 
of shipping interest moved again westwards. When 
Spain and Portugual declined, the Low Countries 
took the lead, and finally it passed to England. At 
this time, improvements fn ship construction were 
still very slow. The general character of the ships 
remained unchanged, although the increased ex- 
jiericnee caused mod idea lions in details. 

Developments in the Nineteenth 
Century. The very earliest ships were pro- 
pelled entirely by oars, and for ages this method of 
propulsion was retained as a stand-by when there 
was no wind. Eventually, with the increased 
knowledge of how to manage the sails, the use of 
oars was discarded for seagoing vessels. By the 
beginning of the nineteenth century the steam 
engine had been invented, and put to use for 
various purposes on land. It was not long before 
it was realised that there was here a power which 
might, with advantage, take the place of the sails 
and the uncertain wind as a means of propelling 
ships. The idea of pro\ idiugsi vessel with the power 
to move it by other than hnman labour occurred 
even to the Romans, who, it is reported, had some 
vessels propelled by paddle wheels worked by oxen. 
It was not, however, until physical science, in 
the eighteenth century, had developed sufficiently 
to make a reasonably efficient steam engine possible 
that the employment of mechanical power for the 
propulsion of ships became common. For a long 
time after the introduction of steam power into ships 
sails continued to be used in the majority of vessels, 
and even in those where steam engines were fitted, 
sails were extensively carried in those days as a 
stand-by in the event of the coal giving out or the 
engines failing. The outline of the history of the 
sailing ships may therefore be continued up to the 
present day, before the evolution of the steamship is 
sketched. 

East and West Indiamen. In the early 
part of the nineteenth century a rivalry sprang 
up between England and the United States of 
America in the matter of shipping similar to 
that which had existed between Greece and 
Rome and their respective colonies. The English 
merchant vessels were up to this time built 
entirely on the old, established lines. They 
were of bluff forms at the ends and consequently 
of slow speed. On the other hand the under- 
water part amidships was of a rounded form 
which did not admit of a large amount of 
cargo being carried in a vessel of given dimensions 
in spite of the fulness of the extremities. In the rig 
and general arrangement these vessels still retained 
some of the old fantastic features, then thought 
to l>e indispensable in a ship. This type of sailing 
vessel was ocst represented by the so-called “ East 
India men/’ owned by the old East India Com- 
pany, and trading to the East. They carried a 
relatively small cargo, and a large crew, and 
could be utilised as ships of war if required, 
i^ater on another typo developed— namely, the 
so-called West Indiamen — which wore somewhat 
more efficient from a commercial point of view 
as they carried a larger amount of cargo, and hyjji 
a much smaller crew. 



Ameripan Influence on Sailing Ship 
Construction, In the creation of a more 
efficient type of sailing ship the Americans 
came to contribute considerably. They had the 
great advantage over the inhabitants of the 
mother country of being a young nation un- 
fettered by previous conventional ideas with 
regard to the construction of ships. In addition 
to this advantage the Americans were favoured 
by abundant supplies of wood conveniently at 
hand. It was therefore natural that they should 
take the lead. In the first instance they improved 
the speed of ships by making the form of the vessel 
sharper towards the extremities, while they at the 
same time increased the cargo- carrying capacity 
by making the form amidships straighter in the 
side of tho vessel and fuller under water. Tn 
other words, they utilised the space better than 
had been done before, and made a vessel 
of given dimensions more efficient all round. 
Tho Americans also introduced labour-saving 
appliances in the handling of tho sails They 
were thus the first to divide tin large square 



3. EARLY AMERICAN WOOD SHIP 



of larger tonnage, and relatively longer, than 
had been done before, and as the sails which 
these ships would have required, if provided 
with only the usual 
three masts, would have 
been too large, they in- 
troduced an additional 
one. Figurgs 3 and 4 
show a typical example 
of American wood sailing 
ships of the period just 
prior to the introduction 
of the double topsails. 
Before the introduction of 
4. SECTION of early railways across the eon- 
AMERICAN WOOD SHIP tinent an extensive trade 
was carried on by these 
sailing ships between the Eastern States and 
California, and some famous passages were made 
on this extensive course right round Cape Horn. 

Tea Clippers. The English and Scotch ship- 
builders were not sloyr to adopt these improve- 
ments in their new vessels, and in the race from 
China with tea for the London market the English 
shipowners wore soon able to beat the Americans. 
These so-called China clippers were the fastest 
merchant sailing vessels built. As the ships of 
the Vikings came to mark the, final development 
in the combined sailing and rowing seagoing craft, 
so the China tea clippers may be considered as tho 
highest development of the pure sailing-ship type. 
-They carried on the last struggle of sails against 
jfjpAm in the quick transit across the ocean. After 
^nat date sailing ships continued to be built, and 
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they are still being built, but only for trades 
where cheapness of transit is of greater importance 
than Bpepa v From this point of view of sailing 
efficiency, there has been little improvement, if 
any, since the tea dippers were built. The 



5. TEA CLIPPER 

modifications that have taken plaeo have been 
in the direction of the economical working and 
building of the ships all round and in the 
direction of carrying a larger amount of cargo 
in a vessel of a given length, breadth, and 
depth. Figures 5 and 6 represent one of the most 
famous tea elipjiers. It will be noted that tho 
spread of canvas is very large in proportion to the 
size of the vessel. The form of the midship cross 
section [6] shows by its fineness that they conld 
not carry a large amount of cargo, particularly as 
the form was also very sharp towards the ends 
of the vessel. Tlusy were of the so-called composite. 
construction, where the frames, beams, and general 
internal structure are of iron and only tho outside 
planking and decks of wood. This arrangement 
was adopted in view of the difficulty of obtaining 
t lie necessary strength by a purely wood construction 
in vessels of such tine form and lofty rig. 

Warships. While the merchant sailing ships 
developed, so also did warships, but to a much smaller 
extent. Owing to the large crew that these ships 
always carried there was not tho same inducement 
to reach a higher degree of efficiency in tho 
arrangement and handling of the sails and in the 
general working of the vessel. The weight of the 



structure was also not of the importance it is now 
in a warship. On the other hand, height of plat- 
form for handling the guns was essential, and also 
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handiness in manoeuvring. The consequence was 
that the wooden sailing men-of-war retained to the 
last their short, towering, bluff form that can yet be 
seen at the mouth of most English rivers, where 
these vessels are now commonly used as training 
ships for boys. It was such a beautiful ship of the 
line that inspired John Ruskin, when he wrote of 
man's capabilities as a gregarious being : “ Into that 
he has put as much of his human patience, common- 
sense, forethought, experimental philosophy, self- 
control, habits of order and obedience, thoroughly 
wrought handwork, defiance of brute elements, 
careless courage, careful patriotism, and calm 
expectation of the judgment of God, as can well 
be put into a space of 300 ft. long by 80 ft. broad.” 

Steam Propul- 
sion* It was not until 
the steam engine had 
reached a certain amount 
of efficiency that its intro- 
duction into ships as the 
propelling power could 
become profitable. That 
point may be said to 
nave been reached by 
James Watt’s invention 
of the double acting 
engine. The idea of ut ilis- 
ing the power of steam 
for ship propulsion origi- 
nated in several minds, 
probably more or less in- 
dependently, but Syming- 
ton may be said to ha ve 
first realised it in the 
Charlotte Dundas, a small 
steam vessel which made 
its trial trips on the 
Forth and Clyde Canal in 
Scotland, in 1802. It was 
appropriate that the 
River Clyde should thus 
see the birth of the first 
mechanically successful 
steamer, as this river 
should afterwards become 
the world’s centre for the 
production of steamships. 

It was not, however, until 
the year 1807 that Robert 
Fulton, in America, suc- 
ceeded, by tho vessel 
Clermont, in producing 
a commercially successful 
steamer, which could 
ensure and did ensure 
the continuous develop- 
ment of steam power as applied to ship propulsion. 
The brg'nning of commercial steam navigation took 
place, therefore, on the other side of the Altantic ; but 
it was not long boforo steamers were extensively 
adopted by British shipowners, and it was by tho 
growth, of its steam tonnage that tho British 
mercantile navy should reach the enormous develop- 
ment during last century whereby it outdistanced 
by far tho fleets of all other nations. To begin with, 
the. dimensions of steamers were small. Those of 
the Clermont wore: length, 130 ft., and breadth 
10 J ft. Only vessels for rivers and sheltered waters 
were fitted with the new power of propulsion. 

Paddle and Screw Steamers. After a 
time had elapsed steam was, however, also applied 
to ocean-going vessels. So far the only method 
of applying the power had been by means of 


paddle wheels on the sides of the ^ vessel, and 
although these proved themselves very satisfactory 
for river steamers, they were not so for ocean-going 
ships, where the large wheels were exposed to the 
blows from the seas and where the rolling might 
often alternately dip tho wheel on one side too deep 
in tho water, or lift it entirely out of the water, in 
both of which cases the propelling power would bo 
largely lost. In 1839, tho screw propeller had been 
invented by Mr. Smith, and was applied to the 
Archimedes, a vessel of fair size. This was a 
great improvement in the method of propulsion 
as applied to ocoan-going steamers, because tho 
screw could be placed low down in the water, whore 
its action was less liable to be interfered with by the 
movements of the ship or 
the waves. Although 
paddle steamers were at 
that time crossing tho 
Atlantic, they soon died 
out for that purpose, and 
the screw propeller has 
been victorious down to 
the present moment. 
Since its introduction tho 
developments have been 
gradual, and have been 
principally in the direc- 
tion oi improved engines 
and boilers. The greater 
efficiency of the propelling 
machinery was obtained 
chiefly by a continuous 
increase in the pressure of 
the steam in the boilers 
and by its more economic 
use in the engines, first by 
passing from the simple 
double-acting arrange- 
ment to compound en- 
gines, then to triple 
expansion, and, finally, 
to quadruple expansion. 
The principle of the mul- 
tiple expansion of tho 
steam as it passes, from 
the maximum pressure in 
the boiler to the minimum 
in tho condenser is simply 
to get a more gradual, and 
therefor© more economi- 
cal, supply of work from 
the steam. This question 
will, however, be dealt 
with under Prime 
Movers. The very 
latest method of applying 
tho power of steam to ship propulsion is by 
means of turbines, where reciprocating machinery 
is entirely done away with, and the steam is roadie 
to act directly on a rotary fixed to the propeller 
shaft much in tho samo way as water acts on a 
horizontal turbine wheel, or the wind on the sails of 
a windmill. By this method the propelling agent 
remains tho screw, but it is usually found advan- 
tageous to employ a greater number of them than 
before — usually two, three, or four are fitted. 

Discarding Sails. The first ships for ocean- 
going purposes to bo fitted with steam retained 
their hill complement of sail, in order to save 
coal when the wind was favourable and to 
have a stand-by should the engines break down. 
By the development of more economic, purtkto 
larly more coal-saving, machinery, and by 
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being perfected so as to be more reliable, the use 
of sails befcame of less importance. In many 
instances where the speed was high the tall masts, 
yards, and rigging added materially to the resistance, 
and reduced, therefore, the speed when under 
steam. Sails were therefore gradually 
discarded, until now the largest and ft 
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7 . USUAL CONSTRUCTION OF WOOD SHIP 

mo, ^ important steamers have only masts for the 
purpose of carrying signal flags and lanterns, or for 
supporting cargo derricks. The introduction of the 
twin screw, with its two independent sets of engines, 
gave increased safety, and aided in bringing about 
the above-mentioned result. The consequence is 
that not only are sailing ships disappearing rapidly, 
but sails for other than steadying purposes are also 
vanishing, or have vanished, from steamships. 

The Disappearance of Sailing Ships. 
The extent to which sailing ships are still being built 
is shown graphically by the u pper diagram on the pre- 
ceding page. The bottom curve gives the percentage 
of sailing ship tonnage built throughout the world 
in each year, the toy) curve the corresponding p>er- 
eentage of steam tonnage, the horizontal divisions 
representing years and the vertical divisions 
10 per cent. It will be seen that the growth 
in the production of steam tonnage has been 
enormous, particularly in the years just before 
1889. The increase in the percentage has, however, 
not been steady, as is seen by the fall in the years 
from 1889 to 1892. During recent years there has 
been a tendency for the percentages to Ixj more 
constant, the steam tonnage remaining at about 
90 per cent, and the sailing ship tonnage at about 
10 per cent. The second diagram shows the rela- 
tive yearly waste of steamers and sailing ships. 
It will be seen from this diagram that the average 
yearly loss in steamers is about 2 per cent, against 
about 5* per cent, for sailing vessels. 

Taking ships on the whole, and ignoring age 
and material of construction, a steamer may be 
said to have fully twice the vitality of a sailing 
vessel. The effect of the yearly building and loss 
upon the existing tonnage of the merchant fleets of 
the world is shown in the tabic in next column, the 
horizontal divisions representing a year, while the 
vertical divisions arc equal to 1,000,000 tons. It will 
be. seen that in the year 1887 the existing sailing 
ship and steamship tonnage were equal, but the 
steam tonnage was in the ascendancy, while the sail- 
ing ship tonnage was dwindling. The increase in the 
steam tonnage has been very steady, and the decline 
in the sailing ship tonnage has been equally so. 
Jn twenty to thirty years from now, sailing ships 
will be an entirely negligible quantity in the 


mercantile fleets. The top) curve shows the entire 
tonnage of the world, and it will Ihj observed that 
it is growing by more than a million tons a year. 
These curves are derived from the oareful statistical 


records Kept by Lloyd s Kegister of Shipping. 

Wood Ships. From the earliest times right 
up to the beginning of the nineteenth century all 
ships had been built of 
wood. This was naturally 
’’ the material that suggested 

* Jq itself first from its ability 

to float on the water. For 
centuries it was supposed 
$ that this ability of a 
material to float was essen- 


l 


tin l to its use in the hull 
of ship)s. This idea was, as 
a matter of fact, wrong, 
which could be proved by 
the ability of any tin or 
light iron kettle t-o remain 
floating on the water. In many respiecls wood 
was an excellent material for shipbuilding pur- 
poses, particularly as long as ship>s remained of 
moderate sizes, and under any circumstances it was 
the only possible material until comparatively 
recently. Oak «ud other hard woods were the 
best for the pnirpose, hut pane was often more 
conveniently at hand, and cheaper. The general 
method of construction of wood shij)s has re- 
mained the same as far back as it can be traced. 
A heavy piece — or pneces — of timber form the 
keel or backbone of the structure. On it are 
erected floors and frames, or stiffening ribs. To 
these the outside pranking is attached, as indicated 
in 7, which represents a midship section, of a 
wood merchant ship). At the top of the frames the 
beams are fitted across the vessel. In the case illus- 
trated. there are two tiers of beams, one to carry the 
upper-deck planking, and one to take a deck lower 
down for the accommodation of j)assengcrs or cargo. 
The frame timbers arc planked on the inside to 
keep the cargo dry. Above the keel, heavy timbers 
are run along on the top of the floors forming what 
is called a keelmn % which is really part of the 
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backbone of the structure, being thoroughly boiled 
through the floor timbers to the keol. From the 
keelson, supports are carried up to the deck beams. 
It is desirable to have ns few joints as possible in 
the structure of a wood ship). It is, however. 
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impracticable to obtain timber of the form and size 
necessary to dispense with all joints, and in some 
instances, as in the case of the frames, it is necessary 
to have each set of timbers built up of a number of 
comparatively small pieces, which must then be 
bolted togethor. This question of the joining of 
the individual parts is one of the most difficult 
ones in wood ship construction, as will be evident 
from the large wrought iron knees shown in 7, 
attaching the beams to the sides of the vessel. A 
very large amount of iron has in this way to bo 
worked into the structure, whereby it becomes so 
heavy that it would not float if pierced, in spile of 
the general material being wood. (Gradually more 
and more iron was in this way being used in 
ships. 

Iron Ships. About the same time ns steam 
power was beginning to become general for the 
propulsion of ships, another epoch-making change 
was being prepared. Barges were being built 
of iron plates on the principle of the steam 
boilers. As they were found to answer satisfac- 
torily, it was proposed to adopt Ibis principle 
for sea-going shins. For a long time the pre- 
judice against such an unheard- 
of proposal was Sufficiently 
strong to keep the suggestion 
from neing carried out in prac- 
tice. Eventually the general 
superiority of iron as a material 
for shipbuilding purposes was 
recognised, and the enormous 
development of modorn ship- 
ping became possible. As Great 
Britain had hi hen the lead in 
the change from sail to steam, 
so it also became the shipowners 
and shipbuilders of this country 
that first realised the immense 
possibilities of the introduction 
of the new material. One of the 
first iron vessels, the Vulcan, 
was, appropriately enough, built 
on the Monkland Canal, near 
Glasgow, jn the year 1818. The 
first iron steamer, the Aaron 
Manby, was constructed in 1821. From that year 
up to about 1885 the construction of iron ships 
increased to such an extent that the now material 
practically displaced wood. 

Superiority of Iron Over Wood. The 
.superiority of iron over wood lies not only in 
• the greater strength of the material itself, but 
ialso in the fact that the individual parts of an iron 
structure can be much more effectually attached 
to each other, whereby the efficiency of the struc- 
ture as a whole is immensely increased. Moreover, 
a considerable saving in weight is effected by the uso 
of iron. The specific density of iron is, of course, 
much greater than that of wood, and, bulk for bulk, 
iron is therefore heavier. Its strength is, however, 
more superior to that of wood than its specific 
weight is greater. A less woight of iron will there- 
fore suffice to produce the same strength as a greater 
^cight of wood. In a general way the structural 
arrangement of iron ships was the same as that 
adopted in wooden ships. Figure 8 shows the con- 
struction of an iron ship. Comparing it with 7, 
it will be seen that the keel and keelson still form 
the backbone of the structure; the floors and frames 
are fitted as in the wood ship, and the beams and 
decks are similarly arranged. In lieu of the outside 
flanking, comparatively thin plating is now fitted. 

It Will, however, be. observed that although the 


general arrangement is similar, the dimensions of 
the individual parts are reduoedeyory much. For 
instance, where the outside planking was 4 in. in 
thickness, the iron plating is only about £ in., and 
where the floors were some 12 in. thick, they are now 
less than half an inch. Iron is so infinitely superior 
to wood as the material of construction for large 
sea-going vessels, that tlio long, shallow, and fast 
ships now existing nmy be said to have been an 
impossibility without the introduction of the new 
material. A splendid proof of the possibilities of 
iron was to bo furnished not long after its general 
acceptance as a shipbuilding material, but the 
vessel in question will be referred to later. In 
the meantime, it will be desirable to mention the 
second great change in the material of construction. 

Steel Ships. About the year 1875 an improved 
method of manufacturing iron plates and angles had 
been in von tod. The new proauct was called mild 
*tcd. It must not, however, be confoundod with the 
hard material used for tools and similar objects. 


In reality, the steel used 
purposes is more real 
mercial product of that 


for shipbuilding 
iron than the corn- 
name, in so far as 
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8 . CONSTRUCTION OF IRON SHIP 


its chemical com- 
position is made 
up of iron with 
fewer impurities 
than the material 
properly so called. 
The essential 
difference between 
iron and steel for shipbuilding purposes is this, that 
the latter is stronger, more uniform in quality, and 
more pliable. It can be given almost any form, 
•to a large extent without the application of heat, 
which is usually necessary in the working of iron. 
The introduction of steel was therefore a great im- 
provement, but it did not represent nearly so great an 
innovation as the substitution of iron for wood; it 
merely accentuated the advantages of tnetal over 
wood. Although both iron ana steel are on the 
whole infinitely superior to wood, they have certain 
disadvantages. In the first instance, they qprrode, 
particularly so where subjected to the action of the* 
impure water that always gathers in the bottom 
of ships. A little experience with iron ships 
proved this, but it was not long before it was realised, 
that a little care and the application of paint and 
cement practically removed that trouble. Wood" 
ships, particularly those trading in the tropics, * 
were always subject to having the exterior of their 
bottoms covered with barnacles and other marine 
g-owths, which could assume huge proportions 
and delay the progress of the vessel considerably. 
It was discovered that by covering the bottom below 
the water-line by thin copper plates these growths 
were prevented from attaching themselves, to the 
ship. This expedient was therefore universally 
adopted in all first-class wood ships. When irdp 
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was introduced, the trouble with the growths 
cropped up agttin. It was attempted to attach 
copper plates to the iron bottoms as in the case 



of wood ships, but with disastrous results, as the 
two metals set up a galvanic action which consumed 
the iron. Again experience soon taught that iron 
ships required a slightly different treatment from 
wood ones. The more frequent docking and clean- 
ing, and the use of more or less efficient anti-fouling 
paints, practically removed the difficulty of the 
barnacle-covered bottom in iron and steel ships. 

Number of Vessels of Wood, Iron, and 
Steel. The effcct of the change from wood to iron 
and from iron to steel in the amount of shipping 
created each year will be seen at a glance from the 
diagram above, where the three curves represent the 
growth or decline of the three materials in per- 
centage of the total amount of tonnage produced 
each year. It will be observed that iron had 
already, in I88(i, reduced the production of wood 
ships to about Iff per cent, of the total output 
of the world, but even this figure has bv the 
combined effect of iron and steel been reduced to 
only about 4 per cent, in 1004. Oil the other hand, 
the immediate effect of the introduction of steel 
was to make the iron ship disappear even more 
quickly than the wood one did. Since 1804 iron 
shipbuilding has been practically extinct, and steel 
ships have represented 00 per cent, of the total 



on the whole, fairly constant for each material, but 
the iron ships are disappearing more than twice as 
fast as the steel ones and the wood ships more 
than four times as fast. The hot result of the 
additions and deductions to the existing fleets of 
the world is shown in the last diagram. It will 
be seen that there is a very steady increase in the 
tonnage of steel ships and an equally steady decline 
in the tonnage of iron and wood ships. Some ten 
to fifteen years from now the wood sea-going ships 
will have practically censed to exist, and in another 
five to ten years time the iron ship will have gone 
the same way. 

The Great Eastern. 'I "he use of iron as 
building material culminated in the building of 
the Grout Eastern, the most unique specimen of 
naval architecture that the world had produced. 
The construction and design of this vessel arc 
well worth careful study even in these days of 
large steel steamers, and a short reference to 
them may not be out of place here. It was 
Mr. Brunei who first conceived the idea of building 
a ship large enough to steam round the Gape of Good 
Ho[K‘ to India without coaling on the way. The 
Great Eastern was designed and built with a 
view to realise this idea. Her length over all was 


692 ft.; length between perpendiculars, 680 ft.; 
breadth of hull, 83 ft.; breadth over paddle-boxes, 
120 ft.; depth from keel to upper deck, 58 ft. Her 
tonnage was 22,500 and the displacement 30,900 
tons, at a draught of 30 ft. She was capable of carry- 
ing 18,000 tons of coal and cargo, and in addition 
she had accommodation for 4,000 passengers or 
10,000 troops. She was propelled by two sets 
of engines, one working a four-bladerl screw propcllci 
24 ft. in diameter, the other a set of huge paddle- 
wheels 58 ft. in diameter. In addition to the two 
sets of engines she had 195,000 square ft. of 
sails. The Great Eastern was begun in 1854 
and launched ill 1858 from the Isle of Hogs, near 
London. Figure 9 shows a side view of the vessel, 
and 10 a midship cross section. Ju many respects 
this wonderful ship led the way in jpival architecture. 
In some directions she was so uffttupb ahead of her 
time that it was not until many yea# after that her 
lead was followed. In some points this has not 
been done to this day. 

Difficulties in the Construction of 
Large Vessels. The construction of a large 
ship involves far more difficulties compared with 
that of a small one than does the building of 
a large house comp ired with that of a small one. 
For every increase in size greater power is required 
to maintain the same speed, and consequently 
greater coal capacity, etc. But the most serious 
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question is that for every increase in size you need 
relatively more structural material if the same 
strength is to be maintained, and where no ex- 
perience has been gained, it is always a difficult 
problem to determine what will be sufficient 
strength under the new conditions. 

The mere creation of a huge structure is not in 
itself a particularly praiseworthy achievement. To 
be that it must be done by efficient moans, as was 
the case in the Great Eastern. The design of her 


water ballast was also recognised. The double 
bottom was in the Great Eastern extended up the 
side of the vessel to above the water-line, whereby 
additional safety was ensurod. Besides the inner 
bottom the vessel had tw T elve transverse water- 
tight bulkheads and two longitudinal ones, which 
added to the general strength of the entire 
structure, and lessened considerably the chances 
of sinking in case of injury. The deck giving 
the greatest, amount of transverse strength was 



9. SIDE VIEW OP THE GREAT EASTERN 


structural arrangement was n greater work of 
genius than even the conception of the primary 
idea of building a large vessel capable of steam- 
ing to India without coaling. From the very 
beginning of tho structure all old-established con- 
ventions were departed from. The keel proper, as 
fitted in wood ships and as retained even until 
quite recently in large steamers, was dispensed with, 
and in its place was fitted an ordinary strake of 
outside plating only \ in. greater 
in thickness than the remainder of 
the. plating, and stiffened inter- 
nally by a vertical plate, all as 
has but recently become the usual 
practice. 17 A- 

Cellular Construction. 

The boldest innovation was the 
entire^ dispensing , with the ordi- 
nary floors and frames as the 
means of stiffening tho outside 
plating, and the introduction of 
a series of longitudinal girders, as 
shown in the section [10]. Brunei 
rightly realised that the longi- 
tudinal strength would l>c by far 
the most important in a vessel of 
this description, and he therefore 
chose not to roly only on the out- 
&ide plating for strength in this 
direction, but he arranged tho 
stiffening of this plating in such a 
way that it assisted in tho resist- 
ance to longitudinal bending. Moreover, be realised 

. tho immense strength of the cellular construction, 
and adopted it both for tho bottom of the ship, 

* where it has now become universal, and for 

* the upper deck, where it has not been adopted 

since. 

The fitting of an entire inner bottom, thereby 
adding to tho safety of the ship, was also a new 
idea which has now been practically universally 
adopted. Tho possibility of using the space 
between tho two skins for the purpose of carrying 
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10. GREAT EASTERN MIDSHIP 
CROSS SECTION 


the one fitted at the head of the double bottom, 
or near the water-line, and the deck possessing 
the greatest amount of longitudinal strength was 
the one fitted at the top of tho structure. 
Brunei thereby recognised a principle which it 
has taken a con pie of generations to appreciate 
fully. Throughout the entire ship the clumsy 
use of individually thick plates was .avoided. The 

necessary strength was obtained, in spite of tho 
size of tho structure, by a 
thickness of only | in. for 
tho entire inner and outer shell 
plating, and h in. for the deck 
plating. 

Great Eastern Not 
Exceeded till 1907. To 

realise what the successful build- 
ing of such a ship meant at 
that- time, it must be borne in 
mind that the length, tho breadth, 
and the depth were practically 
double the corresponding dimen- 
sions of the vessels with which 
experience had been gained up to 
that time. Throughout the fifty 
years which have elapsed since 
Sts construction there has been 
a steady increase in the dimen- 
sions of ships, but no individual 
ship has to* this day reached tho 
size of the Great Eastern. Two 
vessels are, however, now build- 
ing which will exceed in dimensions in every 

respect those of the ship of 1858, but the engi- 
neering feat of producing a ship some six times 
the size of the largest existing ship is not 
likely to be ever again achieved in the progress 
of naval architecture. Unfortunately, the time 
was not ripe for the profitable employment 
of ships of such size, ana the result was 'that 
the Groat Eastern oamo to be a very oostly 
experiment, technically a success, but financially 
a failure. 
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By Professor JAMES LONG 


•"THE difficulty of obtaining hens for sitting 
* during the winter season, and the perfection 
to which the incubator has been brought, lias 
resulted in the very general adoption of this 
machine for the purpose of hatching eggs. A 
well -constructed incubator is of great service 
to the poultry keeper, enabling him, as it 
does, to be independent of the hen to hatch 
chickens in large batches with almost absolute 
certainty, without the interference of vermin, or 
the necessity for outdoor work in bad weat her. 

Where to Keep the Incubator. There 
are, however, certain conditions which it is 
essential to observe. The apartment in which 
the incubator is placed should be one in which 
it is not possible for the temperature to fall 
below, say, 45° F., or thereabouts, at any time. 



63. h bauson’s incubator 

a. Tank of water ft. Movable eg^-tray c. Water-tray d. Holes 
for fresh air e. Ventilating holes /. Hamper g. Lever 
ft. Lead weight k. Slips of wood l. Lamp chimney and Hue 
pipe nu Non-conducting material n. Tank thermometer 
o. Needle for communicating the expansion of t he capsule 
Jt to the levir g p. Milled-head screw r. Filling tube 
8. Thermostatic capsule t. Petroleum lamp v. Chimney for 
discharge of surplus heat to. Chimney for discharge of residual 
products of combustion x. Class chimney, covered with 
asbestos. The overflow tube is the upper one, on the right-hand 
side of incubator, and the lower tula* is for emptying the tank 

It must be thoroughly ventilated, pure air being 
practically as essential to the vitality of the egg 
as to the living chicken. The larger the number 
of incubators employed in an apartment, the 
greater the importance of these conditions, 
especially as where several lamps are burning, 
thero is a larger consumption of oxygen, and a 
greater liability to smells. 

Whatever machine be purchased, the instruc- 
tions of the manufacturers should be carefully 
studied, and every detail mastered before 
valuable eggs are placed within it. Among these 
details, the management of the lamp, and of the 
drawer, as well as of the ventilation of the 
©gKs, should be specially noted. 

In marking eggs, it should be remembered that 
they are chipped by the chicken within, at the 



largo end through which the youngster emerges, 
although occasionally they are chipped else- 
where, when it may be necessary to render slight 
and very gentle help. The chickens hatch on 
the twenty-first day, but it 
frequently happens that eggs 
are chipped on the twentieth 
day. in the case of the 

duck, the goose, the turkey, 

62. brooder AND guinea fowl and the pea- 

COVKRKD RUN J len » 28 days are occupied in 
incubation. 

Wo proceed to describe the way to manage 
the incubator on the basis of the experience of 
one who has achieved much success with it. 

Practical Management of the In- 
cubator. When deciding to use an incubator, 
start, if possible, with a good one, hucIi as 
H (‘arson’s j 63). If the incubator lx* bought at a 
sale, thoroughly examine and test it ; afterwards 
overhaul and clean inside and out, placing it 
out of doors to dry and sweeten. Obtain a good 
thermometer, and replace all missing parts, 
including the canvas in- the egg drawer, and the 
damper if that is necessary. The capsule must not 
be forgotten, this being, perhaps, the principal 
item, for the proper working and regulating of 
the incubator depends upon it. Place the incu- 
bator in a small room, if possible, where it will 
be free from draughts, concussion, or the 
banging of doors. Having everything ready for 
a start, till the tank with slightly warm water, 
and the lamp being filled and trimmed, light it 
and carefully watch the thermometer, con- 
trolling the heat by the aid of the regulator. 

Temperature Necessary. Now keep 
the temperature even for three days — say, 
from 100° F. to 
103° F. ; it should 
at no time be allowed 
to rise beyond 105° 
F. or to fall below . 
98° F. The germ in 
an egg will bear a low 
temperature better 
than a high one : it 
is, however, wonder- 
ful what eggs will go 
through and permit 
the chickens to survive, although it must neces- 
sarily weaken them when the temperature is 
frequently “up and down ’’during incubation. 

Place the eggs in the drawer, after marking 
each with the date on one side and a cross on 
the other, the date being upwards, then care- 
fully close the drawer and watch the ther- 
mometer, and it will be noticed that the tem- 
perature will steadily fall, tintil the eggs begin to 
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EGGS hatched in the thhke years ending the machine, of which C,J30, or 81 pef 
march «isT f 1900. cent., wero fertile. The number of 


| 1903-4 1904- ft 

Number of hatch™ 02 68 

Number of cgga ulaecd in luuchtue* . . ! 4,590 5,881 

Number of fertile eg«s ! 9,074 4,714 

Number of chickens, etc., hatched .. 2.572 3,574 

Percentages of fertility i 79 • o 80 15 

Percentages of hatches of fertile eggs . . 70*0 75*82 

Highest hatching percentages .. . .i 92*3 96*82 

Lowest hatching ncrcentages I 50 0 56*52 

Highest monthly hatching percentages . . j 81*12 87*61 

Lowest monthly hatching percentages . . i 67*94 70*17 

Tank Incubators hatching percentages ..j 70*89 78*2 

Hot-air incubators hatching percentages 68*95 73 *64 


got warm. The incubator must be watched with 
great regularity, the eggs turned morning and 
evening, cooled and aired, turning being essential 
to prevent the germ being fixed, as it were, and 
thus arresting or entirely preventing develop- 


1905- 0 birds, chickens, and ducklings hatched 

7 79 o waa 4,631, or 73 per cent. It was 

6,330 found that fertility was lowest in 

4,631 February and highest in November, 

73*16 whereas the hatching results were 

94*5» highest in September, and lowest in 

August. The variation in the per- 
55 -iI cent age of fertile eggs hatched from 

75*42 month to month was considerable. 

71 5 In August the figure reached 64 per 

cent., in September 83 per cent., while 
as regards the hatching of fertile eggs in the 
various machines, the highest, 94 J per cent., 
was in a tank machine, and the lowest, 34J 
per cent., in a machine of a similar typo. It is 
indisputable that, while in eight months of the 


ment ; it also makes up for any little differences 
of temperature which exist in the egg drawers. 
The eggs should be exposed to the air for about 
ten minutes in cold weather, or twenty minutes 
in very warm weather. They should be handled 
gently and the worker should be careful not to 
open the incubator more than twice in the day, 
especially when the chickens are nearly ready 
to hatch. The lamp must be filled and trimmed 
daily, and the tray and damper occasionally 
examined. 

Examining the Eggs. On the seventh 
day the eggs should be examined, using a lamp 
with a strong light to ascertain if they are fertile. 
Thick, or dark-shellodeggs are sometimes difficult 
to test ; in such cases, they may be left, a few days 
and examined again. If there is still uncertainty 
about an egg, it may be marked, and its progress 
watched and compared with tho rest. After 
thirteen days, the chicken develops rapidly, and 
by the twentieth day the egg is almost entirely 
opaque. The chicken may then be seen to 
move, and one may hear it tap the shell, and 
even chirp within. 

The eggs intended for an incubator should be 
fresh, not more than seven or eight days old, 
ten being quite a limit ; very large, very small, 
or badly-shaped eggs should be rejected, while 
hens’ eggs are preferable to those laid by pullets. 

Foster-mothers and all other necessaries should 
be well examined and cleaned, plenty of fresh 
sand being used for tho floors and runs, of which 
wo give examples in 62 and 64. 

Some Results of Scientific Observa* 
lions. There is very little data existing upon 
which absolute reliance can be placed as 
the work of scientific observation. Brief 
reference, however, may be made to tho 
demonstrations by Mr. Edward Brown, F.L.8., 
the lecturer who is in charge of the poultry farm 
of the University College, Reading. Mr. Brown 
worked six incubators, all of different types, for 
twelve months, in a specially constructed house, 
where the conditions as to equability of tem- 
perature and ventilation were specially favour- 
able. The machines employed were both of 
the tank and tho hot air types, and during 
the twelve months referred to thero were 89 
hatchings, 7,790 eggs having been placed in 


year tho highest results were obtained from 
the tank machines, the hot air machines took 
the leading position during tho remaining four 
months. There is apparently little difference 
in the results where machines of various sizes 
are compared, for while a small machine of 50- 
egg capacity gave a percentage of 79J fertile 
eggs hatched, a 360-egg machine gave 76J-. In 



neither case, however, were so many eggs 
submitted to test as in machines of medium 


capacity, the largest number being placed in 
100-egg and 120-egg incubators, and in those the 
hatchings reached 71 per cent. 

The figures in the table, which are asummanr of 
results obtained from incubators at the College 
Farm, will afford most valuable information to 


those who propose to adopt artificial incubation. 

The incubator worker is advised to keep a 
record, and we have, with slight alteration, 
supplied an example form which has recently 
been published in the “ American Agriculturist/* 
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By PAUL CORDER and ALGERNON ROSE 


THE SAXOPHONE 

The saxophones, called after their inventor, 
Adolphe Sax, form a group of instruments 
resembling in some respects the clarionet; but 
their tone is more powerful and better suited 
to the open air. They also differ materially 
in construction. They are chiefly used in 
military bands, but have lately found their 
way into the concert orchestra, and when well 
played are capable of producing a fine tone. 

Saxophones are made in six sizes, of varying 
compass : 

The sopranino saxophone in Eb, soprano 
saxophone in Bt\ alto saxophone in 
Eb, tenor saxophone in Bb, baritone 
saxophone in Eb, bass saxophone in Bb. 

The first and last are but seldom met 
with. There is also a similar 
series of six made in F and C, a 
tone higher than the correspond- 
ing instruments in Eb and Bb, 

but they do not appear to be 
much in use. 

In order to facilitate matters for 
the performer, and to enable him /A 
to play on any of these instruments to\ 
without the necessity for learning ~ 
twelve different fingerings, a uni- 
form notation has been adopted 
for all sizes of saxophone. This 
^ (Si. assumes 

.... the com- ^ 

~~ to lie ir- 

respective of the real sounds, 
whereas those shown above are 
the actual notes produced only on 
the soprano saxophone in C. For the four in- 
struments chiefly used, the notes below will 
produce these sounds : 


n pass 

of 

H each 

in- I 

n strument \ 





9=2 




tJ 


Hi 


Soprano in Bb. 


Alto in Eb. 



Tenor in Bb, 


Baritone in Eb. 


This statement is not strictly correct, for, 
as will be explained later, the two highest notes 
c 


*8 


can only bo obtained on the contralto and 
tenor saxophones. 

The shape of the saxophone will be seen from 
the illustrations, which represent a Bb tenor 
instrument. It consists of a conical metal 
tube with about 20 lateral holes, which are 
covered and uncovered by means of a series 
of levers and finger-plates. The mouthpiece 
is similar to that of a clarionet, a single reed 
being employed. With the larger saxophones 
Ihe weight is partly supported by means of a 
strap, which is passed round the neck of the 
player and hooked on to the instrument through 
an eye flc]. The hook, d. is occupied 
by the thumb of the right hand, which 
brings the three principal fingers over the 
plates marked 4, 5, 0. The littlo finger 
is ready to depress the levers 18, 19. 
The left hand clasps the instrument with 
the three longer fingers on plates 1, 2, 3, 
the little finger controlling the levers 12, 
13, 14. The thumb rests on the plates, 
and works the octave keys 7, 8. 'Pile 
keys 10, 11 are manipulated by the 
upper joint of the forefinger and 9 by 
the middle finger. Levers 15, 10, 
17 are correspondingly managed by 
the upper joint of the right fore- 
finger. The only two keys not 
accounted for arc those marked a 
and Ik These cannot be operated 
separately, but work in conjunction 
with any of the finger-plates of the 
right and left hand respectively. 
The fingers must never be hold quite 
straight, but should all be curved 
slightly, a position which tends to 
promote agility in passages. The 
clamp, /, is intended to hold a little 
music-dip for use out of doors. In thfc table 
of fingering which follows it will be noticed that 
many notes can be played in more than one 
way ; to determine which should be adopted will 
depend entirely on the music, one fingering 
being more suitable to some particular passage 
than to others. This matter the student can 
learn only by experience. 

In the table on the next page the figures 1 to 6, 
above the line in each hand, represent the keys 
controlled by the first three fingers of either hand ; 
the figures below the line refer to the extra keys, 
all of which are numbered as in the illustrations. 
7 and 8 are played with the left thumb, 9 by the 
middle finger, and 10 and 11 by the upper joint 
of the forefinger, 12, 13, 14, by the little finger. 
The right hand manages 15, 16, 17 with the 
upper joint of the forefinger, and 18, 19 with 
the little finger. 
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Tho lines - in the table above indicate that matter. The thickness of the rood also has 

the finger is to be raised from the key it was eonsiderablo influence on the tone — if too thick 

previously occupying. it will be loud and difficult to produce; on the 

This table is to be used in conjunction with other hand, if too thin and soft a weak tone of 

the illustrations, the keys being numbered poor quality will result. The larger saxophones 

correspondingly. On examining t he fingering may have a softer reed than those of higher pitch, 

it. will be seen that the primary compass is a The mouthpiece is to be gripped between the 
little over an octave, hut by means of the keys lips, which are drawn somewhat over the teeth 
7 and 8 the whole of these notes are made to for the purpose, the reed lying on the lower lip, 
sound an octave higher ; and the compass is with about a third of its length in the mouth, 
completed by means of extra keys for the last The pressure of the lips will vary with tho pitch 
four notes. The top E and F can only be of the note. Tho lip of the tongue at the end 

obtained on the alto and tenor instruments, of the reed serves to give an “ attack ” to notes 

and, with some makers, on the baritone. requiring it. This is called tonguing. 

The Reed. The proper management of the Tho student should begin with a few simple 
reed may give some trouble at first, as the quality exercises in sustained notes, endeavouring to 
of tho tono depends mainly on this important obtain an even tone throughout, both in forte 

Ex. 1 . THE LOWER REGISTER 



Ex. 2. 








MUtlO 



and 'piano . Those may be followed by scales longer study. It is when fatigued that bad habits 

and simple passages, played at first slowly and are usually contracted, and, once acquired, they 

afterwards more rapidly. Slurring two or are difficult to break. Some students, by persist* 

more notes together and detached notes and ing in trying to run up tho high notes of a scale 

simple tonguing exercises mav follow. As soon !>ef ore walking slowly among tho low sounds, have 

as familiarity is acquired with the fingering the spoiled their lips for good playing. If the student 

scales should be studied in every major and does not begin with the low notes and gain 

minor key, as well as the chromatic scale. A power over them gradually, the danger is that 

few easy exercises are given here, and the student too tight a pressure from the mouthpiece at first 

may construct others for himself on the same may partially paralyso the lip-muscles. The 

plan. main difference in the v&lve trombone compared 

TROMBONES with the baritone saxhorn — the fingering is the 

Trombones are of two kinds, those with slides same — is tho ringing sound which the straighter 

and those with valves. The latter, on account tubing, arranged horizontally, imparts. Unless 
of ease in learning and fingering, are extensively proportions are exact in internal diameter from 

used to supplement saxhorns in brass bands. mouthpiece to bell, and the brass is of good 

Valve Trombones. The mechanism of quality and medium thickness, clearness will bo 

the pistons is the same as that for the baritone lacking, and the open notes will be neither firm 

saxhorn ; tho method of tuning being also alike. nor satisfactory in timbre. 

As band parts are written in the treble clef, the Slide Trombones. The ambitious stu- 
student will find tho instructions given concern- dent, however, will not content himself with the 

ing the saxhorns applicable to tho valve trom- piston mechanism. If he has an opportunity of 

bone [page 5130]. Tho valve trombones are becoming possessed of a slide trombone, he will 

strongly made for Army use, in four patterns, soon perceive that for purity and brilliancy of 

the alto in EP, costing from about £3 l(>s. ; the tone it is far preferable to the instrument with 

tenor in Bt?, from about £4 4s. ; and the valves. Indeed, the slide trombono takes very 

bass in G, from about £6; whilst some firms high rank in the modern orchestra.- Although 

• manufacture a special contra- bass in ft!?, one of the most ancient, it is the most perfect 

costing approximately £11. Mouthpieces range of all wind instruments, and is therefore 

in price from 4s. to 7s., whether plated or silver- recognised as the King of the Brass. There is no 

rimmed ; and black or brown leather cases are grander tone than that of a well -played trom- 

to be had from £1 upwards. bone, for it sounds an impressive fortissimo 

In Germany, Austria, and other parts of tho without vulgarity, and the most whispering 

Continent, brass wind instruments, instead of pianissimo with wondrous clearness. Thobeauti- 

having pistons, are furnished with rotary-action fill qualities of the slide trombone are heard to 

a . The touch, it is claimed, is thereby more advantage— as is tho case with stringed instru- 

ate, and the intonation ments — in a quartet of aceom- 

more accurate. For parade f ^ ^ __ plished players, 

purposes, nevertheless, such s ~_~pf S] The Trombone Quartet. 

mechanism gets out of order (( h. r ' ] J '1 L_ Formerly, there was a soprano 

Booner, and is more difficult to i- trombone in BP, playing an 

make right, whereas a piston can valve trombone octave higher than the tenor in- 

be quickly unscrewed, cleaned, o, b, r. Tuning slides, d. W ater key strument. It is still occasionally 
and readjusted. Holding employed for tho inter- 

the instrument tirmlv wmcl r — x— ' prctation of parts m cer- 

with the left hand, leave niNlfMk w tain compositions by 

the right free, as in the if ~ \* etc )) Bach and Mozart, being 

saxhorn, for manipula- used to double or sustain 

tion of the valves. In the soprano voices. But, 

the tenor valve trombone, slide trombone (Metzier & t*o.> as it^is scarcely ever met 

the first note to sound is with in England or 

Bb, second line bass clef, this being the easiest to France, wo confine our attention to the other 
produce. Avoid attempting to get the upper three members of the family. Of these, the 

sounds until the lip has been exercised by scales in tenor has tho best quality of tone through- 

the lower register. Practise at first frequently, at out the extent of its soale. It is, therefore, 
short intervals. This will prevent the lip trom given first and second parts ; but to make 

, becoming tired, and ensure more progress than up the trombpne quartet the alto and bass 
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instruments are indispensable. These are all 
alike in pattern, differing only in length of tube, 
which is divided into two U-shaped parts of 
cylindrical bore. .The first part expands out- 
wards at the bell, and from the portion of the 
tube opposite the bell projects a brass stay, to 
which is affixed the mouth-tube, furnishing the 
cup for the player’s lips. The second U-shaped 
tube is the trombone slide. This telescopes 
over the two ends of the first U-tube. At the. 
lower end of the slide is the water- key, and at 
it 8 upper end is the stay, extended by the right 
hand of the player for the various “ shifts.” 
Tn the bass trombone this stay has a hinged 
handle, to enable the performer to get the 
lowest notes. Thus, by pushing out the slide, 
the air-column can be lengthened with ease, so 
that, in the E ? alto, notes in the 6 in. or 4 ft. 
octaves can be sounded by a simple movement. 
Likewise, , in the tenor and bass instruments, the 
2 ft. can alternate with 8 ft. sounds at will. 

It is because no fixed points, such as piston- 
buttons, keys, or frets, regulate the pitch for 
different sounds, that — as is the case with the 
violin or the voice — the trombonist must be 
guided by the musical qualities of his ear. 
Every shift transposes the instrument a semi- 
tone lower in pitch. But if quarter tones are 
required they can be obtained. As those, and 
even eighths of tones, are employed in certain 
Oriental melodies, the only European instru- 
ments capable of performing them ure our 
violins and trombones. On all piston instru- 
ments, as with the piano and church organ, there 
is no sensible difference between Aft and B?, 
Ojf and EP, and so on. On the slide trom- 
bone, however, accomplished players give the 
true enharmonic sounds by moving the slide a 
little higher up for sharpened notes than they do 
for those which are flattened. 

Compass. The trombones are not “ trans- 
posing ” instruments, but sound the notes as 
written. Each model has a compass of a 
little over two octaves, but an octave and a half 
suffices for the best effects. For the alto trom- 
bone in E(7, the music is written in the alto clef, 
with C on the third line. In this instrument 
the student should cultivate the higher rather 
than the lower sounds, as the latter are better 
played by the tenor instrument. The quality 
of tone of B (first ledger line above alto staff), 
C, D, E, and F, is particularly useful. When the 
slide is closed, the notes in" Ex. 1 are obtained 



by the lip, without counting the fundamental 
C I?, which is unsatisfactory. 

By means of changing the position of the slide, 
the tone extends from A (below second ledger 
line) to D JJ (on second ledger lino above staff), 
with all the intervening semitones. The cost 
of the alto in El? ranges from £3. 

T enor Trombone. The tenor, the chief in- 
strument of the family, is in Bb. Music for it is 
written both in the tenor and the bass clef, so 
tho student is advised to accustom himself 
equally to both clefs, bv writing out exercises 
printed in the bass with the tenor signature, 
and vice-versa. The lowest note on the tenor 
trombone is E, first ledger line below bass staff, 
.and the highest is AJt over third ledger line 
above staff. In England the price ranges from 
about £3 5s. for a well-made instrument. When 
three tenors are used together, it frequently 
happens that the music is written in three clefs, 
alto, tenor, and bass* the first having C on the 
third line, tho second 0 on the fourth, and the 
third F on the fifth. This makes the parts 
easier to read than when many ledger lines are 
used, as soon as the student has accustomed 
himself to the clefs. If habituated to the treble 
clef, he has only to imagine in the alto that every 
B becomes a C. every C a P, and so on, an octave 
lower. This operation is reversed for the tenor 
clef, with middle C on the fourth line. Then 
every C becomes a B, every D a C, and so on, 
an octave lower than it would Ixj in the treble 
clef. By transposing on paper melodies written 
on one clef into another, the trombone student 
will soon acquire the necessary knack, so that 
when he takes his place in an orchestra he will 
have an advantage over players, perhaps more 
proficient, than himself, who have not given 
attention to this matter. 

Th;p Importance of the Slide. The 

superiority of the slide over valves will be evident 
if we compare two instruments, by taking two 
tubes of equal length, one straight — such as the 
coach-horn — and the other of the same length 
coiled up like a bugle. The tone quality of the 
straight instrument is more ringing, and carries 
a greater distance. Inevitably, in piston instru- 
ments, the extra tubing attached to different 
valves, when not used, is bo much dead weight, 
impairing the vibration. Moreover, on account 
of the differing length of the air-column within 
the tube, if the second piston lowers the sound 
half a tone, and the third a tone and a half, the 
additional tubing for the half-tone of the shorter 
air-column may be true when transposing the 
pitch of open notes. But its length will be 
obviously insufficient when, added to the tone 
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and a half of the longer column opened up by 
the third pistpn. 

The harmonic series on valve instruments 
* thus sounds too sharp when more than one 
piston is used. To compensate for the discrepancy 
a fourth piston is sometimes added in the larger 
valve instruments ; but in the slide trombone, 
os on the violin, the player regulates the length 
of each vibrating segment at will, so that he is 
able to produce truly almost every harmonic lie 
desires. The slide trombone, and particularly the 
tenor, is thus more perfect, musically, than any 
other wind instrument. 

First and Second Positions. When the 
slide is closed the trombone is said to be in the first 
position. In a tenor instrument, as with the open 
notes on a baritone saxhorn, the following five 
harmonic sounds result: Bt? (second line bass 
clef), F, Bt?, I), and F above. Later on, when the 
lip of the student obtains these notes with 
facility, with a tighter embouchure, he will got 
tho At? and top Bt?. At first, however, the lip 
should never l>e forced unduly. 

Having mastered these sounds, beginning with 
the Bt?,and not resting satisfied till tho F above 
is produced clearly, as well as the octave Bt? 
and the tenth, with increased tension for the 
higher notes, the lip may be. exercised by chang- 
ing the order of the sounds. At first it is well to 
give a separate breath to each note. Play in 
slow time, counting four on every one sound. 
Then shorten tho duration of each note by count- 
ing, mentally, two for every one ; and, finally, 
get the five notes clearly on the five beats. 
After transposing tho order, triplets and dotted 
notes may bo practised in slow time. Do not 
attempt double or triple tonguing, nor waste 
time exercising to get a trill by moving the slide 
in and out. [Ex. 2]. 

In different makes of instruments the dis- 
tance to which the slide should be extended 
slightly varies for the different positions. 
Generally speaking, what is known as the 
“first shift” (analogous to putting down the 
second piston on the baritone saxhorn) is throe 
and a half inches, or 70 millimetres from tho 
first position when tho slide is closed up. This 
gives the second position. 

Attitude, A word here may he said regard- 
ing the attitude of the student. His head and 
body should be erect. The instrument must be 
grasped firmly without unnecessary movement, 
keeping the left arm to the side. Although in 
some instruments the elbows may be kept close 
to the body, there should lie no pressure on the 
ribs in trombone playing, or breathing will be 
impeded. The thumb and middle finger of the 
left hand hold the cross-stay nearest the player, 
whilst the first left finger hooks itself over the 
second stay, so as to regulate the pressure of 
the mouthpiece on the lips. The other two 
fingers should be bent over gracefully. As regards 
the right hand, the thumb and forefinger hold 
the stay crossing the near end of the trombone 
slide, the fingers being closed and not opened. 

When in position the main tube, which carries 
the bell, passes over the left shoulder, and the 


MUSIO 

slide should bo held slightly downwards, os 
remote positions are then easier to obtain 
accurately and the strain is less on the upper 
lip. At the bond of the tube over the left shoulder 
is tho tuning slide, which should be kept in good 
order. H the pitch of the instrument is too sharp, 
it can be corrected bv slightly pulling out this 
part. As regards choice of mouthpiece, the 
student is referred to the remarks made on that 
subject in tho Saxhorns [page 5131-2], as also 
for tho method of blowing. The tongue, however, 
must not give any stroke beforo the slide is 
extended or contracted to the position required to 
produce the note to be played. It is only by con- 
stant practice that the forearm and w T rist will 
move with the neecssaiy suppleness and stop 
without hesitation at the exact point required. 
Military trombone players are apt to cultivate a 
hard, brassy tone, which becomes disagreeable 
in the concert -room. Having sounded, with the 
slide closed, the Bt?, F, Bt>, D, and F above 
(articulating the syllable “ too” by a movement 
of the tongue as if expelling a bit of fluff from the 
inou tli ), by extending the slide to the first shift the 
harmonic series will be found lowered a semitone 
in pitch. Tho low note, therefore, should now 
l>e At}. Get this clearly. Then sound the E above. 
Next obtain the octave A ; afterwards the 
tenth, or On ; and, finally, the twelfth, or E. 
Tho tone is thus transposed from Bt?, with two 
flats, to the key of A, with three sharps. 

As before, having obtained the five sounds 
distinctly, change their order, practising the 
fifth with the keynote, the twelfth, octave, tenth, 
and so on, varying the rhythm and increasing the 
speed as the*lip gains in flexibility [Ex; 3], 

Third Position. By extending the slide 
about seven inches from the first position, tho 
student gets to the “second shift,” analogous 
to putting down the first piston of the baritone 
saxhorn. Tho instrument, therefore, giving as its 
low note A!?, has now transposed itself from a 
sharp to a flat key, with four lowering signs — 
B, E, A, I). The first note to sound is therefore 
At?, first space bass clef. Above it comes tho 
fifth octave, tenth, and twelfth from the tonic, 
or Ef?, At?, C and ElJ. Blow these sounds care- 
fully without forcing them, practising the three 
lower ones before attempting the two higher. 
Construct exercises on these five notes. 

Fourth and Fifth Positions. Extending 
the slide about 10J in., the student reaches the 
“ third shift,” giving the same sounds as when the 
first and second pistons in the baritone arc put 
down. The low note is now G tf. So the fourth 
position brings us into an easy key so far as con- 
cerns the reading of notation. Get this low G 
(first lino bass clef) with a full, mellow tone, and 
then the fifth, octave, tenth, and twelfth above, 
or D, G, B, and D. In learning the harmonic 
series on the different positions, the student will 
find assistance by transposing the different Army 
bugle-calls into the various keys of the positions. 
Try the Sergeants’ Barrack Call [Ex. . 4 ]. 

The fifth position is otherwise known as 
the “ fourth shift,” and gives the same sounds 
as when the Becond and third pistons are put 
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down together on the baritone. Extending the 
slide M in., the low note will now he G P, or F£, 
so tliat there is a choice of a key with either six 
flats or six sharps. Sound low G ?, with T) P , B P, 
and DP above, practising especially the three 
lower notes till they are sounded with facility. 

Sixth aind Seventh Positions. Pushing 
out the slide 17 J in. gives us a fifth shift, with 
sounds similar in pitch to those of the baritone 
when the first and third valves are put down. 
The harmonic series is now in the key of F — a 
favourite in military music, with one flat, B. 
Sound low F, with (', F, A, and C above. Try 
the '‘Sergeants’ Dinner Call” [Kx. 5J. 

Fx tending the slide 21 in., we get the “sixth 
shift,” or extreme position, as when all three pis- 
tons are down on the baritone. This lowers tilt* 
sounds from F to E{|, so that the key has now 
four sharps instead of one flat, the low note 
being E, first ledger line below bass staff, and not 
IS P, as is sometimes written by composers. Sound 
the low E, with B, E,G and B above, practising, 
with the first, the intervals of a fifth, octave, 
tenth, and twelfth. As an exercise, we give the 
opening bars of the “ Last Post ” [ Kx. 6], For 
a shilling, the student can get all the Army 
bugle sounds. If he does this, he will observe 
that, as the calls are written in the treble clef in 
C, for this position he has merely to obliterate 
that clef and add four sharps, and the notation 
is precisely the same for the bass. For the sixth 
shift, he thus has plenty of exercises admirably 
adapted for familiarising him with the correct 
sounds and articulation of the five notes. 

Inserting Thirds. Knowing that this 
is a chromatic instrument, the student, noticing 
the skips in each scries from the keynote to the 
fifth, from tho fifth to the octave, and thence 
to the tenth and twelfth above, will he eager 
to understand how the missing sounds are 
filled up. If ho endeavours prematurely to 
attack the chromatic scale his mind will become 
confused. He must be content, therefore, not 
to rush at the problem, but to master the 
instrument gradually. That interval most 
required is the third. If he inserts this neatly 
in each series, meanwhile, he will be going in 
the right direction. Having closed the slide 
and returned to tho first position, a third 
above BP is D. This, it will he remembered, 
is the second note in the fourth position, or 
third shift, or a fifth above G. Sound 
the BP. Then advance the slide 10£ in., so 
that the D is given clearly. Play these two 
notes slowly in succession and gradually quicken 
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the pace. Sound the low BP, following it by 
1), in the third shift ; return to the first position, 
sounding F, BP, and D above, the second D 
l>eing in the first pas it ion. Then descend the 
series in like manner, extending the slide accu- 
rately for the lower D. In the same way, tho 
missing third in the second position will 1x5 
sounded by extending the slide to tho fifth 
position; that lacking from the third pasition 
by expanding the tube to tho sixth ; that 
absent from the fourth position will be obtained 
from the seventh ; that missing from the fifth 
will bo found in the first ; the third absent 
from the sixth sounds on returning to the second ; 
and the third which cannot be produced in the 
seventh is elicited on coming to tho third. 

When once the mind of the student grasps 
the idea of tho principle governing the manipu- 
lation of the slide foi* the insertion of the thirds, 
he lias practically filled up the whole diatonic 
series of notes for the performance of all tho 
major scales. But he must work first on the 
thirds, constructing exercises to familiarise 
himself with the most usual shifts. A littlo 
thought will enable him to do this. If in- 
genuity lacks, many cheap instruction books 
may be obtained. These, however, usually give 
the exercises without tho explanation which a 
master is supposed to supply. Nevertheless, 
the best teachers have been the readiest to 
recognise the importance of self-culture and of 
stimulating the student to acquire knowledge 
by the active exercise of his own faculties. 
Mere passive perception of details of knowledge 
may answer average requirements, but the best 
master in the world cannot make, a good musician 
if the student shrinks from using his intelligence. 

Scale of BP. Get the low BP in the 
first position. Use the sixth for 0 1|, this being 
the second harmonic in that series. Now slide 
to the fourth position for the D, and the third 
for the EP. Fp is obtained in the first posi- 
tion. So far, except the first, the notes have 
all been second of their harmonic series. With 
somewhat more tension on the lip, get the G 
on putting the slide in the fourth position and 
sounding the third harmonic of that series. 
Then get to the second position for the A, 
produced equally on the sixth, but with a 
tighter lip. For the Bp, return to the first 
position or go from the sixth to the fifth. 0 is 
sounded in the third or the sixth position. 
BP is obtained in the first or fourth. EP is 
the fifth sound in the third position or the 
sixth in the sixth position. 

m 
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Finally, F tf above is the fifth sound in the 
first position, «the seventh in the sixth, or the 
sixth in the fourth* Return in the same way, 
and when low B b is reached, the A beneath it 
can be obtained in the second position, the 
G in the fourth, and the F in the sixth. Then 
return to the Bb to complete the scale. 

G Major. The first note, second space bass 
clef, or first space below tenor staff, is obtained 
from the sixth position. D abovo is the second 
sound in the fourth position. E Jj is obtained 
in the second position and F in the first. G is 
the third sound in the fourth position, A the 
third in the second, Bt[ the fourth in the 
fourth position, C the fourth in the third, D 
the fourth in the first, E the fifth in the second, 
F the fifth in the first, and G the sixth in the 
fourth. This is as high as the student should 
attempt. Return in the same way. 

The Relative Minor. Write out the 
foregoing exercise both in the bass and tenor 
clef, putting the numbers of the positions over 
each note. If we now tako A minor, the low 
sound in the second position gives the til's t 
note. Extend the slide to the seventh position 
for the B, which is the second sound in that 
series. Then bring the slide to the sixth 
position for the C above, to the fourth for the 

D, and the second for the E. For F extend 
the slide to the fifth, that being the third note 
of the series, and bring the slide to the third 
position for the GJ. Draw it to the second 
position for Ajj, and extend it to the fourth 
for the B. The third position will then give 
the C, the first the D, and the second the E. 
That is the limit. Returning, sound the top 

E, D, C, B, and A as before. Now G jj will l>e 
the third note of tho series in the fourth position, 
instead of in the third, while F tf is the 
second sound in the first position instead of the 
third in the fifth, which gave Ft Get the 
E, D, C, B, and A as before. 

Tho instructions given for cleaning saxhorns 
apply equally to the trombone, but the sim- 
plicity of this instrument renders it much more 
easy to keep in order. The water-key should 
bo used to let out the moisture condensed with 
tho breath at intervals during playing. On 
conclusion of practice tho slide tube should 
be detachod and inverted. Unlike the violinist, 
the trombone student has no strings to adjust, 
nor has he, like the clarionet, oboe, or bassoon 
player, any reeds to trouble him, nor keys to 
clean. 

BASS TROMBONE 

This instrument extends the compasp of the 
tenor four semitones downwards to CjJ, second 
ledger line below bass clef. Its great value is 
that, in sustaining chords, the slide instrument 
is distinguished by remarkable depth of power 
and sonorousness impossible to obtain from tho 
smaller members of the same family. As tho tube 
is longer and the instrument heavier, tho student 
who takes up the bass trombone ought to be 
strong-chested and strong-lipped. The manner of 
holding the bass trombone is similar in method 
to the attitude described for the tenor ; but for 


extreme positions the right hand manipulates 
the handle, which is hinged to the stay at the 
top of the slide. Be careful, on .account of the 
weight of the instrument, that tho grasp of the 
left fingers on the other stays is firm, so that the 
mouthpiece may not be jerked from the lips, 
and the embouclitiro upset, by undue thrusting 
forward of the slide by the right hand. 

The Seven Positions. As in the tenor or 
alto so in the bass trombone, there are seven posi- 
tions or six shifts. In the G trombone the instru- 
ment is in the first position when the slide is 
closed, analogous, in an instrument with pistons, 
to the open notes of the latter which sound when 
no valves are used, with this result : G (first line 
bass clef), D (third line), with G, B, D, F, and 
G above. On the long tube, therefore, seven 
harmonics, the last giving the double octave 
from the low G, can be produced by tightening 
the lips after a fair amount of practice. 

On a G valve trombone the pitch is flattened a 
semitone, throughout tho harmonic series, by 
pressing down the second piston ; or when the 
slide is moved forward 4£ in. the result is the 
same, as we then have the last-mentioned notes 
preceded by flats. This gives tho second posi- 
tion. Write out each position on paper. 

On a piston bass trombone, the open pitch is 
flattened (for the third position) a whole tone 
by pressing down the first valve. On a slide 
instrument, move the stay about 9 in. from 
the first position. The harmonics then obtained 
are F (below bass staff), with C, F, A, C, Eb, 
and F above. 

By pressing down together the first and second 
pistons, or the third alone, a G valve trombone 
is flattened a tone and a half. On a slide instru- 
ment, extend the stay about 13.J in. The 
resultant tones are then E (first ledger line 
below staff), with B, E, G^f, B, D, and C above — 
the fourth position. 

Fifth Position. Depress (he third and 
second pistons together. This flattens the G 
valve trombone two whole tones — the fifth posi- 
tion. Extend the slide— on an instrument with- 
out valves— about 17J in. The harmonics then 
obtained are sin) ilar to those of the last position 
preceded by flat signs. 

Putting down first and third pistons together, 
the pitch of a valve instrument is lowered 
two tones and a half — the sixth position. 
Without valves the slide must be extended 
21 J in., the harmonic scries elicited being D 
(below first ledger line), A (a fifth above), D (an 
octave above), Ft (a fifth above), A (a twelfth), 
C (a fourteenth), and D (a fifteenth from the 
tonic D). Thus it will be observed how in 
cylindrical tubing tho harmonics sound closer 
together as the pitch ascends and each vibrating 
segment diminishes in length. 

To get the instrument in the seventh position, 
simultaneously depress the three pistons. This 
flattens the instrument three whole tones, thus : 
One tone by the first valve, a tone and a half 
by addition of the second, and another tone and 
a half with the third down, or three together. 
This effect, however, is produced more truly on 
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a slide instrument by extending the stay, with 
the handle, a distance of 26 in. This is 5 in. 
more than was necessary on the tenor. The 
notes last mentioned are now flattened a semi- 
tone, so that the lowest sound, DP, gives the 
enharmonic CJf, or bottom limit to the compass 
6i the trombone family. In actual playing, 
except for its two pedal notes, this position is 
seldom employed. 

Diatonic Scale. Having begun with the 
pistons up, or the slide dosed, and obtained 
clearly the harmonies in the first position, 
then, having practised the shifts without tiring 
the lip with the upper notes — especially in the 
fourth, fifth, sixth, and seventh positions- -the 
student must endeavour to master the scale of 
BP major. We give it with the fingering above 


Ex. 2. 



the staff for the 0 valve trombone, and with the 
positions marked underneath for the slide 
instrument [Ex. 1]. 

Intervals. The manner of inserting thirds 
in the tenor slide trombone equally applies to 
the bass instillment. Tn addition to thirds, the 
student, however, should familiarise himself with 
other intervals. At first, every such exorcise 
should be practised slowly. If the scale of B 9 
major is taken, B? (second line, bass elef), as 
we have seen, will be sounded in the fifth position. 
Return to the first position to obtain Ihe D, a 
third above. 0 (second space) is easily sounded 
by the slide resting midway in the second 
position. In exercising the lip, get, therefore, 
the intervals of seconds and thirds in succession 
by playing clearly and softly Bb, C, D, and B b. 
Before proceeding to treat the second degree of 
the scale? in the same way, take a fresh breath. 
Sound 0, as before. Get the third above (Eb) 


by putting the slide in the fifth position. Connect 
the two intervals bv the D, with* the slide close 
up, and return to the C. Again pause. 

Proceed to the third degree. Sound the D 
as before. F (a third above) is obtained by the 
third position. To insert the Eb between these 
notes, extend the slide to the fifth position. Then 
return to the D. Take a fresh breath and start 
again on the E b. Get the G, a third above, by 
bringing the slide to the first position. Insert 
the F, and return to the Eb. Next, try the F 
(third position), following it by the A above 
(also in the third), but insert the G by closing the 
Rlide in the first position. Take a short rest before 
sinking, with a firmer lip, the G on the fifth 
space. Get the B a third above, by extending 
the slide to the second position, and insert the 
A by going to the third. There is no need for 
fhe beginner to proceed beyond the B ?. Inter- 
vals of fourths, fifths, sixths, sevenths, and 
octaves should be treated in similar fashion. 

Chromatic Scale. Transpose the scale 
above on paper into the other major scales. Mark 


[descend in# 
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the fingering of each note, or the position, by 
referring to the particulars already given. But, 
in order that the student may tn able to play 
correctly the keys containing sharps or flats not 
yet mentioned, as well as minor scales, wo give 
the fingering for the valves, and positions of the 
slide, for the chromatic scale throughout the 
entire compass, using sharps in ascending and 
fiats in descending [Ex, 2]. 

Amongst the great composers who have given 
most prominence to this wonderful family of 
instruments may be mentioned Wagner, Strauss, 
Gluck, Beethoven, Rossini, and Mozart. 

The Cost. According to the quality and the 
particular make, so the price of a G trombone* 
varies, but a good bass instrument may be 
obtained from £3 10s. upwards. On account of 
the extra mechanism, a valve instrument costs 
from upwards. Mouthpieces and cases are 
similar to those for the tenor. 
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WHERE TO LIVE & BE HEALTHY he*™ 

Effect of Climate and Soil on Health. Surface Soil and its 19 

Bacteria. The Hygiene of Soils. Good and Bad Sites for Houses „ „ 

Con tinned from 
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By Dr. A. T. SCHOFIELD 

'THE cooling of the molten part of the earth’s the increasing depth of the soil from the surface. 

1 surface produced the igneous rocks, while the The proportion of nitrogen remains constantly in 

rain and decomposition due to weather produced the same proportion as in the atmosphore. The 

the sedimentary rocks and soils. Among the excess of impurities and carbon dioxide in the 

igneous rocks we may include lava, basalt, ground air is so great that it is dangerous to lot. 

granite, etc. Among sedimentary— or aqueous, it enter the house, as it does at times. The 

as they are rightly called -we may include sand- carbon dioxide always increases after rain, 

stones, greensand, limestone, chalk, gravel, clay. Ground air moves by temperature, pressure, 
and the soil itself, os surface or subsoil. rain, and subsoil water. After heavy rain it 

What a Pound of Earth Contains, may lx; forced out in dry places, such as basements. 

Surface soil is largely an organic composed and so enter tire house. Besides this, dwellings 

of decaying vegetable and animal matter. are warm, and thus suck the ground air in. Gas 

The subsoil is composed of inorganic debris of has been known to be drawn into a house from 

rocks only. Soils are constantly moved up and a hurst pipe 20 ft. distant through the soil, 

aerated (like currents of air) by the labours of Water in the Soil. The moisture in the 
earthworms, moles, ants, etc. earth at certain depths, increasing to saturation, 

The surface soil is so full of bacteria that, it is forms a continuous sheet, of water at from a 


calculated there are some 500,000,000 in every 
pound of earth. These have the power readily 
to decompose organic matter into nitrates, 
nitrites, ammonia, carbonic acid and water. 

Vegetables, unlike men, cannot, assimilate 
nitrogen from complex bodies, but only when 
these are split up. 

Certain vegetables (legumes and cereals) can get 
their free nitrogen, without ammonia or nitra- 
fication, by means of bacteria that form nodules 
and colonies in their rootlets, and supply it to 
their hosts. They have to be fed with a carbo- 
hydrate, and fix the nitrogen in proportion 
as they use up the former. Nilraqen , as these 
microbes are called, is sold for fertilising grain 
and l»ean erops. No less than seventeen different 
solutions of germs for seventeen varieties of crops 
are made and sold at 2s. (Id. per bottle, two bottles 
fertilising an acre, and enormously increasing 
the yield. Earth entirely freed from bacteria is 
sterile and w ill not nourish plants. 

The pathogenic or disease -bearing bacteria 
common in the soil are those of tetanus or lock- 
jaw (very common in garden mould), typhoid, 
glanders, anthrax, and cholera. The surface soil 
is thus a great laboratory for germs and worms. 

The Effect of Soils on Health. Clay 
produces rheumatism, catarrhs, neuralgia ; 
alluvial soil, malaria ; gravel and chalk arc 
excellent for health. Old Swindon is on limesl one 
and sand, and Now Swindon on heavy clay. The 
cases of jneasles in New Swindon arc 20 to 1 com- 
pared with the other town, and chest diseases are 
one-third more. The looser the soil the higher the 
temperature, and the frost does not strike so deep. 

Air in the soil varies according to the soil 
In sands it may be as much as 50 per cent. It 
generally resembles the air above, but, inas- 
much as the composition of the air is variable, 
being a mixture and not a compound, it ds not 
exactly the same. It is always more impure, (he 
oxygen is less and the carbon dioxide is more with 


few inches to 100 ft. below the surface. Above 
this level the soil is kept, moist by rain ; below 
this level by capillary attraction and the evapora- 
tion of the water below. 

Subsoil water is always slowly moving to- 
wards some outlet. Rising subsoil water is 
dangerous, as it forces the air out of the soil and 
leads to the possible pollution of shallow w r ells 
by connecting them with neighbouring cess- 
pools. Falling subsoil water leaves the soil 
moist and full of air. 

All soils hold water in proportion to their 
permeability and absorption. Their |X*rmea- 
bilitv is the speed of jiercohition through them : 
clay is the slowest,; chalk, greensand, and snnd 
the quickest. Below is a table of the absorption 
of water in soils. 

Tor cent. I’er cent, 

(.'ranite .. .. *1 to *1 Sandstone .. 3 to K 

Sl:it,es . . . . 2 „ 10 Chalk . . . . l. r > „ 20 

Limestone .. fi ,, in Marl and loam .. 30 ,, fifl 

Moisture in soil increases writh the amount 
of organic matter. If the subsoil water be within 
5 ft. of the surface it is injurious to health. 

In summer there is little percolation. The 
ground water begins to rise in November, and 
reaches its maximum about March, decreasing 
towards the summer. 

A permanent level of subsoil water is much 
better than one that fluctuates ; and a low level 
is best. The level of subsoil water can be tested 
by cups fixed in a rope in the well. Uniform 
depth of water in a well shows the level of sub- 
soil water. The rise and fall of the water was 
discovered by Pettenkoffer to be the cause of 
typhoid in Munich. 

To lessen and carry it off there require to be 
large, porous drainage pipes laid 3 ft. below 
the surface and 6 ft. apart — quite distinct from 
all drainage. Damp soil signifies air and water ; 
ground water means all water and no air. 

Txjose sand holds 2 gallons of water per 
cubic ft. Sandstone holds 1 gall. The n ubsoil 
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water in Austria moves up and down with the Humidity in the air increases the ©fleet of hot 
Danube, though it is three-quarters of a mile away, climates and lessens that of cold, because it 
Sites for Houses. A good site requires retards the evaporation, 
pure air, no dust, level ground, sunshine, an even In a very dry climate evaporation is too great, 
temperaturo, and no strong winds, and should be In health, -75 per cent, of saturation in the air 
away from motor-haunted highways or byways, is beBt. The wind increases the evaporation. 
Volleys should be avoided and expression and For people between 40 and 80 years of age, the 
pockets on levels. Aslight elevation is good —on colder temperature is the more healthy, 
the spur of a hill or terrace. Houses should not be The Healthiest English Climate, A 
built under the side of a hill. The soil and sub- hot summer and a high death rate go together, 
soil should be examined; there should be no gravel A rise from 58° to 62° in summer will 

g ockets on clay, which are always very damp, often bring on an increase of 15 per cent, in 
lay with sandstone is good. Peat and organic the death rate. Tho healthiest permanent 
refuse, “ made ” and alluvial soils are bad. English climate is from 50° to 55° F, Europeans 
Sandstone and gravel is often damp — limestone do not flourish when tho mean temperaturo is 
is best Soil made up of u shot ” rubbish should 20° above our own. Cold that may be well 
never bo used. borne in health cannot bo borne in sickness or 

Tho side of a hill is, of course, warmer than old age, but in phthisis is well withstood, 
tho valley, because while the warm air rises the Shade heat is worse and harder to hear than sun 
cold slides down the hill. In a valley the fogs heat. If the sun heat be 120° tho shade will 
lie and the frosts are always keen. There should be 00°. Winds also affect climates ; the Fohn, 
always he shelter from tho prevailing wind of Mistral, the Sirocco, and the East wind are 
(ho district. examples of this. 

There should l)e free circulation of air, sheltered Tho climate of the sea is equable, while that 
from tho north and east by rise of land or belt of continents is unequal. Drainage raises the 
of trees. The site should not be near a brickyard temperature by drying tho land. All vegetation 
or graveyard, or a sewage farm or infectious increases humidity and tends to lower tempera- 
hospital. The worst site is a hollow of bad turo. The electrical state of tho atmosphere is 
gravel on a clay substratum and high subsoil also a factor in climate. 

water; tho best is at the top of a slope on sand Warm climates are of three sorts — humid, as 
or gravel, with low permanent subsoil water. Madeira ; moderate, as Now Zealand, Great 
A site on tho banks of rivers is not very Britain, Algiers : dry, as the Riviera and 
healthy. Porous soil is l>est, and, next to that, Australia. 

rocks, granite, clay, chalk. vSubsoril water is Island and shore climates are the purest and 
best 15 ft. below the surface, but should not be best and are full of ozone. They are excellent for 
less than 10 ft. convalescence, scrofula, and depression, but not 

Tlireo points should be remembered — the for irritable nerves, 
aspect and exposure to wind, sun, and air, tho Climate by the Sea. Ocean climates are 
nature of the soil, and the surroundings. good for lung diseases. England, with a rango 

Tho amount of sunshine received in a room of temperaturo of 20°, is most healthy, 
facing east is five hours in the morning, except- On the shore, the breeze is generally from the 
ing in winter; facing south-east, eight hours in the sea from sunrise to sunset, because the land 
summer, and three in winter ; facing south, from radiates heat quicker than tho water. It is 
7.30 a.m. to 4.30 p.m. ; facing south-west, from from the land from sunset to sunrise because tho 
10.30 all day; facing west, from 1.30 all day. earth coola more quickly than the sea. 

Warm Climates. We now turn to the In districts near the sea there will be a great 
question of olimate. A warm climate has a rainfall, no dust spores, but light variable winds, 
temperature of from 80° to 84°, and produces sun- It is good for residence, and increases the 
stroke, cholera, yellow fever, etc. A temperate expansion of lungs and the rapidity of tissue 
climate has a temperature of from 50° to 60°, changes. It is good for phthisis, overwork, 
and produces ordinary English diseases. A cold general convalescence, and as a prevention of 
climate has a temperature of from 32° to 40°, cholera. It is not good for bronchitis, heart 
and produces scurvy. disease, chronic rheumatism, or old age. 

Warm climates are good for pooplo suffering The climate of woods and forests is cool but 
from lung diseases and rheumatism ; hot climates equable and sheltered, and is good for chronic 
for abdominal diseases ; cold climates for lung bronchitis, heart disease, and irritable nervous 
diseases. Continental climates (as Asia) are cold, diseases. 

and the West wind is cold and South hot. Insular Desert climate, as at Helouan and Assouan, 
climates (Europe) have a mild West wind and is good for chronic rheumatism, 
cool South. Mixed climates (NorthAmerioa) have The vital activity varies with the season of the 
a cold West wind and a cool South. Hot climates year. In winter and spring respiratory diseases 
enervate, becauso the tissue changes are so slow ; are rife ; in winter the vital activity is at a 
one is more healthy where they are rapid. The maximum ; in spring it is at a maximum and 
most unhealthy climate is that on the coast in decreasing ; in summer it is decreasing to mini- 
the tropics. Tropical climates are very much mum ; in autumn it is at minimum and 
more unhealthy than they need to be, on increasing ; in summer and autumn digestive 
account of the effect which heat has on filth, diseases are most rife. 

Continued 
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Portable Machines of Reciprocating and Rotary Tvoes 
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By FRED HORNER 


TTIE machine tools which have been previously 
* treated are all of fixed type — that is, they are 
fastened down to the flooring of the shop or upon 
special masonry or concrete foundations, Tn all 
such cases the work has to be taken to the machines 
to be tooled. 

There is another important class of machines, 
the use of which is rapidly increasing, that of 
the portable types, which maybe carried about any- 
where and set to work on massive pieces, or upon 
light jobs. Two main reasons may be cited for the 
employment of such machines. In the case of very 
heavy castings or forgings, it is often inconvenient 
and costly to move them about the shop to the 
different tools, and difficult, to adapt the latter to 
operate suitably ; and on large mechanisms in course 
of erection the fixed tools cannot be brought into use. 
Apart from the trouble of carrying massive castings 
to and fro in a shop, there is the question of cost, 
of machines, which, to hold such work, would 


machine of similar capacity, the advantage being 
due to the difference in mass. 

Types of Portable Machines. There 
are three kinds of portable machines— those placed 
upon a plate in the shop and moved about around 
the work, thoso which are attached direct to the 
work, and the light ones which arc simply held in 
the hands and presented to the work. The last 
method is possible only in the lightest classes 
of operations, and is confined chiefly to drilling 
and tapping, chipping, caulking, riveting, and 
grinding. The question of whether the tool shall 
he attached to the work or to a plate alongside 
is often one of relative convenience, and may 
depend on the character of the operations to be 
performed. If a large casting has to he planed, 
shaped, or slotted, and (hen drilled or milled on 
various faces, it is better to fix it firmly, and shift 
the tools about into different positions to suit the 


need very large beds or tables, and anus or rails 
of great span to reach over and cut upon the 
various portions. In following such methods, 
there would also be a lot of re-setting and 
clamping to ensure the different sections being 
tooled correctly, which setting would often 
consume more time than the actual cutting, 
on account of the awkward shapes, necessita- 
ting much packing and blocking up. 

The Uses of Portable Tools. 

Again, after the erection of an engine or other 
mechanism has begun, there is frequently a 
good deal of machining fo be done as the 
work progresses, especially drilling of holes, 
the locations of which cannot bo determined 
at the beginning. Tf no portable tools 
were available, the work Vould have to be 
done with hand tools, or the portions dis- 
mantled, and taken back to the machine shop, 
obviously an uneconomical procedure. In 
those works which are unprovided with suitable 
portable machines one often sees a good deal 
of chipping and filing done on the smaller 
areas, to avoid sending them to the shop, and 
a large amount of drilling and rcamering 
effected with the ratchet brace, worked l>y 
hand. Both of these methods are slow, and 
not always accurate, so that a demand has 
grown for special tools that can lie taken to the 
job, and affixed to it in any position, to plane, 
shape, slot, mill, drill, ream, tap, grind, or 
polish any sections. These portables are of 
comparatively small size, and correspondingly 
cheap by comparison with big fixed machines, 
with their expensive foundation, and their 
handiness is such that an Operation may be 
completed in certain instances long before the 
job could have been taken to a fixed tool, 
Bet correctly, and bolted down. It is a case 
of adjusting the tool fo the work, instead of 
vice versfL The amount of power consumed 
in moving the light parts of a portable machine 
is less than that required by a fixed class of 
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requirements. This is called floor or surface plate- 
work, and is carried out most extensively in the 
large electrical factories, building dynamos ranging 
up to 30 ft. or more in diameter, the segments of 
which are handled on door-plates. Engine builders 
also employ floor-vlates for tooling some of the mas- 
sive beds, standards, and flywheels. 

Floor«plates. The floor-plate provides a 
large, flat area, upon which work may be set 
accurately, and held, while the machines are placed 
whore desired to operate on the different parts. 
The plate is practically one large foundation or 
table common to a number of machines, instead of 
belonging to one only. As the accuracy of the work 
done depends on the condition of the plate, it is 
constructed strongly, and set with great care. 
Cast iron is the material used, and it is built up 
with a number of sections bolted together to form a 
sufficiently large area to carry one big piece of work, 
or several sets on different portions. Figure 97 gives 
a plan and elevation of a moderate-sized floor- plate 
(l^ancis Berry & Sons, Sowerby Bridge), measuring 
20 ft. by 14 ft. It is of hollow form, 1 ft. 2 in. in 
depth, and provided with longitudinal and cross 
ribs, seen dotted. The plate is built up in two 
pieces, jointed along the centre with, a tongue and 
groove, and secured with forty bolts. There are 
28 longitudinal tee-slots for lj-in. bolts by which 
the work and the portable machines are secured. 
Gaps are made at three locations, as seen in the plan, 
to enable bolts to be lowered into the slots and 
moved along to position, instead of having to start 
them from the end, and slide them right along. 
Apart from the time thus saved, it might often 
happen that a slot would bo covered by some 
portion that would prevent the bolts being slid 
past. The top of the plate is planed all over, and 
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the edges are also planed to serve as guides to 
set by. The term marking-off table is also applied to 
this plate, because from its true face surface gauges, 
squares, etc., may be operated to mark out work by,* 
just as it is done on the smaller marking-off tables 
in the machine shop. These instruments are also 
employed to set the eastings, etc., truly upon the 
plate in readinoss for the tooling. It is obvious that 
with a job thus placed upon its plate, and machined 
by tools also resting on the plate, the results must 
be as true as though the piece was set on an ordinary 
planer or slotter or drilling machine. 

A Large Floor»plate. Plates larger than 
this example are necessarily built up of a number of 
pieces fastened together. Probably the largest plate 
in use is that of the Westinghouso Electric and 
Manufacturing Co., at Pittsburg, employed for 
the machining of largo generators. It measures 
170 ft. long by 48 ft. wide, and is composed of 132 
sections, each 8 ft. square, bolted and keyed together. 
An ample foundation is affordod by brick piers, 12 ft. 
deep, standing on a bed of concrete, 3 ft. 0 in. thick, 
the piers being spaced 4 ft. apart, and connected 
by brick arches. All the space between is filled in, 
and finished with concrete, the top of which comes 
about 5 ft. below the underside of the floor-plate. 
The object of this is to form a chamber into which 
cuttings may fall through holes in the bottom of 
the toe-slots, and be removed by doors communicat- 
ing with the chambers. The latter may be flushed 
out with water when necessary. Powerful travelling 
cranes run overhead above the plate, to handle the 
work and the machines on it. The total weight 
of the cast iron in the plate is about 1,000 tons. 

Between such a plate as this and* the one in 97 
various sizes are made, according to the require- 
ments of the shop. Even if the work handled is not 
very large, the plate may have a considerable area, 
in order that- two or more sets of work may be put 
on it at once. If there are not enough machines to 
operate on all the pieces simultaneously, the advan- 
tage is still gained that setting and bolting down 
may proceed at one part of the plate in readiness 
for the tools when they are free to leave other work 
elsewhere. 

Floor-plate Work. The photographs show- 
ing views of floor- plates in operation will help 
the reader to understand the methods of working, 
and the drawings of the portable machines following 
indicate the features which are special to these types. 
Figure 99 gives a general view of a portion of the 
floor-plate at the works of the British Westinghouso 
Eloctric and Manufacturing Co., Ltd., TraffordPark, 
Manchester. The photograph was taken before one 
of the soctions had been put into place, so that the 
brick piers are seen at the bottom of the picture. The 
object being dealt with is a largo ring, supported on 
blocking attached to a revolvable table, and three 
radial drilling machines are drilling holes around the 
ring. The latter is revolved at intervals to bring it 
into fresh positions for other holes, the machines 
therefore remaining stationary. Figure 98 shows 
another use for the revolving base- plate, the object 
being an armature ring, or spider, which is bolted to 
the plate and given partial rotations to come under 
the ram of the portable slotter, which is elevated 
upon packing blocks above the work. As each slot is 
made in the periphery, the table is turned sufficiently 
to set it for another slot. The operator is seen 
testing the setting. If a large circular object like this 
were done by the fixed machine, it would necessitate 
the use of an abnormal table on the slotter. 

In 100 an operation with a drilling maohine 
inside the work is shown. The machine is of pillar 
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type, with a spindle driven in a bearing that is Sometimes also the eastings may have projecting 

adjustable up and down within the pillar. The drill lugs or bosses which prevent their being laid on 

is thus moved to any position. In the photo it has the plate to stand without rocking about ; by 

already put through one hole in the generator yoke, slipping a packing block under each end the pro- 

and is engaged on another above, these holes serving jeeting portion is raised dear off the plate, 

to attach the pole-pieces. By turning the entire Floor-plates, like planing-maehine tables, usually 
machine upon tnecircular table (mentioned above), it have their surfaces provided with a number of round 

is made to align with the other holes inside the ring. holes, into which stop-plugs are inserted to resist the 

Tooling of another elass is illustrated in 101, the tin list, of cutting, and so to relieve the holding-down 

machine being a rotary planer or face-milling mil- bolts to a certain extent, and prevent risk of a 

chine, of the class described in the last article, with sudden slip during tooling. The usual clamps 

a number of tools pinched in holes in a large revolv- and holts for planer work are employed on plates 

ingdise. The latter is mounted on a. spindle running to hold down the work and the machines, 

in bearings in a sliding carriage, that moves down Large numbers of wood bloc ks and struts are used 

the long bed and so makes the milling cutter face to support the. free ends of clamps which press upon 

off the work, feed for depth of cut bring imparted the work, the wood being lighter than iron packings, 

by a transverse slide on the carriage. The work and nearly as satisfactory for the purpose, although 

shown in the photo is the bottom half of a steam for packing up the castings or the machines, the 

turbine casing, blocked up with angle plates and more rigid and unyielding iron blockings are better, 

screw jacks on the floor-plate, while the bed of 1 hi Screw' jacks, for adjusting the height of eastings, 

milling inacnine is clamped with bolts and clips, arc found on most floor- plates ; they are more con- 
A large amount of facing work is done with venient to use than wedges, affording a steady lift, 

machines of this class as an alternative to putting with great precision of movement. The service of 

the job on a planer or Blotter. Joints of flywheels an overhead crane is necessary in the first place to 

and of dynamo segments are typical examples carry the work to the plate and hold it until blocked 

of awkward pieces which arc best treated mpon floor- up, but after that the final small adjustments can he 

plates, while many kinds of beds and bases are well effected by the jacks. Hydraulic jacks are some- 

suited to the method of working. There is also some times applied where the w eight of the job is ox- 

saving of time by milling, over planing, or slotting, cessive. 

in work of the character shown in 101, in which a Setting WorK on Floor»plates. The 
single- pointed tool would have to “ cut wind ” for setting of large pieces of work on floor-plates 

a good deal of the time in passing oVer the gft}>s. involves the use of special instruments which are 

A considerable amount of packing of various not found on ordinary machine tools, including 

kinds is used on the plates, including plain large squares and straightedges, and various gauges, 

parallel strips or bars, girder-shaped pieces, and For example, in setting segments of large dynamo 

castings witn tee slots to carry bolts which clamp rings some means must be found of gauging the radial 

work down, as seen in the views 98 and 99. These setting, and of marking out the inside for slotting 

are necessary to raise the work off the plate suffi- the facings which hold the pole-pieccs. A central 

eiently to let Hie cutting tools clear, or to elevate pillar is clamped on the plate, and a long radius 

the portable machines 7 into suitable positions, rod pivoted from it to reach out to the segment, 
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which !» fixed down at the correct distance. 
The truth of the circular setting is then tested 
by slewing the rod round on its pillar. The set- 
ting of the portable Blotter or drill is also tried by a 
rod. 

An interesting method of 
laying out big work has been 
adopted at the Westinghouse 
works at Pittsburg. A 
number of huge generators 
for the Manhattan Railway 
Company were ordered, having 
a total height of 42 ft., the 
revolving portion being 32 ft. 
in diameter, and the devices 
then in use for dealing with 
work of the kind were 
deemed inadequate to eopo 
with the abnormal machines 
to be built. It was feared 
that errors would creep in 
as regards the machining of 
the segment join Is and the 
drilling of the bolt holes, and 
a novel departure was made 
by the employment of sur- 
veyor’s methods, using a 
dividing and levelling instru- 
ment mounted upon a column 
bolted to the floor- plate. The 
ring segmeuts were each in 
turn packed up and clumped 
at the correct radial distance 
from the centre pillar, the testing being done by a 
centring gauge pivoted on the pillar. The correct 
angles of the joint faces were then determined by 
sighting with the instrument mounted on the pillar, 
and straightedges were clumped to the plate in exact 
radial positions as found by the instrument. The 
base of the portable slotting machine was then set 
parallel with a straightedge, adjustments being 
effected with setting screws, clamped down, and 
the segment joint tooled 
across, the Blotter being 
moved subsequently to 
the opposite end. The 
bolt holes in the ends were 
afterwards drilled, using a 
jig plate to bring them all 
alike in each segment. 

After putting together the 
lower half of Die ring, it 
was tested with the instru- 
ment to note whether the 
joint facts coincided with 
the centre of rotation, the 
result being satisfactory. 

Other tests showed that 
the machining had been 
performed very accurately. 

The instrument was 
employed also in dividing 
round the periphery of 
the rotary portion of the 
generator, to locate the 
positions of the slots. The 
operations were carried 
out on the largo floor- 
plate mentioned pre- 
viously in this article, and 
the methods are still followed by the company in 
dealing with their largo floor-plate work. 

FIoor»plate Machines. Coming now to 
^details of the machines used on these plates, we 
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find that they have certain points In common with 
ordinary machine tools, as regards slides, spindles, 
feeding and adjusting devices, but the forms of the 
framings may differ somewhat, and the methods of 
driving are not similar, on 
account of the new conditions 
to be met. A portable machine 
must obviously be free to 
move about to any required 
position, and it is impossible 
to encumber it with belts, or 
tie to it any countershaft 
positions. Happily the electric 
motor has solved this difficulty, 
enabling machines to be shifted 
about anywhere, and the 
power to be supplied through 
flexible cables, whioh may 
lay along one of the tee slots 
or lead off in any direction 
whore it is not in the wdjr. 
Several cables are visiblo trail- 
ing off the plate in 99. Previous 
to the introduction of the 
electric drive, a moderate 
amount of driving was done by 
means of round ropes, rotating 
vee’d pulleys on the machines, 
and allowing the latter to 
assume any angular positions. 
Ropes arc still employed for 
some classes of work, as we 
shall see later; but the many 
advantages of electricity have caused the older 
system to bo largely ousted. The disadvantage of 
having running ropes about the work is obviated 
by the motor drive, in which the moving parts 
are contained entirely on the portable machine, so 
that it may be placed in very awkward or confined 
situations without regard to surroundings. 

The Portable Planer. The reciprocating 
mach ines naturally constitute a large proportion of the 
types used on plates, and 
they are well adapted to 
the planing of joints and 
faces, including grooves, 
key ways, anti dovetailed 
slots. Planers or shapers, 
and slotters are employed, 
the first-named having 
horizontal strokes, and the 
second vertical strokes. An 
example of a planer or 
shajior is illustrated in 
102 (John Holroyd & Co., 
Ltd. , Milnrow). It is styled 
a universal machine, oil 
account of the complete 
range of movements pos- 
sible. The base portion 
is an 18-ft. bed, A, which 
is held down on a floor- 
plate by clamps pressing 
on the bottom flange. The 
column B, gibbed to A, 
slides upon it longi- 
tudinally oy hand move- 
ment with a ratchet lever, 
or by power, froiri the 
0}-h.p. motor, C, which 
makes 500 revolutions per minute. ..There is a spur 
gear drive from the motor shaft to one immediately 
below it, whence mitre gears (seen in the left- 
hand view) drive to a nest of bevel gears on the 
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top of the column, combined with a claw clutch 
by which the shaft D may be revolved in either 
direction. D passes down the column and drives 
a train of spur gears ending in a pinion that engages 
in a rack fastened to A, so that when the train is 
set m motion the column slides along. The base 
of the column is of circular form, fitting on the 
saddle below, that slides on A, and the edges aro 
indexed so that B may be revolved to any angular 
Position, and clamped by the bolts seen in the left- 
hand view on the base, this provision enabling the 
ram to be faced round, to shape work at any angle 
without troubling to shift the bed, A. The ram 
slides in a saddle, F, fitted on the front face of the 
column, and is driven to and fro by a pinion and rack, 
G, rotated by a spur gear, H, which derives its motion 
from a pair of bevel gears, J, driven from the sets of 
faBt ana loose pulleys, K, operated by other pulleys, 
I*, at the top of the column, also driven from the 
motor through spur gears. The difference in dia- 


meter of the sets of pulleys K and L, affords a slow 
rate of cutting and a quick return, a device already 
described in connection with planing machines 
of standard forms. The belts are shifted by forks 
actuated from adjustable dogs on the moving rain, 
K. At each stroke a partial rotation is given to the 
disc, M, which rocks a lever connected to two ratchet 
pawl levers, N. These effect partial turns of ratchet 
wheels, operating mitre gears which transmit their 
motion either to the shaft, D, or to a screw, 0 ; if 
the first, the result is that the column, B, is moved 
along its bed, A, a little after each cut taken by the 
ram ; if the second, the saddle, F, is fed similarly 
up or down the column, so that the surface of the 
work is gradually covered either in a vertical or a 
horizontal plane. The tool-box at the end of the 
ram may be angled upon a circular facing, to point 
the tool into corners ; a clapper-box fitting is pro- 
vided for relief. Another box, P, is bolted to the 
front of the ram to do face planing where the box 
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at the end cannot be conveniently applied. Other 
points which may be noted in this machine are that 
the saddle, F, is counterbalanced with a rope passing 
over the pulley at the top, holding a weight (not 
shown) inside the column, and that there arc a couple 
of eye bolts let in the top of the column, by which 
the entire machine, which weighs about 13 J tons, 
may be hoisted with the overhead traveller and 
carried to any part of the floor-plate. The stroke 
of the ram, which is 4 ft., is arranged to return at 
double the cutting speed. 

Portable Slottera* The vertical slottcrR are 
employed for tooling work that has deep vertical 
faces of no great width, the machine [1031 being 
made without a long bed. This machine, also by 
Messrs. J. Holroyd & Co., Ltd., is constructed with 
A saddle, A, moving upon the face of the column, B, 
the mass being counterbalanced by a weight inside 
the column, suspended with two wire ropes. The 
vertical stroke of 4 ft. 6 in. is obtained from a 
large, gquarc-throaded screw, 0, working in a nut 
on the back of the saddle. The 5-horse power motor, 
I), is belted up to a pulley, R, that connects to bevel 
gears on the top of the screw, through intermediary 
spur gears (covered with guards). There are 
two available ratios of slow and quick move- 
ment by these gears, thrown in 
*and out by a friction clutch be- 
tween the top pair. The clutch is 
actuated through a series of levers 
worked from the rod, F, carrying 
two adjustable dogs, GG, which 
are struck by pins on the moving 
slide. A, and given a partial t wist 
through the medium of emu 
grooves on their outsides. At the 
same time that the twisting of F 
produces the reversal a feed is 
giveu to the tool-box saddle or 
to the box slide itself by mitre 
gears driven from F and com- 
municating with a crank disc and 
ratchet and spur gears 
situated at J, the effect being 
similar to that of the mecha- 
nism already described in 
connection with planing 
machine feeds. The cross 
motion of 11 is limited to 
2 ft. fi in. There are two 
lifting hooks, one of which is 
indicated at K, and the base 
of the column has several bolt holes. 

It may be noted that the bottom edges of such 
machine bases are planed square in order that they 
may bo used as guides to set the machines by — a 
Mimple and ready method which saves much time. 

A vertical slotting machine having 4 ft. stroke is 
shown in 101 (John Hclherington & Sons, Ltd., 
Manchester). The interesting feature of tho design 
is that the quick return is effected by altering the 
speed of the motor on the top of the framing, instead 
of through reversing clutches or other means usually 
adopted. The motor shaft has a pulley from which 
a belt goes down to a larger pulley on tho base, 
driving bevel gears, at the front of the frame, which 
rotates the vortical square-threaded screw that 
moves the saddle up and down, balancing being 
done by a weight shaped to suit the inside of the 
column, and suspended over pulleys by two Rcnold 
chains. As the saddle slides, rollers mounted on 
brackets at the top and bottom corners alternately 
come into contact with cam -shaped dogs on a 
vertical shaft just behind the saddle, and twist 


this shaft, causing it to operate a reversing switch 
(not shown) that changes the direotioffi of rotation of 
the motor, and alters its speed. During the cutting 
stroke of 20 ft. per minute it runs at 350 revolu- 
tions per minute, and on the quick return of 40 ft. 
the rate rises to 700 revolutions per minute. The 
twisting of the reversing rod also imparts a feed 
to the cross-slide on the saddle through ratchet and 
spur gears in a manner that has been mentioned 
previously. The tool- box, not shown in the front 
elevation, may bo angled upon a circular facing on 
the underside of the angular bracket sliding along 
tho cross-rail. Provision is incorporated for re- 
versing tho motion of tho saddle by hand through 
the handle seen against the column in the side 
elevation, the movement of this handle operating 
mitre gears turning a short vertical shaft, which is 
connected at the bottom, by pivoted levers, to tho 
reversing shaft. The bottom edges of the base aro 
planed true. Some machines of a similar character 
are raised up on a box base to tit them better for 
coping with deep work on the floor-plate. There are 
two lifting snugs standing out from the sides of tho 
column in 104 to afford a hold for the crane slings 
or hooks. 

Some classes of shapers and slotters are con- 
structed with rams of square 
Rection, well supported in guides. 
They arc handy for getting into 
small openings and confined 
situations where the types of 
machines just illustrated would 
not be suitable for use. A machine 
with a square tool rain is seen in 
98 but the class of work being 
done is not of a difficult or awk- 
ward kind. 

Portable Milling 
Machines. Milling machines 
are used on floor- plates, the two 
principal types 
being those re- 
presented in 
100 and 101. 
Figure 100 is 
shown at work 
drilling, but 
the style of 
m a c h i ne i h 
adapted also 
for milling, and 
is especially 
useful for grooves, which it can finish rather more 
quickly anu uniformly accurate than the shaper or 
plotter. The othor type of miller in 101, used for 
tooling off large surfaces, is made with differing 
lengths of bed, according to the service required. The 
large cutter heads are driven by a pinion engaging 
with a ring of teeth inside the rim, w'hioh givos a better 
drive than attempting to drive the spindle alone. 

Portable Drilling Machines. The drill- 
ing machines form a large proportion of the tools 
used in conjunction with floor-plates. Sometimes 
those of ordinary radial typos are employed, as soon 
in 99, but usually the designs are special, with the 
object of increasing the reach and capabilities of 
the tools. The favourite form is that embodying a 
circular pillar supporting a transverse arm, produc- 
ing thereby universal movements. In the machine 
shown in 105 and 106, the bed, A, receives a slide, 
B,upon which the pillar, C, is bolted. C is embraced 
by a sleeve, D, cast with a tubular bearing, E, atright 
angles, within which is the arm, F. The saddle, B, 
can be moved along the bed by hand, using a 




ratchet handle on the squared end of a screw lying 
within the bed, or more rapidly by power, with a 
motor, G, shown dotted, driving the screw through 


communicating with bevel gears 
inside the pillar, C, by means of which the sleeve, D, 
is adjusted up or down quickly. A hand motion may 
be alternatively produced by the squared handle -end 
at the top of the screw, seen projecting up out of the 
pillar. The drill spindle is carried in a head, H, at 
one end of the arm, F, and the motor for driving is 
at the other, thus balancing approximately. The 
arm may be moved through its bearing by turning 
the hand-wheel, J, connected to mitre gears, which 
turn the screw, K, working in a nut in E. A power 
movement is also obtainable from the motor, L, driv- 
ing to spur gears communicating with the screw, 
the connection being made or broken by a clutch. 
The worm gear at Mis used for turning the sleeve, 1), 
around the pillar, to bring the arm j 

into any desired position. Tne method 
of driving tho drill spindle is through 
the gears, N, from the motor, thence 
by a shaft passing right inside the 
arm, F, and terminating inside the 
head [sec 105], which is a section of 
the box, H; a mitre gear on the end of 
the shaft gears with two mitres run- 
ning loosely on 
sleeves encircling 
the drill spindle, 
and driving the 
latter in one direc- 
tion or the other, 
according to 
whether a claw 
clutch between tho 
mitres is slid up or 
down by tho 
cranked handle seen 
outside the head. The 
spindle feed is dorived 
from a screwed sleeve 
encircling its upper end 
and moved up or down 
by a spur gear turned 
from a pinion on a ver- 
tical hand- wheel shaft O. 

Solf-aoting feed is also 
available, effected by 
the belt oones seen on 
tho side of the head, the 
upper one being driven from small bevel gears oil tho 
spindle sleeve, and transmitting movement down to 
the lower bolt cone, which drives a worm gear, thrown 
into or out of action by a friction diso device. 
Tho head, H, may be swivelled upon the end of F, 
and olamped witli tee-headed bolts. We therefore seo 
that when the base. A, is bolted down, the drill 
head may be brought into any position around the 
circle; either high or low, so that a large number of 
boles at various locations might be drilled expedi- 
tiously. In some designs tho long base, A, is not 
used, the pillar terminating instead as a broad 
circular foot. The horizontal range of tho machine is 
thereby lessened, though this is of no moment in 
muoh work, because it is easy to shift tho machine 
bodiljr to a fresh position. The advantage of tho 
base Is that it enables successive movements to 
be made, to drill a row of holes all in line with each 
other. 

Figure 108 illustrates a machine (by Kemjall & 
Gent Ltd., Manchester) of the same general type as 
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that just described. The motor for elevating the arm 
is placed on the top of the column, and the pillar 
and saddle are traversed along the bed by screw and 
ratchet handle. The drilling head, driven by the other 
motor, is shown set to an angle, and it may also bo set 
round in the other direction By worm gear on the arm. 
The switches for starting and stopping the motors 
are mounted centrally on the board at the front. 

Before we leave the subject of floor-plate machines 
an illustration of a combination class of machino 
may be given, that in 107. It has a circular 
pillar, with elevating sleeve, and sliding arm, and 
the drive is by motor, but the base is different from 
tho examples wo have hitherto considered. It is 
supported on four small trolley wheels, which enable 
it to bo pushed about anywhere without the need 
of a crane. When set ready for work, the machino 
is steadied by raising the wheels off the ground by 
turning four jack-screws, forcing down flat plates, two 
being seen at the front, so that there is no chance of 

L the machine moving. The slotted table seen 
on tho base is used only for dealing with 
small pieces of work. When dealing with 
massive jobs the arm is slewed outwards. 
The current for the motor is conveyed 
through a flexible cable led from a 
wall or other socket to a drum on the 
underside of the arm, the drum being cni- 
ploycd to keep tho sxmro length rolled lip 
neatly. Although 
this machine may 
be used for floor- 
plate work, it is 
more often em- 
ployed on the 
ordinary shop 
floor, or out of 
doors. 

The Portable 
Shaper. having 
now tho question of 
floor-plates, and con- 
si d o r i n g portable 
machines which are 
attached to, or pre- 
sented to the work, we 
shall see that in tlieso 
eases the tools are of 
lighter build, since 
they cannot have a 
massive foundation 
plate upon which to 
rest. The heaviest tools 
are slot tern and shapers or planers of the kind shown 
in 98, tho long bed being lowered on to a pieoe of 
work, such as an engine frame, to enable the 
bearings to bo tooled or various facings machined, 
instead of endeavouring to do the work in makeshift 
fashion on machines that aro too small for the 
work. A good deal of key-seating is done with 
these si otters, especially in tho nubs of large 
wheels, and some kinds of machines designed 
solely for key way cutting aro used. Figure 180 
gives elevation and f)lan of a portable horizontal 
slotter or shaper (Francis Berry & Sons, Sowcrby 
Bridge) which is designed for slotting out key ways 
in the bores of very large flywheels, etc., while they 
aro still in the lathe, after boring. The machine is 
also applicable to tooling faces on big castings 
that cannot be conveniently put on an ordinary 
planing machine. The maximum stroke is 30 in. 
The base. A, woH provided with bolt slots in tho 
bottom flange, supports a saddle, B, by vee’d 
edges. The ram, C; slides in voo guides in B, and its 
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topl-box, fitted with relieving clapper, has a small 
vertienl feed, given by hand through the medium of a 
vertical screw, operated by mitre gears from a shaft 
passing back to the middle of the arm, 
where the handle is situated so that it 
will not come foul of the work when 
tooling deep bores. If the handle was 
placed direct upon the screw, as in 
ordinary tool-boxes, the operator would 
have no chance, of reaching it. The tool- 
box can be turned upside down for 
key ways on opposite sides. 

The machine is rope-driven through a 
large pulley, ].), the rope being kept in 
its grooves when running at various 
angles by four grooved guide pulleys, 

R, E, E, E, lying above. There is a 
spur pinion on the stud of D, gearing 
with a wheel, (1, on u shaft passing 
across at right angles to the ram, in 
hearings supported in si bracket casting 


ducing means of keeping the rope taut at all positions 
of the machine. It is evident that an ordinary pulley 
fixed overhead in the roof and connected by a rope 
to the machine pulley would only work in 
a small range of positions, after which the 
rope would get too slack or too tight. 

The device adopted to enable the 
machine to occupy positions at a consider- 
able distance is shown in 110. The main 
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110. ROPE DRIVER 

this shaft t licit' arc two loose hovel wheels engaging 
constantly with large and small bevels keyed on the 
end of a, driving screw which actuates the ram. A 
friction clutch between the hovels throws either pair 
into action, so that it revolves with the shaft, the 
object of the differently-sized pairs being to produce 
slow cutting and quick return movements of the ram. 
The self-acting motion is derived from the rod. H, 
having two adjustable dogs, with cushioning springs 
which arc struck in turn by the faces of the bracket, 
J, on the moving ram. The rod, U, rocks a lever, K, 
on a shaft, L, connected by bevel gears, seen in the 
plan, to the clutch-shipping lever. A rocking weight 
and lever, M, is connected by spur gears with L 
to retain the clutch in each of its positions after 
reversal. An automatic feed for the saddle, B, 
along its bed, is obtainable through the motion of 
tho shaft, L, reciprocating a rod, N, connected to a 
lever, O, which by a ratchet and wheel effects partial 
rotations of the feed screw, P, working in a nut on 
til© lower aide of the saddle, B. The screw, P, is 
extended at one end and squared to receive a crank 
handle for tho purpose of making adjustments. 

The rope-driving arrangements are of an interest- 
ing character because of the necessity for intro- 


109. PORTABLE SHAPER 

bracket. A, fastened overhead, forms a bearing for 
Hie shaft of the rope pulley, B, driven by tho fast- 
pulley of the pair of belt pulleys at C, the belt being 
thrown off when required to tho loose one through 
the shipper lover seen behind the bracket, operated 
by dependent cords. A pair of smaller pulleys, D, 
arc mounted in a forked bracket that may turn freely 
in a horizontal direction, by means of its circular 
stem held in the bottom of tho bracket, A, with a 
nut. This fitting allows the rope to,slew round to 
any angle which the portable machine may demand. 
E represents the pulley of the shaper, although, of 
course, in actual work it is separated by a long space 
from the pulleys, D. A weighted pulley, F, is em- 
ployed to compensate for the varying distances of E 
from its drive, the endless cotton ro^ie passing down 
from B to F, which maintains a constant pull upon 
it , thence round one of the pulleys, D, from that down 
to E, back again around the other pulley, D, and so 
up again to B. Should E approach D, then the 
weight, F, goes down and absorbs the slack rope; if 
E goes further away, then F rises and pays out 
more rope. It is clear that a flat belt could not 
be made to drive in such a flexible manner as 
tho rope does, and it is applicable only in cases 
where the position of the shaping machine is 
fixed within a narrow range, a jockey pulley and 
weight taking up the limited amount of slack 
which is developed. As we have already said, 
the- greater convenience of the electric drive has 
had the effect of largely displacing these belt and 
rope drives, although for shops and situations 
where electric power is not available they still 
hold their own. 
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Portable Cylinder Boring Machines. 

An etftmpbof Svope-driven portable cylinder boring 
, machine by Janies Spencer & Co., Hollinwood, 
is given in 111 . 'These classes of machines are not 
used for original boring, but for reboring locomo- 
tive cylinders after they have worn badly. It is 
often more convenient to be able to true out the 
bores without troubling to dismantle the engine and 
carry the cylinders to a fixed machine. The cuts 
taken are necessarily light, so that the machines do 
not have to do very hard service. There is no 
difficulty as regards the attachment of such 
machines to the cylinders, because the faced ends 
which take the cylinder covers afford excellent 
resting-places for tne fixed parts of the machines. 

In 111 the boring bar, A, is encircled at the driving 
end by a hollow socket, B, the front face of which 
holts to the .cylinder end. At the tail end of the bar 
there is a smaller diameter, that runs in a hole in a 
stretcher plate (not shown), spanning across tho 
mouth of the cylinder, and bolted to tho flange. 
Tho two bearings thus afforded keep the bar exactly 
in the centre of the bore being trued out. Tho 
cutters are held in the head, C, by half-round 
wedges fitting in tho semicircular grooves on ono 
sido of the outter slots. Two or three sizes of heads 
arc available, and any one may be used, by screwing 
it to the face of the sliding sleeve, D. The latter has 
a nut sunk partly into tho upper side of its bore, 
within which runs a longitudinal feed screw ex- 
tending the whole length of a groove in the bar, A. 
Tho sides of this nut also form a kind of key, by 
closely fitting the groove in the bar, so that tho 
sleevo, I>, is positively driven round as the bar 
rotates. The socket, B, is made large enough 


end face of B, aud tightened with tee-headed bolts 
in a circular slot, so that tho rope pulleys may be 
presented at any angle to. the vortical. The 
automatic feed of the boring head along its bar is 
produced by differential gears, seen at the driving 
end of the bar. The first one is Counted loosely 
on a stud screwed into the bar, and is connected 
to a lever having a heavy elliptical weight suspended 
from it, the effect of which, hanging down, is to keep 
the spur gear stationary, as though it were gripped 
by some outside clamping device. 

This stationary gear has 24 teeth ; as the bar 
revolves, a larger gear of 01) teeth, K, circles around 
it, and, by tho difference in tho numbers of teeth, 
receives a slow revolution on its own axis which is 
transmitted to a 27* tooth pinion on the tail of the 
screw E, through an intermediate gear of 18 teeth. 
While the bar is revolving, therefore, the screw F 
is turning and feeding the sleeve, D, with its cutter 
head, (\ along very slowly, so that it gradually 
passes through tho cylinder bore. The bar in this 
machine is 5 in. diameter, and its length is 70 J in. 
The lnrgest euttor head is 13| in. diameter. 

These useful machines are also constructed to 
drive by other methods than rope. Hand driving 
is very frequently adopted where there is no power 
of any sort available, the place of the rope pulley 
on the worm shaft being occupied by a flywheel 
with handle. An electric motor is employed in 
some machines, driving through spur gears to the 
worm. 

Crankpin Turning Machine^ A special 
machine used also for locomotive work is that for 
turning up crankpins while in place. The principal 
element is a right-angled bracket, tho foot of which 



inside to accommodate the boring head, as shown 
4 by its dotted outline, so that it may begin to 
bore from the end. The rotation of the bar is effected 
through a cotton rope driving the pulley, F, smaller 
guide pulleys, GG, being located on an arm on each 
side of F. On the spindle of F there is a worm, H, 
engaging with a worm wheel, J, keyed to a sleeve 
on the end of the bar, A. The bearing which carries 
the worm spindle can be swivelled around on the 


is clamped to tin; spokes of the wheel. A bearing 
lying in lino with the crankpin carries a shaft with 
a point centre entering into the countersink in the 
crankpin end, and a large spur wheel on this shaft 
is driven by a pinion and handle, or rope wheel. 
A slide is f astened to project over tho pin, and if a 
tool is clamped in the holder it will travel around 
the pin and turn it, longitudinal feed being obtained 
from the end motion of the tool-holder slide. 
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LAND AND ESTATE AGENTS 

f 

Entering an Office. Qualifications and Premium. Examin- 
ations. Starting in Business. The Agent and his Staff 


By F. H. 

IT is our in trill ion in the following columns to 
* discriminate between the two branches of the 
profession, pointing out the necessary qualifications 
or special knowledge required for the duties of each, 
and weighing their advantages and differences. 

Quail tications. There are certain natural 
qualifications which arc especially desirable for an 
estate and land ; gent to possess. Ho is placed 
in the position between .landlord and tenant, or 
proposed purchaser — a situation demanding the exer- 
cise of considerable tact — in order that he may 
brin^f business to a termination satisfactory to both 
parties. His demeanour towards the tenants must be 
courteous but firm, and this demands good judgment 
as to the exercise of severity or leniency ; he must 
also be observing, persevering, and enterprising. 

To the casual observer, the land and estate agent 
are one and the same, and it is only on more closely 
examining the details required for the proper 
perfor manee of the work of cat'll that the division 
under two heading* becomes apparent. To those 
whose ambitions turn in one of these directions 
there are matters which must, to a largo extent, 
lie considered as personal, such as capital at dis- 
posal, and possibilities of working up a connection. 
In starting a town (estate) agency, for instance, 
these are comparatively of minor interest owing 
to the growth of districts and properties con- 
tinually changing hands, whilst in a country viand) 
agency there are the important considerations of 
personal inlluence (without which it is almost 
useless to consider this os a career), the necessity 
for an intimate knowledge of rural life, with either 
the prospect of an appointment to an agency 
or agencies, or a partnership. 

The Agent's Duties. An estate agent 
is called upon to deal with a large variety of 
matters, from the handling of small weekly 
property, let., perhaps, at a few shillings per week, 
to mansions and business premises, etc., at con- 
siderable rentals. He must, therefore, bo able to 
determine the full annual value of the same, and 
b© a good negotiator so that he may let them to 
the best advantage. Ho must be able to undert ake 
the eol ection of the rents when let, an 1 the super- 
vision of repairs, foe width a general knowledge 
of building construction is advisable. He should 
also have a fair knowledge of the law referring to 
property, so that he is in a position to satisfy his 
clients that by placing their property in his hands 
their interests are best served, and money and 
time economised. 

The advantages of an outdoor life and its fiorial 
opportunities are undoubted, but iTgainst these must 
M>© set the greater variety of detail with which 
a country agent should be acquainted, and the 
necessity for an intimate knowledge of the properties 
in the district in which he is interested, tlie nature 
of the soil, crops, etc. He should also have a con- 
siderable acquaintance with the tenants, tact in 
dealing with the matters of rent collection and 
management, and a general knowledge of tlie laws 
and customs affecting landlord and tenant as applied 
to the country— the Agricultural Holdings Act, etc. 
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The Allied Professions. Professions 
frequently allied to that of the estate and land 
agent are those of the surveyor and valuer, and 
often of the auctioneer. As regards the surveyor, 
it is obvious that the continual handling of plans 
and specifications form part of his ordinary duties: 
and alterations or differences which may arise 
are matters which are best dealt with by a specific 
knowledge of their requ r monts. As a valuer, 
it is more than probable that the estate agent’s 
intimate acquaintance with the property in which 
he deals places him in the best position to supply 
tlie nocossn y information ; and to enable him 
to legally charge for his expert opinion it is 
only necessary for him to take out a licence 
at an annual cost of two guineas. For the same 
reason, the duties of an auctioneer can be well 
filled by him, and the fees and commissions accruing 
from sales may add to his income a not incon- 
siderable amount which would otherwise be di- 
verted into other sources, frequently with less satis- 
faction to the vendor and purchaser. At the same 
time the transaction of such business will probably 
add to his connection [seo also Auctioneering]. 

It must, however, be borne in mind that a ready 
flow of language and quick repartee are necessary 
assets in this profession, an auctioneer being 
frequently called upon to exercise skill in his powers 
of description and persuasion, and in grappling 
with any awkward questions that may arise. An 
auctioneer’s licence costs £10 annually. 

Having briefly distinguished between the branches 
of the profession as followed in town and country 
we must further investigate the necessary training 
required for a successful career in either direction. 
We have seen how, to a large extent, the immediate 
environment, or at least the early years spent in a 
city or provincial life, will have considerable bearing 
on the u timate success. It is easily seen that a 
youth whoso daily surroundings are not limited 
or confined to streets and buildings, and whose con- 
versation, habits, and acquaintances are naturally 
more or less imbued with the common interests 
of the country-side, will have an instinctivo grasp 
of subjects that could be only superficially acquired 
by a town bred student after laborious book re- 
search. In short, there would be all the difference 
between a practical and a purely theoretical know- 
ledge. On the other hand, in a city life the eye is 
familiarised with a far greater variety of buildings ; 
structural operations arc constantly in progress, 
and there is the more immediate contact with all 
branches of commerce — an all important factor in the 
preparation of an estate agent’s education 

ESTATE AGENCY 

Taking an estate agency first in order, we will 
enumerate the various steps necessary for a youth 
le iving school to enter the profession, presuming 
that he is in possession of a fair, elementary, 
commercial education. The first matter of im- 
portance is the selection of a suitable office where the 
routine may be thoroughly mastered in all its 
branches. Hence we do not advise entering a very 
large office at first, as it is probable that in the 
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comparatively brief period of the youth's indent ures 
too much timo would bo occupied in departmental 
, work* to the exclusion of a more general experience. 
The Agreement. The all important selec- 
tion having been made (taking into consideration 
the question of premium), it is customary, in tho 
interests of both parties, that at least a month's 
trial should be given, so that tho proposed pupil 
may have an opportunity of definitely deciding 
whether the career will bo to his taste, and that 
the princip i may have an opportunity of determin- 
ing the proposed pupils suitability. On both 
sides important decisions have to bo made before 
a binding contract is entered into. Tho term of 

S rotation having expired, by mutual consent a 
eed of indenture is drawn up, whereby the parties 
enter into an agreement commonly known as 
Articles. This document generally embodies most 
of the old apprenticeship clauses, especially as re- 
gards obedience and punctuality, and stipulates 
that the pupil shall further the interests of the 
master to the best of his ability, etc. It is usually 
entered into for a term of three years ; it specifics the 
agroed amount of premium, and further sets forth 
that it is entered into by the pupil of his own free 
will and accord, and, if ho is under age, by the consent 
and approbation of the father or guardian. It 
mentions the profession or professions he is to 
learn the period the indentures are to last; that ho 
shall faithfully servo his master, keep his secrets, 
and obey his commands ; not absent himself un- 
lawfully. and shall in every way act as a faithful 
apprentice. On the other hand, the master agrees 
“ to teach, or cause to be taught, and instructed 
by tho best means in his power,” tho art, trade or 
business of an estate agent, etc., etc. 

Tho Premium. The amount of premium is 
a matter for negotiation ; as a basis, however, we 
should say £50 would secure entry in a suitable 
office for a term of three years. This sum may 
bo increased and a portion returned as salary 
during the latter period of the apprenticeship. 

It is not advisable to enter an office where there 
are many articled pupils. In fact, if there are no 
others it is greatly to the advantage of tho one, 
as his duties will secure a much more varied insight 
into offico routine. This will include tho usual 
elementary matters, such as indexing, letter-tiling, 
etc., followed by making tracings of plans, copying 
specifications and inventories. The pupil will be 
required to accompany his principal when surveys 
and valuations are being made. 

By exercising intelligence and noting the particu- 
lars gathered and the reason for their notification, 
he will aooumulate a store of useful knowledge 
which he will be called upon later to employ 
without supervision. During this time ho should be 
continually on the alert, watching the procedure 
of the office business in every direction, so as to Ixj 
conversant with matters of difficulty and doubt. 
He will find that the opportunity the letter books 
present for studying correspondence will be of 
great assistance, not only as to the replies them- 
selves, but their formula, phraseology, etc. 

Concurrently with suoh daily practice it is ad- 
visable, where possible, to arrange that tho spare 
time whioh may be found at his disposal shall be 
utilised in reading for some of the examinations. 
Those of Hie Surveyors Institute naturally take 
precedence, and of these, the Students’ Examination, 
held annually in January, is the one for which wo 
advise early preparation. [See Schedule, page 160. ] 
Examinations; It is usual to take this 
examination at about the age of 18 years, and the 


subjeots embraced belong to tho ordinary school 
curriculum. If, however, the student can produce 
a certificate showing that he has passed the Matricu- 
lation Examination of the University of Oxford, of 
Cambridge, of London, or of any other University 
in the United Kingdom ; or that' he has passed 
with Honours the Senior Local Examination of the 
University of Oxford or of Cambridge; or has ob- 
tained a Higher Certificate at the examination of 
tho Oxford and Cambridge Schools Examin ition 
Board, ho will bo exempt from this preliminary. 
Entrance to this, however, is only allowed on proof 
(1) that tho student is, or has been, a pupil of a 
surveyor ; (2) that ho is training with a view to 
entering the profession at one of the recognised 
agricultural colleges. 

After he has l>een duly elected as a student, the 
next stop that he should take is the qualifying 
Examination for the Class of Professional Asso- 
ciateship; and in this case the age at which he may 
sit must not l>o less than 21 J years. Of tho three 
heads into which this examination is divided, one 
subdivision applies entirely to tho estate (town) 
agent, and includes thc-o subjects: 

(1) Land Surveying and Level- (5) Mensuration. 

.ling. Elements of Tri* (6) Law of Fixtures, 
gonometry. (7) Law of Dilapidations. 

(2) Bookkeeping. (8) Law of Easements aud 

(.°>) Law of Landlord and Riparian Kig ,ts. 

Tenant (Elements of). (0) Application aud use of 
(1) Enfranchisement of Copy- Valuation Table*. 

holds. (10) Drainage ami Sanitation. 

Tn addition to the list of subjects given above, 
the student is required to prepare a plan to a given 
scale of a property of about twenty acres, showing a 
section of the levels, ami taking tho chief angles 
with a theodolite. 

It may here be mentioned that it is not com- 
pulsory to becomo a student before entering for 
the Professional Associateship Examination, bub 
a non-student will bo required to gain a larger 
percentage of marks than if he had passed the pre- 
lim inary exam illat ion. 

The third stage is reached in the Fellowship, 
the subjects of which are practically those of the 
Associateship, but in a more advanced degree. 

Copies of the revised syllabus of subjects, list of 
textbooks, and examples of papers set at prelimin- 
ary and professional examinations can bo obtained 
on application to the Secretary of the Surveyors' 
Institution. 12, Great George Street, Westminster, 
S.W., at the price of Is. Od. per copy. 

As a considerable portion of an estate agent’s 
time is expended on the details of properties placed 
under his charge, it is essential that a good practical 
knowledge of bookkeeping should be nis particular 
care. He should be business-like not only as regards 
his own engagements, and so on, but in thoroughly 
recording the various transactions which may pass 
through his hands. 

Estate Management. Estate manage- 
ment includes the collection of rents, the super- 
vision of repairs, and, in fact, generally acting 
in the interests of the owner of the property, 
seeing that tenants’ covenants aro strictly adhered 
to, so that the Reversion is not jeopardised. 

The keeping of office registers of properties must 
be systematic, so that the smallest detail can be 
referred to without delay. Making and cheoking 
inventories require a good knowledge of technical 
terms in addition to a keen insight into present 
market values. Preparing schedules of dilapidations 
and wants of reparation also falls under the duties 
of an agent. Their settlement is a subject for 
negotiation between the freeholder and leaseholder, 
or between the original leaseholder and tenant. 
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It naturally involves i strict Attention to the 
interests of whichever party the agent may be 
, representing. 

In taking particulars of properties for auction or 
registering purposes, it will not be sufficient to 
merely record the obvious facts ; whoever draws 
vi p tho particulars should have the faculty of 
showing to the l>est advantage any special feature 
which he may discern. He will not omit to enlarge 
on the advantages of aspect, soil, drainage, healthy 
situation, access, any local places of interest, and 
the attractions of the neighbourhood generally. Tn 
negotiating the sale or letting of properties a busi- 
ness-like agent will avail himself of all corre- 
spondence or applications that may have bearing on 
tho particular subject in hand. Ho will exert all 
his influence to discover a purchaser or tenant, and 
not rely solely on haphazard inquiries. lie will 
quickly find that success in this direction will act 
as the best advertisement for his agency. 

LAND AGENCY 


Following our assumption that the youth leaving 
school or college carries with him a fair com- 
mercial knowledge, we propose marking out his 
further studies with the profession of a land agent 
in view. Undoubtedly, tho lvest connecting link 
between the general education acquired at school 
and the practical experience of an estate agent's 
office will he found in a short course at one of 
the recognised agricultural colleges, where tech- 
nical knowledge and theory are acquired together. 
Here he will have opportunities of learning, by 
actual work under trained supervision, matters of 
essential importance both as regards the surface of 
the land, its chemistry and treatment, and the 
legal aspect of its holdings. He will thus be prepared 
to grasp intelligently the more complicated difficulties 
that may arise in daily practice during the period 
about to bo spent in some estate agent’s office. 

The general routine of study adopted at the 
colleges naturally prepares the student for the 
examinations he will road and ultimately enter for. 
A general outline of the subjects will be enumerated 
later. The term of study varies in length, and is to a 
large extent determined by the amount of money 
at the disposal of the pupil, his parents or guardians : 
but we do not advise too lengthened a period, taking 
into consideration the subsequent years of pupilage 
to a land agent. 

Training. Two years’ training in this way 
should be sufficient. It is not our intention to imply 
that the preliminary training that we have outlined 
is essential to an estate agent, provided that such, 
or similar knowledge, could be gained from another 
source. For instance, it would be possible to 
learn the greater part of what is necessary on a well- 
managed farm where discipline was maintained, and 
where the student conscientiously made it his busi- 
ness to learn what was going on around him, if at 
the sanvo time ho added to an intimate insight into 
farming matters by judicious reading of works 
bearing on the legal aspect of his prospective career. 
So long os this knowledge is gained, it matters 
little what is its source. • 

This preparatory tuition having been obtained, the 
next step is the selection of a suitable office where 
the pupil may be indentured. It is advisable, 
where possible, that .an agent should be chosen 
who has the management of estates in more than one 
county, as there is thus a more varied knowledge 
gainea as regards the properties themselves, the 
requirements of their soils, their crops, or stock, 
ana differences in local customs. The subject of 
the Articles themselves vary but little from those 


we have already noticed with regard to estate 
agency, but the period which they should cover may 
be altered to suit special requirements or circum- 
stances. Taking into consideration the greater 
extent of the subjects with which the fully qualified 
agent must be conversant, it is natural that a 
longer time is covered either in the office itself, or 
in conjunction with the time spent at an agricultural 
col lege, or on a farm . For exam pie, should two years 
have been devoted to this preliminary training, 
another two may be sufficient for a pupil’s articles. 
If the training mentioned has been omitted, 
then quite three or four years will be necessary, 
and it therefore follows that the expense will be 
considerably greater in the case of a land agency 
pupil than with one who merely has an estate agency 
future in prospect. 

As there are so many matters dependent on the 
individual arrangements of both pupil and master, 
it is difficult to give any definite idea as to the 
approximate amount of premium. It is largely a 
matter to be settled privately, but £100 per annum 
may be taken as a fair basis. 

Examinations. The preparation for ex- 
amination should occupy as great a portion as 
possible of the study of an estate agent. In the 
section dealing with town agency wc have noted 
the advantages of as much spare time as office 
duties may permit being devoted to reading, and 
thus supple me n ting private study. Our remarks 
equally apply in this ease. Tn fact, circumstances 
will, in all probability, give more latitude in this 
direction ; but against this disadvantage must be 
set the inconvenience arising from the possible 
necessity for travelling considerable distances to 
attend lectures. The examinations we advise the 
would-be land agent to prepare for are those 
entered for by the estate agency candidates — viz., 
those of the Surveyor’s Institute, and, as far as the 
Students’ Examination is concerned, the same re- 
marks apply. In the Intermediate or Professional 
Assoeiateship, and Fellowship Examinations, a 
special subdivision is set apart dealing with subjects 
with which a land agent should bo thoroughly 
conversant. The subjects included are ihese : 

(1) Tiiind Surveying and Level- (.’>) Land Drainage 

ling. (6) Bookkeeping. 

(2) (j! oology and Composition (7) Construction and ar- 

of Soils. rangement of Farm 

(8) Law of Landlord and Homesteads. 

Tenant. (8) Agricultural Chemistry. 

(4) Agriculture. (l>) Trigonometry. 

Special Knowledge Required. It is 

only possible to acquire thorough mastery of the 
requirements of a land agent’s profession by a 
knowledge of the comparative methods of agri- 
culture as applied to different countries ; for 
it is obvious that there is a wide distinction 
between farming .and farming pursuits as carried 
on in the Midlands and that in the northorn and 
southern counties. The agent should know 
the differences demanded in the treatment of the soil, 
taking into consideration its productive qualities,, 
whether applied to stock, crops, or minerals. For 
example, the special knowledge applicable to a 
district producing fruit would be comparatively 
useless in a mining district ; and a county, the soil 
of which is chiefly given up to grazing, would natur- 
ally require relatively little knowledge with regard to 
to crops, but considerable experience in the handling 
of stock. And this experience should include not 
only the land itself but the buildings erected 
thereon for the purpose of housing or distributing 
the distinctive products. For guarding the inter- 
ests of his superior, the agent will find this essential. 
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not only 1ft, the original leasing of land bat in its tiations. For this position, it is quite possible that 
after working or cultivation. he qiay find what may be termed m 44 improver ” — 

Having suggested the various directions in which that is, one who is endeavouring to enlarge his 

his knowledge must be applied, and the manner experience after having served his articles elsewhere, 

in which it la determined by locality, it would be At this stage, also, he may have a sufficiently 

well, before leaving the subject, to glance at the largo practice to justify his taking an articled 

general routine work as applied, more or less, to pupil. 

every estate offioe. Owing to the peculiar, and Setting up in Business. Tho capital 
very often complicated, circumstances under necessary to -start business on one’s own account 

whioh the properties are held, it will be at onco will, to a large extent, depend on the locality 

seen that bookkeeping must play a moro than selected, and tho personal expenses of the agent, 

ordinary part. Not only must records be kept if ho proposes to begin as an estate agent in 

of everything appertaining to the rent roll, but town, the sum of £200 or £300 should bo sufficient 

also of tile considerable annual expenditure on to cover the first year’s expenses. As he has the 

repairs and improvements generally. Combined advantage of being able to advertise— a privilege 

with these will be the ordinary everyday expenses, denied nearly all other professions-ho has the 

etc., in connection with any farms which he may means of procuring the introduction of business 

have m hand, untonanted for the time being, but which, by perseverance and application, should 

which must necessarily be kept in working order. steadly increase 

It thus follows that his capacities as a farmer will Tho land agent, on the other hand, must bo able 
be severely tested ; and as questions such as to dispose of a larger capital at first, as he, unlike 

the amount of compensation to be paid to an out- the town agent, has not the facilities for advertising, 

going tenant for improvements, etc., under tho and to a large extent must rely on business being 

various Agricultural Holdings Acts enter con- brought to him. Although the results, when they 

siderablv mto rental values, skill as a valuer is an do come, are better, one frequently has to wait a 

essential qualification. long time for them. We should, therefore, not 

The Estate Agent and His Staff. advise any smaller sum than £500 in reserve for 

Presuming that the preliminary training has been starting in this way. 

passed, and a profitable use made of the oppor- The duties of the land agent aro so much moro 
tunities afforded by office work, we aro now in personal in their nature than the estate agent’s that 

a position to consider what should be done in more depends on his individual efforts, and, then' 

starting business as a principal or acting partner. being less of what may be termed clerical work in* 

As we have already stated, the capital at disposal volvod, the office requirements are smaller. Here, 

must necessarily exercise a considerable influence again, the number of assistants will be determined 

in this matter, as it is obviously less expensive in by tho extent of the estates under his control, their 

the long run to purchase a small partnership in a area, and the distance separating them. With a 

sound concern than to risk tho disappointment and comparatively small radius, he will be able to oxer- 

financial loss entailed in opening an office which cise his duties fully without calling in professional 

may not, for reasons possibly outside personal con- aid : but where distance will prevent his giving 

trol, bo a success. Consideration must bo taken equal attention in all directions, a sub-agent is 

of the fact that during the first months it is all up- generally engaged who is qualified to deal with 

hill work, and that a man must be prepared to face minor matters as they may arise, referring to the 

the inevitable expemes without any compensating principal agent where important decisions have to 

return. He must be prepared to take up the affairs be made. The appointment of this official may 

of clients by means of assistants, to whom ho will **st with the agent himself, or he may bo engaged 

naturally havo to pay salaries, and this in addition by the landlord direct. In either case, although ho 

to rent, rates and taxes of the prentises he occupies. the ugent’s subordinate, he will usually receive 
Of course, if he is fortunate enough already to havo bis stipend from the owner of tho property, 
an assured connection, these liabilities will be, In the control of a farm a bailiff is usually 
to a large degree, lessened, and he may bo thereby employed. His duties may be likened to those of 

able to start his venture on a sound basis, adding 11 foreman, his knowledge being purely practical, 

to his staff as his clients increase. A good rent and his work confined to the particular farm upon 

roll is the backbone of any business, and should be which ho is engaged. He sees that all operations 

especially Bought afier and cultivated ; for, owing on this farm are properly carried out ; he is referred 

to its reliability, it carries with it a certain assured to as required, and gives instructions to the various 

income. farm 44 hands ” as to what is necessary. He reports 

The least assistance possible, is a clerk, with detail to the agent, and receives from him what- - 
sufficient knowledge of the profession and business evcr orders have to bo given, 
capabilities to take charge in his principal’s absence, Foresters* On most estates of any con- 
and a youth to fill in the minor office duties. In siderable extent at least a portion of the property 

selecting tho former, the choice should fall on a will be composed of woodlands, requiring the expert 

man willing and able to make himself generally attention of a branch of skilled labourers, known as 

useful in all departments, who is also a good foresters, whoso^luties are periodically to prune and 

canvasser — in short, one in whom confidence otherwise cultivate trees and undergrowths for 

could be placed. As the agent’s business develops, timl>er purposes, or as game preserves, 

and the necessity for an increased staff arises, We see, therefore, the reason for the estate agent 
he will find it advisable to engage a junior, being acquainted with this subject— so that he may 

competent to relieve the senior clerk of most properly direct and supervise work of this descrip- 

of the out-door duties, such as those of rent tion. * It is a matter of importance to know 

collecting, minor inventories, and canvassing, exactly how, and at what time, such work should 

leaving the former with more time to devote to the be done tl^at tho best results may be obtained, 

accessary correspondence, interviewing, and nego- and an eye given to the prospects of the future. 

Land and Estate Agency concluded ; foUotved by Medicine 
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HOW TWINE & ROPE ARE MADE 

Winding;, Twisting, Cabling, Laying, Dressing, and 
Balling Twines. Rope Spinning - and Finishing 


By W. S. MUftPttY 


THOUGH we have studied the making of 
* yams for twines and ropeH, such a* flax, 
hemp, and jute, there . are some kinds of yarns 
used by the twine and rope manufacturer 
which he must accept from other workers. The 
variety of material out of which cords and cables 
may be made is very wide, including cotton, 
silks, wool, mohair, horsehair, many kinds of 
vegetable fibres not yet otherwise recognised as 
textile, and iron, steel, brass, copper, and many 
other ' materials mostly wastes from other 
industries. As a rule, the rope and twine manu- 
facturer spins his own flax and hemp yarns, 
accepting from other makers, or spinners, what- 
ever other yarns he ' requires. At this point, 
therefore, we begin with J the processes in which 
we utilise yarns, both those spun on the pre- 
mises and those brought in from outside. 

Wincing. Some manufacturers buy in 
their yarns— and all must take those yarns which 
are not in the direct lino of their work, such as 
cottons, wools, silks, and artificial fibres— from 
the outside. Those yams come in hanks, and 
require to be wound on bobbins. Any common 
winding reel will serve this purpose, and we 
should hardly have thought of paying any 
attention to this detail but for the fact that 
associated with this operation we have a very 
useful machine and an operation Avhicli is of 


much service for the higher kinds of yarns. 
The machine is called a doubling winder. There 
are several forms of this machine in use ; but 
in general the form is a double frame, with the 
hank wheel, or the bobbin creel and guide on one 
side, and on the other side the receiving bobbins 
and guides with stop motion. Possessed of this 
form of machine, the twine or cord maker can 
deal with any kind of yam in any form. 

Twisting. Though the yarns may have 
been doubled, they are yet without that twist 
which gives them cohesion. Being very simple, 
and similar in principle to many other textile 
machines, the twine manufacturer has a largo 
choice in this class of machines. But the 
whole range can be divided into two classes — 
one called the upward twister , and the other the 
tube twister, or any other kind of common textile 
twisting machine. 

Upward Twister. In spinning, the feed 
bobbins stand on a creel at the head of the frame, 
and the receiving bobbins sit on the rails in the 
middle of the structure. In this machine tin* 
positions are reversed. Flyers with three legs 
work on the spindles which hold the supply 
bobbins, coming up from the lower end of the 
bobbin. Midway is a carrier rail for the vam; 
above it two grooved cone pulleys; and on the 
top the creel of receiving bobbins. As the yam 
comes off the bobbin, it is passed 
round the legs of the flyer, up 
over the carrier rail, round the 
two cone pulleys, and on to the 
bobbin. A special feature is 
the action of the two pulleys. 
When a fibre is twisted it tends 
to shorten and curl up. 
The second cone pulley 
being wider than the first, 
and receiving exactly the 
same amount of yam, 
pulls the cord tight, con- 
firming the twist and 
straightening out the line. 

Tube Twister. As 
the name implies, the 
special feature of this 
machine is its twist- 
ing tube. In other 
respects it differs 
little, if anything, 
from the ordinary 
frames used in the 
y spinning factories. 
By the gentle and 
efficient action of 
the tube this frame 
has been found very 
useful by twisters of 
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236. TWINE DRESSING (Belfast Rope Go.) 


silks and fino cords of all kinds. Sewing 
machinery, which has become so important in 
the shoemaking, saddlery, and other leather- 
working trades, has created a strong demand for 
the twist made by this machine. It produces 
a smooth and compact thread. 

Cabling Twines. The common twine of 
commerce is the three-cord cable twine. An 
extraordinary twisting frame of largo size 
is very often used for this purpose ; but the 
produce is soft and of a low class as a 
rule. We do not say that a modification of the 
twister cannot produce good twine ; but we 
think that machines specially designed for 
the purpose arc more likely to prove satis- 
factory. Among the many to select from wc 
take two, one being quite a departure from the 
twisting framo, and the other an adaptation of 
the upward twister. 

A Double Cabling Frame. This frame 
is simply tho upward twisting framo with the 
addition of a cabling side. On this side the three 
rows of bobbins are placed, with flyers coming 
up from the base of the bobbins. Abovo are 
the two cone pulleys and a guido rail. But in 
the centre of the double-sided frame are two 
guides and a collecting tube, while at tho other 
side we find another pair of cone pulleys, and 
down on the side of the framo a large liobbin upon 
the spindle of which works a powerful flyer. 
Coming from the three bobbins, tho yarns, or 
strands, are twisted, led through tho small ami 
large cone, and therefore stretched, joined 
together on the head of the framo, twisted through 
the pair of cone pulleys on the other side, taken 
through the head of the powerful flyer, and wound 
on to . the large bobbin. Fishing lines, loom 


cords, spindle bandings, and high-class twines 
of all kinds are efficiently formed on this frame. 

Laying Machine. For directness of 
action, the “ Patent Laying Machine,” as it is 
named, is certainly very good. From a plato 
across the head tho spindles, containing the bob- 
bins hung horizontally, depend, the bobbins 
being driven by bands on spindle whorls. 
Directly under arc the guides and twisting gear, 
while below all rest the receiving bobbins, on the 
spindles of which revolve large flyers. Twines 
can be twisted with great rapidity on this 
machine. Any thickness, from two to six cord, 
is dealt with, and bobbins of largo diameter 
filled. 

Dressing. After the twines have been 
twisted, die liner qualities of hemp and flax cords 
are gassed, or singed, by any of the gassing 
appliances examined in the finishing processes of 
throads and cloths. Then the twines are dressed 
—that is, passed through a hath of size -and 
polished. Some manufacturers omit this pro- 
cess. Wo think it wise to dress twines, however, 
not only because the dressing helps to give the 
strands a closer tenacity, but also for tho sake of 
appearance, which counts for so much in com- 
merce in these days. Tho size is a thin paste, 
made of flour, glue, alum, and tallow, in the 
proportions which experience shows may best 
suit the particular quality of twine being made. 
In general, heavy twines aro the better of a fair 
proportion of tallow and alum ; for finer twines 
the alum may be omitted. The dressing and 
polishing machine [236J is a large piece of mechan- 
ism. At one end aro tho creels, which hold the 
bobbins of twine ; next is tho guiding reed, or 
raddle ; next is the steam-heated trough containing 
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237. F0RE1I0AKD, REGISTER l'LATES AND CHANGE WHEELS 
(Combe, Bavlxnir &C'o., Belfast) 


the size ; within the trough revolve the dipping 
rollers ; at the further end of the trough, the 
clearing rollers, a little above, the first brush 
rollers ; next, the drying cylinders ; ltust, the 
polishing rollers. The twines pass through the 
guide down into the size, over the one roller and 
up on the other ; hero they pass through the 
clearing rollers, which sluice off the superfluous 
size, and go through tho brush rollers, which 
partially dry them. Winding helically round 
the steam -heated drying rollers, tho cords pass 
botween tho polishing rollers, and are again 
wound on to bobbins. 

Balling and Spooling. Twine is either 
made up into balls without any core, or 
wound into a kind of cheese shape, which may 
havo a w r ooden core or none. Several very 
ingenious machines have been invented for both 
these purposes. Tho cheoso -winders are merely 
larger models of the frames used in thread 
manufacture, studied fully in that section of our 
course. We therefore omit- them at present. 


Tho balling machine, # however, is 
new. Two kinds are worthy of 
special note, and we shall take 
them in succession. 

Flyer l&Mmg Machine. 
The bobbin is fixed on a spindle 
at one side ; in a plate or standard, 
the flyer is set to revolve in a 
reciprocating manner over a spindle 
coming out from a wheel axle on 
the other side. The twine is given 
off from the bobbin, and is taken 
by the flyers and wound on the 
thick spindle. There are usually 
two pairs of balls wound on this 
frame. 

M‘Cormick 9 a Machine. This 
machine / [235] is generally admitted 
to be one of the best automatic 
balling apparatus in tho trade. 
All tho parts are very strong. Tho 
feed bobbin is hung horizontally on 
the head of the machine, and the 
twine is led through the eye of a 
lever with an eccentric motion, 
-which winds the twino on to the 
balling spindle set before it. A 
guide arm keeps the ball firm and regulates 
the shaping and consistency of tho ball. When 
tho required quantity has been wound, the 
machine stops. 

Theory of Rope Spinning. On page 
1028 w r o gave only a hint of the principle upon 
which rope-muking is based. The long, heavy 
fibres of which most ropes are made do not 
naturally cling together in a spiral form ; on the 
contrary, they resist being put into that form. 
It is because the fibres resist twining that ropes 
cohere. This contradiction, or paradox, must be 
made clear, and can best be shown by a practical 
illustration. Suppose we undertake to make a 
cable about 6 in. thick. First, we take 30 yarns 
which havo been twisted from loft to right, and 
twist them together into a strand by a right to 
left twist ; tho effort of the individual yarns to 
untwist will pull from right to loft, and cause 
them to grip more tightly together in the twist 
the stranding has given them. Every effort 
those little fibres make to free themselves from 
each other binds them more 
tightly in the larger unity. 
Nine of those strands have 
been made, and we now 
reduce their number to 
three by combining three 
strands together. Again 
we twist from left to right, 
and the effort of the smaller 
strands to untwist being 
in the same direction, they 
confirm the grip of the last 
twist.. Finally, when we 
twist the three large 
strands into a cable, by a 
right to left twist. Weemist 
the tendency of every single 
fibre to untwist in 1 
our whole cable together. 
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If wo try to break up a cable by loosening the 
strands and threads, wo have against us the 
natural effort of tho fibres to free themselves. 

Two Methods. Rope-spinning has taken 
two forms— the factory method and tho rope- 
walk. The latter is tho old hand method to 
which machinery has been applied. Tho factory 
method consists in the application of the twisting 
of textile fibres to be seen in all factories, but on 
I 1 gigantic scalo, and with machines correspond- 
ingly large. Tho rope-walk, as the oldest, and, in 
the opinion of many, the better, may be studied 
first. 

Rope-walk. A rope-walk may be any 
length, from 70 to 300 yards. It is a long, 
covered-in shed, laid with a series of rails along 
which run tho spinning machines which have 
displaced the human rope-spinner — in this 
country, at least. 

Creel, A V- shaped board, bearing as many 
as, perhaps, from 270 to 333 spindles for holding 
bobbins, is placed at the head of the walk. It 
is from this that the rope yarns are drawn. 

Register Grid and Plate. Before the 
creel stands what is called the register. This 
is a frame containing iron rods, forming little 
squares, with a plato in front of it, into which 
several series of concentric holes arc dril led. From 
tho creel the yarns are led through both grid 
and register plate. The latter may have nine 
concentric holes in a circle of eight, with one in 
the centre, or nine circles, each containing 
27 holes, or any multiple of three or nine, 
according to the size of rope to be made. 

Foreboard. Further in wo find a heavy 
carriage [237], sitting on the head of which is a 


square box, with tubes running through it, and 
on tho breast of the machine a set of largo hooks. 
Tho box is the steam chest, kept constantly heated 
by a steam pipe, and the tubes are tho passages 
in which the yarns aro gathered, and through 
which they pass to become strands. The hooks 
in front are set in a circle round one large hook. 
On these the strands arc linked when made, to be 
twisted together again into thicker strands. 

Traveller. Two lines of rails run from tho 
front of tho forehoard, and away down the rope- 
walk. Upon these rails stands what we call 
tho traveller |238|. This is almost an exact 
counterpart of the fore turn, without the steam 
chest, and it is set on wheels which run on the 
rails of the rope-walk. The hooks of both fore- 
board and traveller aro fixed on spindles, which 
are made to revolve by means of wheels driven 
by the rope pulley at the side of each machine. 
These wheels are change-wheels, the size being 
according to the speed of revolution required. 
By means of clutch gearing, the revolution of the 
hooks can be reversed. Upon the traveller 
are strong brakes for controlling its speed, and a 
platform for the workmen. 

Gates and Posts. To complete tho fur- 
nishing of the rope-walk wo require gates and 
posts. Those are the rests upon which tho 
long lengths of strands or ropes are supported as 
they aro being formed. The gates close behind 
tho traveller as it comes along the walk, and the 
posts stand beside the walk with forked heads, 
into which tho rope may be laid. 

Making the Rope The yarn bobbins a re 
set on the creel, and led through the grid* and 
register plate in sections. The hunches aro 
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241. CLOSIKU MACHINE (Thomas liarrooloiitflj, London) 

twist. Now comes tho final operation — the simpler tha 

laying of the cable. A bight is formed on the somewhat di 

ends of the strands joined into one, and this is are fixed in 
linked on to the centre hook of the traveller. a revolution 
What is called a /op, a block of wood mounted on by the conts 
a bogie, is brought close up to the traveller. Through « 
The hooks on the foreboard keep turning to tho strands 
maintain the former twist on tho strands, while through ten 
the traveller powerfully tw ists the strands into one, to the creel 

driving the top before the twist. By its weight, gearing, is c: 
assisted by the powerful brakes, the traveller as it fills, 
prevents the rope from curling up under the A Small 


the yarns are taken 
off the bobbins and 
twisted into a 
strand. 

l, Closing Ma- 
chine. The closing 
machine [241] is 


strong pull of the twist. When the oable has 
been laid it is wound by poworful winches on 
to a coiling drum. 

* Other Ropes* We havo viewed a cable 
being made in one operation ; but th ,t is very 
Seldom done. The strands are often made one 
by one. Then there are hawsers, mn.de of th 'ee 
thhk strand* separately laid, besides thinner 
ropes, generally composed of three strands, of 
from two to six strands each. 


Continued 


simpler than its stranding assistant, but 
somewhat different in Structure. The bobbins 
are fixed in a frame upon spindles which have 
a revolution of their own while carried round 
by the containing frame. 

Through a plate in tho head of the frame 
tho strands are drawn into the closing tube, 
through tempering apparatus, and out on 
to the creel, or barrel, which, by differential 
gearing, is enabled to take on tho rope evenly 
as it fills. 

A Small Machine. Thin wire ropes are 
made on this machine [240]. First the wires 
are made into strands, by being placed within 
frames which have a flying motion. Between . 
this frame and tho laying apparatus is a stretch- 
ing appliance, composed of coned rolls, one large 
and one small, the strands passing round both 
to be stretched and straightened. The whole 
framing next revolves, and, as the strands, 
three, or four, or five, come into the central 
twister, they become united. 
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properly attached. It may be cither attached to 
the «i<}es or placed beneath. In the first case it 
either merely thickens up the lower portion, as in 
the box shown in 111, or is screwed to a skeleton 
base formed by projecting horns of stiles. This" 
might be the case in 112, but is shown distinctly, 
though in rather complex form, in 117. In 113, the 
plinth is a deep framework on which the upper 
structure rests. In such cases, the two parts are 
usually not attached, but one merely rests on the 
other, and they arc kept in lateral position by blocks, 
which are screwed to the under surface of the upper 
part, and fit within the framed plinth. This is dono 
in heavy articles of furniture so that they can be 
conveniently moved in parts. Cornices are some- 
times put on similarly. In 114 the block beneath 
is supposed to be carried entirely round the base. 
It would be a very satisfactory alternative method of 
treating the box' shown in 111. In 115 the plinth 
is rebated, and is held in place by blocks glued 
into the interior angle. Fig. 116 shows a plinth 
beneath, with the bottom board tongued into it. 

Cornices are attached in any convenient manner, 
being screwed either to top or side, or held by 
blocks glued in the angle. Fig. 118 shows the usual 
method of attaching a cornice to bookcases and 
wardrobes. The moulding is wide and thin, and 
has its edge bevelled so that when screwed on the 
upper surface, its front slopes outward, as shown. 
Sometimes glue blocks arc fitted in the interior 
angles. To cut the ends of the mouldings to the 
correct angle for the joints, the moulding must be 
tilted in the mitro-box to its proper position, and 
the sawcut may then be made in the usual way. 
Figs. 119 and 120 show cornice moulding attached 
to the front. 

Blocking and Screwing. Wood blocks, 
glued into interior angles to unite parts, as shown 
in 121, A and B, are very commonly used in joinery 
and cabinet work. They are shown in 121 joining 
two pieces at a right angle, but they jnay, of course, 
be planed to fit any angle. At A the block is 
square in section, and at B triangular ; but the 
outward shape is usually of no importance, as they 
are used in places whore, under ordinary circum- 
stances, they will be out of sight in the finisried work. 
The alternative to the blocks is to use screws, as 
shown in 122 at A and B, and in end view in 123. 
When there is no objection to a hole in the outer 
edge, the most direct method is to put the screw in 
os shown at A in 122 and 123. The other method is 
to insert it at an angle through the side, gouging ou 
sufficient room for the head to go down, as at B. 
These methods are practised solely to avoid putting 
sorews or nails through from the front of the work, 
where their appearance would be objectionable. 
Otherwise, in the examples shown, screws put 
through from the other side would be decidedly 
bettor and stronger. 

Frames for Plain Tables. These consist 
of legs held together by rails which are* tenoned or 
dovetailed into the tops of the legs. Where extra 
stability's required, rails are also fitted between 
the lower parts, but this is avoided if possible. 
The method of dovetailing is shown in 124. Tenons 
.ore shown in plan and elevation in 125. In the 
example shown they meet with ends mitred, but in 
jgojme cases they could be shorter. The upper part 

haunched. Fig. 126 is another form of haunch 
: #h$Oh was not shown in Carpentry. A haunoh cut 
fo that way is not visible when the parts are to* 

r ber. Iajpie frame of a table the parallel haunoh 
IK {s^Juite satisfactory because it is oovered 
wfcm *»<»• 
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When the table is of considerable length, or 
when the ends of drawer runners require support, 
one or more intermediate cross rails are inserted. 
Examples of these are shown in 105 and 127. In 
the latter figure the front rail is shown cut to receive 
a drawer, but a better method is to fit separate rails 
above and below, as in 128. 

Runners for Drawers, The runners ean 
then be screwed or nailed against the inside faces 
of the longitudinal rails, as in 129. Runners form 
ledges on which a drawer rests and slides. When 
the part beneath a drawer is. closed in by a dust 
board the drawer slides on this, and runners are not 
necessary. Besides surfaces to slide on, drawers 
require guides at the sides, and a stop of some kind 
to stop them at the oorrect position when being 
closed. In a construction like 130, the sides of the 
article act as guides for the drawer, but in tables 
it is generally necessary either to rebate the runners, 
as in 127 and 131, or nail guide strips on, as in 129. 
The drawer shown in 131 differs from the previous 
examples in having the runners at the top and 
strips screwed to its upper edges to fit them. This 
is done because it is more convenient to screw 
runners to tho under edges of the bench than to 
box the drawer in to enable it to rest on its bottom. 
Another method, suitable for cases containing a 
large number of shallow drawers, is to arrange tho 
runners about midway in the drawer depth and to 
groove the drawer sides to fit them. The drawers 
t hen can be close together without bars between. 
When closed to the proper extent a drawer may be 
stopped either by a rail at the back or by blocks 
on the runner, or at the front by a thin strip, as in 
130, which stops tho drawer front, but allows the 
raised bottom to pass over it. 

Drawers. A longitudinal section through a 
drawer is given in 132 to show the ordinary arrange- 
ment of the parts. The bottom is thin, and usually 
chamfered down at the edges to fit in grooves which 
are ploughed in tho front and sides. Tho back is 
reduced in depth, so that the bottom can be slid in 
after the front, sides, and back are framed together. 
Another reason for this is that the bottom can then 
be allowed to extend a little beyond the back, thus 
allowing ample for shrinkage. The bottom may bo 
prevented from coming out of place by putting a 
screw through it into the drawer back. It will 
then shrink back from the front, and if in time it 
comes out of the front groove, the screw may be 
taken out and the bottom pushed forward and re- 
screwed. A portion of an end view of a drawer is 
shown in 133, where tho bottom fitting in its groove 
in the side is viewed from the back of the drawer. 
Figs. 134 and 135 show other methods of fitting the 
bottom without grooving the sides ; 186 is a muntin 
across the middle of the bottom of a very wide 
drawer, the bottom then being divided into two 
panels. The grain of a bottom should always run 
across parallel with front and bock, so that shrinkage " 
can be allowed for as just described. In a rough 
drawer like 131 the bottom is nailed on. The sides, 
front, and back of a drawer may be either dove- 
tailed or nailed together, according to the quality 
of the work. When dovetailed they are gluea, 
and usually not nailed as well. Fronts are nearly 
always lap dovetailed, and are then thicker than 
the sides and back. 

Miscellaneous WorK. Beep pieces whioh 
cross each other, as in partitions in boxes and 
drawers and many other articles, may be halved, 
as in 137, and appear &hen together as in 138. This' 
is generally the strongest and simplest method, 
but when there is any reason why one of the members .. 
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should not have its strength diminished in this way, 
it may he carried through entire, and the other 
fitted and secured in any convenient way on each 
side. Sometimes the cut piece may have its ends 
housed or veed into the other, or blocks may be 
glued in the corners, as in 139. 

When parts of highly finished work have to be 
attached without showing any exterior sign of the 
means of connection, and where a glued joint is 
unsuitable, the method shown in 140 is adopted. 
Screws are inserted in one piece with their heads 
left about J in. above the surface, and slots are cut 
in the other to correspond. The slot is made large 
enough at one end to receive the head of the screw, 
and the remainder of its length fits the shank or 
body of the screw T . The parts arc put together with 
the heads inserted in the large holes, and they are 
then forced along the slots, the heads cutting their 
own wav and keeping the parts together. The slots 
should bo arranged so that the parts are in correct 
position when the screws have been forced nearly 
or quite to the ends. Either mallet blows or pressure 
may bo employed, and care should be taken to 
keep the parts in close contact while it is being 
done. The slots should always run with the grain. 
The parts can be separated by knocking back again. 
When in a vertical position, the direction for fixing 
should be downwards. 

Figure 141 shows a form of tenon sometimes used 
at mitred corners of frames. Fig. 142 shows how 
a wide member with a single tenon may be pre- 
vented from tendency to twist, by inserting tongues ; 
143 Hhows tho usual method of securing glass in 
the bars of shop-fronts and cases. 

Curved Work. Curved surfaces are formed 
by bending, by working out of solid wood of suffi- 
cient bulk, or by building up a number of pieces 
arranged according to tho contour desired, and then 
working the whole to shape. The last method is 
in. most cases the best, and often is the only prac- 
ticable one, but circumstances always decide. , 

Pieces of wood that are sufficiently thin in pro- 
portion to their length can be bent considerably 
without fracture. If the bending process is applied 
gradually, and especially if the wood is first soaked 
in hpt water, or preferably steamed, this amount is 
very much further increased. If, after steaming, the 
wood is secured till it is dry against a block formed 
to tho required curvature, it will retain its curved 
form when releasod. The amount to which wood can 
be bent depends on its section, and on tho kind of 
wood. Bending is nearly always practised length- 
wise, and not across the fibres, for in width and 
thickness, material can easily be glued up and 
planed to any curvaturo. ■ In many cases wood can 
be bent without special appliances, simply by screw- 
ing it in place, and so forcing it to accommodate 
itself to the sweep of the surface to which it is screwed. 
Or it will form a swoop of its own if it be bent and 
the ends immovably secured. When a numl)cr of 
pieces of similar curvature have to be bent, a 
suitable appliance is made. These appliances .vary 
in form considerably, but the essentials are a surface 
of the\equired curve and means for gradually forcing 
tne wood to that curve and keeping it there for 
several hours. 

In rough work a common method is to weaken the 
Wood by running saw-cuts across, as in 144. This can 
usually be employed only in oases where the saw- 
euts will be conoealed, and therefore the uncut 
face of the wood should always be outwards, and 
tho other against another surface. The cuts should 
be uniform in. depth and distance apart, and 
spaced rather closely, but the outer face always 
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shows more or less sign of a series of fiats corre- 
sponding with the spacing of the saw-outs, Jp' 
145 ana 146 show the piece bent to optfjr « 
sweeps. . • 

Building Up. Figures 147 to 157 she? 6061 ™ 
methods of building up ; 147 and 148 are 0 ratt8 
of plain circular plates. In 147 a number ot 
are joined edge to edge to form the required 1 ^, 
meter, and the whote is kept straight by battens. 
Instead of battens, two thicknesses of wood may 
bo employed with^grain crossed. Shrinkage in the 
first case results in the circle becoming more or 
less elliptic, and in the second in overlapping edges. 
In 148, a plate is built up in a way that obviates 
diametral shrinkage, but at some sacrifice of 
strength. Two thicknesses are necessary, so that 
the segments may break joint. It is adopted chiefly 
in pattern-making, when tho pattern is of a charac- 
ter that requires rims similar to 149 on. one or both 
faces of the plate ; 149 is a ring built in segments. 
In small rings the number of segments to a layer is 
usually six, and in largo ones more. The end grain 
joints overlap in the layers as shown, and therefore, 
no matter how shallow the ring, there should be at 
least two layers or thicknesses, and preferably not 
less than three. Rings like this are usually turned 
in the lathe, but not necessarily so. One segment is 
marked out and sawn, and used as a templet to 
mark the others from. They are sawn roughly to 
shape, and the faces and ends fitted by planing 
them ori a shooting board. They are glued and 
usually bradded as well. Whero comparatively deep 
segments are employed, as in 150, tho end grain 
joints are often splayed and tongued, as shown. 
Fig. 151 shows narrow boards tongued edge to edge 
to form a curve, the edge joints being bevelled to 
the required inclination ; 152 shows another method 
of forming curved work too largo or too wasteful of 
material to be cut from one piece ; 153 shows pieces 
halved together at a suitable angle to form a re- 
quired curve ; 154 is an example of staving up to 
form a cylinder or curved surface too large for 
solid wood. 

Splayed Work. The heads and sides of 
windows and doorways are sometimes splayed, 
and also the sides and ends of hoppers and other _ 
constructions. Some marking out is necessary to 
obtain the angles at tho joints ; 155, A, B, C, shows 
three views of a splayed construction, in which the 
nngles of the sides in B are not the same as those of 
the top in A and C. The edges also are on one 
side bevelled and on the other square with the faces 
of the wood. The face view at A does not give the 
actual angles of tho joints because the parts are 
viewed in an inclined position. The angles to cut the 
pieces to must be obtained by laying them out 
fiat, os shown by the dotted lines on the left-hand 
side in A. The width of the inner face, 1 to 2, in B, 
is taken and transferred to A by adding the dotted 
line 1 at a corresponding distance from the inner 
edge 2. The actual length of each edge is already 
correotly given in A, and therefore the length of the 
outer edge is projected to the dotted line 1, and a 
diagonal drawn from that point to the inner comer 
on the line 2. These dotted lines give the angle to 
whtoh the wood must be out to meet the other 
correctly when the parts are tilted. If the angles 
of sides ’ and top were alike, this would apply to 
all the pieces, but the top, being mo re sloping, 
must be laid out similarly from the view 0. li the 
joints are mitred as shown, and the edges repre- 
sented in an inclined position, as in A, the true angles 
of the mitre are obtained by transferring the aotnal 
thickness, 8 to 4 0, to A, and the side, 6 to 6 B, 
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to the similarly numbered lines in A ; 3 to 4 and 
5 to 6 being tilted differently, it will be noticed, do 
not bear the same relation to the face lines in A. 
A diagonal from the inner to the outer corner of 
these edge lines gives the mitre. This, however, is 
always 45 deg. when the pieces to be mitred are of 
similar thickness. 

Figure 156 is an example of a curved splay. A is a 
front elevation, B a vertical, and C a horizontal 
section. D is the inner curved surface of the splay 
supposed to be stretched out flat. A piece of paper or 
other thin, flexible material cut to this shape might 
be bent round, and would fit the inside of the splay. 
D is called a face mould. Such moulds are often 
employed for marking out the shape of work of 
complex curves. In this case it is not really necessary 
because tho form is given definitely in the views 
A, B, and C, and material of the correct width 
would require only the semicircles marked oil each 
face, and could then la? worked in straight lines 
across from one to the other. The face mould is 
developed by continuing tho lines of tho splay in 0 
till they meet at the centre O. From this centre the 
curves of D are struck, their starting-points corre- 
sponding with the edges of the face, and their length 
obtained bv dividing the enrve in A, and stepping 
off that in 1) to similar length. 

Double Curvature. This is commonly 
known as circle on circle work. The form in which 
it is generally required is shown in 157, A, B, and ( •. 
It represents the head of a door or window frame 
which is semicircular in elevation, as at A, and seg- 
mental in plan, as at B. 0 represents the side eleva- 
tion. To form this two pieces may bo jointed at (lie 
crown, or it may be divided into three or more parts 
according to its size. Tho elevation and plan being 
given as at A and B, it is developed in two parts as 
follows, Tho chord, 1, 2, is drawn in tho plan, and 
tho tangent, 3, 4, parallel with it. The distance 
between these lines gives the thickness of wood 
required. Faco moulds 1) and E arc made, and, 
when laid on tho front and back faces mqieetively, 
servo as templets for marking tho elevation curva- 
ture of A, on tho flat surfaces, 1, 2, and 3, 4, and 
also the angles of the joints on the face. The moulds 
are obtained by dividing the outer semicircle in 
A into any number of parts, one of which is marked 
O, carrying vertical lines down from them to cut 
the line 3, 4, in B, and then carrying them back 
radially to the centre the curves of B are struck 
from, cutting tho lino 1 , 2 in doing so. The line which 
starts from 0 in the elevation is also marked O at 
each of these two points in tho plan. From these 
latter points lines are projected at right angles to tho 
lines 1, 2, and 3, 4, Tho lengths of tho vertical 
ordinates in A are now taken from tho horizontal 
lino up to each of tho points where they intersect 
the outer and inner semicircles, and these heights are 
transferred to tho corresponding ordinates which 
have been extended from the lines 1, 2 and 3, 4 in tho 
plan B. The curves of tho faco moulds are then 
traced through the points thus obtained. The curva- 
ture in C is obtained by measurement with dividers 
from the straight lines 1, 2 and 3, 4, in B, to tho 
curved ones contained within them, the measure- 
ments being made on the radial lines connecting 
the ordinates. If the jambs radiate as shown, this 
must be allowed tor in placing the moulds. 

Mouldings* The main elemental forms of 
moulding are shown in 158 to 173. More complex 
forms are made up chiefly of a combination of those. 
The* Grecian and Roman differ in form In some 
cases, though the same names are applied to both. 
The Grecian are generally considered more graceful, 


especially in curves like the ogee, which in the 
Roman change abruptly in direction. The Grecian 
curves arc mostly elliptic or parabolic in form. 
The Roman are all parts of circles. The listel [1581 is 
always used in combination with # curves. The 
astragal [160] is a small semicircular projection 
running horizontally. When vertical, it is a cocked 
bead. When flush with the surface, with a quirk or 
groove at its side, it is an ordinary bead. The 
Roman torus [163J differs from it only in being much 
larger and having a fillet on one side. The Grecian 
(162] is a parabolic sweep projecting about two- 
iifths of its depth. The Roman ovolo and cavetto 
[165 and 167 J are quarter-circles ; the Grecian [164 
and 166], are parabolic and elliptic curves. The cynia 
recta is two- quarter ellipses in the Grecian [1681 
and quarter-circles in tho Roman [169]. The cymn 
roversa is, in the Roman [171], merely reversed in 
position; in the Grecian [170] its form is also modi- 
fied. The scotia [172 and 173] is a compound curve 
in both Grecian and Roman, but proportioned 
differently. Except those which nre parts of circles, 
nono of the sw f oeps are rigidly fixed in contour, but 
arc required merely to have a graceful appearance. 
Their normal proportions are indicated by divisions 
on the straight dotted lines. For wording these 
mouldings by hand, planes of the correct form in 
various sizes are generally employed. 

Enlargement and Diminution of 
Mouldings. The most convenient- method of 
obtaining proportionate enlargements or reductions 
of mouldings is by means of radiating lines, as in 
174. The example shown is a plain cube, but if its 
form were irregular it could be treated in the same 
way by adding any number of intermediate radial 
lines. 

A simple method of enlarging a moulding is 
shown in 175, where A is enlarged at B by pro- 
jecting parallel lines from it to cut a diagonal of the 
required length. The thickness of A may be increased 
similarly. 

In 176 tho moulding A is reduced to B by drawing 
horizontal and vertical lines from its chief points 
to meet tho lines XX at right angles to them. 
From tho points XX in each case equilateral 
triangles are drawn to tho points 0, and tho inter- 
mediate lines from tho moulding ure converged 
to those points also. The lines 1 l across these 
triangles represent the diminished size of the 
moulding, and the converged lines may be pro- 
jected along to it in one direction and transferred 
with dividers in the other. If tho moulding is to 
ho proportionately reduced in both directions the 
horizontal and vertical lines 1 I must bear a 
definite relation to each other. Supposing the 
longer or vertical one to be decided on first, the 
length of tho other is obtained by taking tho 
horizontal length XX and transferring it from 
X to 2 on tho vertical line XX. From 2 a radial 
lino is drawn to O, which gives tho length 3 I on 
fho vertical lino 1 1; 3 1 will be the required 
length of tho horizontal line 1 I. 

RaKing Mouldings. When the ends of 
horizontal or vertical mouldings meet the ends of 
inclined ones, as in skirtings, pediments of doors 
and windows, and various constructions, the sloping 
joint of the inclined one must correspond in depth 
with the square end of the other, ana the depth of 
each measured square across cannot therefore be 
the same. Tho entire contour of the moulding 
also must be correspondingly modified in cross 
section to make the two pieces match at the joint. , 
In 177 we may suppose moulding fitted round a 
square body with a bevelled top. At A and C 
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horizontal moulding is seen in end view, and at B 
a section is given of inclined moulding for connecting 
A with C. Supposing the section at A already 
decided on, the required sections of the other two 
are obtained as follows. With the exception of the 
fillet at the top the moulding has no definite points 
from which lines can be projected, and therefore 
it is necessary to divide the curve into parts. 
From the points 1, 2, 3, 4, 5, fi, lines are carried 
Up to the horizontal lino above, and transferred 
from there to the correspondingly numbered points 
on the slope, and from there continued across at 
right angles. Lines running parallel with the slope 
are also carried from the divisions on the curve in A, 
and where they intersect the other lines, points are 
given through which the contour of the inclined 
moulding is traced. The divisions on the top surface 
are again repeated at C, and the verticals carried 
down to intersect the lines parallel with the slope, 
giving another set of intersections through which the 
contour of C is traced. The curved line XX in 
the lower part of the figure indicates how a curved 
or sprung moulding would be treated, all the lines 
following the slope then being curved to correspond 
with it. 

Figure 178 is an example of vertical angle bars of 
a shop window. Their ends are fitted to horizontal 
rails, and their points and backs are required to be in 
line, no matter what angle they lie at. Tho shape 
of the curved portion may be obtained by divisions 
as shown. Fig. 179 shows raking bars such as 
might be used in a lantern light or greenhouse roof. 
A is at the ridge, B and C are sections through two 
different slopes, and D is a horizontal piece at the 
eaves. In these there are no curves, and it is 
necessary only to draw lines from their angles. 

Mitres of Curved Mouldings. With 
these straight mitres can only be employed under 
certain conditions. Fig. 180 is an instance where a 
straight mitre necessitates making the section of 
tho curved moulding different to that of the straight 
one which it joins. By curving the mitre, two 
mouldings of similar section may be made to match 
at the joint. The curve is obtained by running a 
number of lines parallel with each and tracing the 
curve through their intersections. The modified 
moulding is obtained by irtaking its lines meet 
those of the other on a straight mitre. Curved 
mouldings of similar radius and section will join with 
a straight mitre when their concave or convex 
sides are towards each other, blit not internal 
curve with external 

Methods of Marking Out. The long- 
tooth, or grasshopper gauge is used ns in 181, for 
gauging lines on different levels, or when an inter- 
vening projection prevents an ordinary gauge from 
being used. An alternative is to mark the distance 
at each end and rule a line tl trough, but in some 
cases this is not possible. Measurements are made, 
as in 182, when the rule cannot be applied directly 
from one point to another. A flexible strip of 
steel or wood is often used for marking curved lines, 
cither on a curved surface as in 183, or by bending it 
to a suitable sweep, passing through the points re- 
quired, as in 184. The alternative to 183 is to 
fit ft piece of wood or cardboard to the contour 
and mark against one of its faces, or to gauge from 
an end face. Curved lines may be gauged parallel 
with a curved edge by using an attachment to the 
gauge, as in 185. Fig. 186 shows a rough method of 
marking Isuch a liue by hand. Much trouble 
may be saved, in marking a number of radial lines 
some distance away from a centre, by driving a pin 
into the centre for the straightedge to bear against, as 
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in 187. Figures 188 and 189 show methods of gauging 
pencil lines when a considerable number are required 
alike. Fig. 188 is a block of wood rebated to the 
required distance and slid along the work with the 
l>encil held against it or in a notch. Fig. 189 shows 
a gauge used similarly. Figs. 190 and 191 show an 
easy way of reducing the thickness of a piece of wood 
when it cannot be sawn. It can be cut with less 
effort- when the tools are used diagonally across the 
grain than when in the same direction. The edges 
ire first bevelled down to the gauge lines. Then, 
if the amount to bo removed is very much, a gouge 
is used first, and then a jack plane until the surface 
is almost down to the gauge lines. After that the 
planing is done in line with the grain. Spoke- 
shaves are used as in 192, and drawknives as in 193, 
with the work held in any convenient manner, 
usually in the vice. The spokeshave is used either 
from or toward the workman, as most convenient; 
the drawknife always toward. 

Staircases. This, with handrailing, is a 
branch of joinery requiring special knowledge and 
skill. The arrangement of stairs should be decided 
on in planning a building, and the carpenter should 
consider them in laying the floor joists, as these 
latter sometimes have to extend through a wall 
to form a landing in the stairs. As in most other 
work, staircases are put together as far ns possible 
in the workshop. Stairs should be arranged to 
make communication between floors as easy as 
possible. Two straight flights in opposite directions 
with a landing midway, are less tiresome to use 
than one continuous flight. A landing is also 
better than winding stairs at a turn. The latter are 
adopted only when the total rise and confined space 
demand it. The height and width of each step 
should bear a certain proportion to each other. 
An increase in one direction should mean a diminu- 
tion in the other. Thus a step may be wide and 
shallow or narrow and high. If this rule is departed 
from, they are tiresome to use. A rise of 7 in. with 
a tread of 9 in. or 10 in. wide, is found the most 
convenient, but unless the total rise and total 
amount of going in the forward direction are 
adapted for this it has to be modified. The joiner 
marks the exact rise and going of his staircase on 
a storey rod, and from this the number and size of 
the stops are decided. A storey rod is simply a long 
rod about- 1J in. square, on which the total lengths 
are marked. 

The individual steps of a staircase have to be 
secured at their ends to timbers called strings, 
which follow the elope of tho staircase, and when 
the width of the stairs is considerable, or when laths 
for plaster have to be nailed across the under sur- 
face, one or more intermediate carriages are added. 
Landings and the ends of strings and carriages are 
supported by joists from the walls, and often also 
by newel posts extending to the floor below. The 
boards of landings are usually buttoned instead of 
nailed to the joists. Where flights of stairs occur 
above one another a height of not less than 6 ft. 
must be allowed between the nearest points for 
headroom. Stairoases usually have a wall on one 
side while the other is open and provided with the 
handrail and balusters. 

Principal Types of Stairs. There are 
four principal types of stairs, three of which are 
shown in plan in 194 to 196. The simplest kind 
are straight, consisting of one flight, sometimes 
with winders at the bottom. Winders, which is 
the term applied to winding or radiating steps, are 
never used at the top of a flight if it can be avoided. 




144.-146. Saw-outs in wood to facilitate bending 147-164. Methods of building up 166 and 166. Examples of splayed 
work 167. Example of circle on circle 166-173. Mouldings 174-176. Enlarging and diminishing, mouldings 177a«dl79. 

Baking mouldings 1 80. Mitres of curved mouldings 1 81 -1 89. Methods of marking out m 


6299 




fcUILDINQ 

Tho next form is shown in 194. These are known 
as dog leg. They consist of two or more straight 
flights running in reverse directions, either with or 
without winders at the turns, and with their hand- 
rails in the same vertical plane. 

The foregoing are' the two commonest types. 
The others occupy more space and are used chiefly 
in high-class houses and public buildings. One is 
known as the open well, or open newel, type [195], 
and the other as geometrical stairs [196]. The o]xyi 
newel, in common with the straight and dog-leg 
types, have newel posts at each change of direction in 
tko stairs and handrail. They differ from tho 
dog-leg in having lateral space, called a well , between 
the flights. In making a turn the flights then are 
generally at right angles with each other instead 
of turning a semicircle from one flight to the next. 
Geometrical stairs may bo of several varieties, but 
they differ from all the foregoing types in having 
no newel posts, the handrailing and stairs being 
made to change direction without sharp turns. 
These must not- be confounded with spiral stairs, 
which have a central newel. 

Details of Strings and Steps. Figure 197 
is a back view of a portion of a straight flight 
supposed to be on the bench in course of con- 
struction. The strings usually differ in character 
ns shown. The one which goes against the wall is a 
parallel board l.V in. or 2 in. thick with recesses 
jj in. or 4 in. deep cut in its face to receive the ends 
of the steps. Those are tightened by wedges as 
shown and afterwards nailed from the other side, 
besides having glue- blocks in tho interior angle. 
Sometimes the string is thickened up by nailing 
brackets within to supplement the depth of the 
housing. The other string has its upper edge 
serrated to the shape of the stairs, and the ends of the 
treads, or horizontal boards of tho stops, rest on it. 
In cheap work they project an inch over to form a 
nosing similar to that on the front edges of the 
treads. The baluster ends are then housed about 
£ in. into it. But the usual method is to dovetail 
them in at the side and fit the nosing on after, by 
tonguing, secret screwing, or roughly by nailing. 
Tho front and side nosings are mitred at their 
joint. The risers , or vertical boards of the steps, 
are usually stop mitred to the strings as shown. 
Another method is to mitre them to ornamental 
brackets as in 198. 

Steps are first glued up separately as in 199. 
Figures 200 to 203 show various methods of jointing 
the treads and risers. Fig. 203 is known as slot 
screwing and is a plan adopted in many other 
instances. It allows the tread to shrink or swell 
in width without breaking the joint or splitting the 
wood. The recesses for treads and risers in the 
wall string are marked out by templets of similar 
length and thickness to those parts plus the amount 
for wedging. The steps are afterwards fitted 
separately and numbered ready for the final gluing 
up. The positions of the steps on the string are 
marked by a templet called a pitch hoard, which is 
a thin triangular piece of wood with two of its edges 
at a right angle representing the length and depth 
of one step. This is slid along the string against 
a guide behind it, which keeps its point to the 
nosing line of the stairs, and its angle in correct 
position. This is used on both housed and nit 
strings. The latter name is given to strings which 
are notohed out, as in 197 and 198. Occasionally, 
housed strings are fitted to the outer side of a stair- 
case, but usually they are on the wall side and the 
outer ones are cut. 
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Landings and Winders* Landings are 
either half or quarter space, according to whether 
they extend across the width of two 'flights, as in 
194, or only one flight, as in 195. The usual method 
of arranging their joists are shown in those figures. 
Winders at quarter turns are divided into three, 
as 195, and templets made to mark the shapes of 
the treads by. The ends of the treads and risers 
that radiate from the newel post are housed 
into it. 

It is bad practice to have the nosing of a winder 
radiating into the angle of the walls. It should bo 
divided as in 195 and 196. It is best, also, instead of 
radiating from the centre of the newel, to make the 
treads as wide as possible round the newel. Winders 
generally have to be built up in place, but as much 
as possible of the work is done in the shop, where 
there are better facilities for doing everything. 

Newel Posts. These arc 4 in. or 5 in. square, 
with portions turned. Tn sonic cases they extend 
to tho ground floor and help support the staircase, 
while in others their chief purpose is to support 
the handrail, and they terminate a few inches below 
the string in an ornamental end. Where they are 
employed the strings are tenoned into them as in 
204, and pinned. Newels are secured to joists 
by bolting them against the side, generally with a 
cogged joint. This is done at landings where a 
joist or trimmer crosses the newel, and at the base 
when newels extend to the ground floor. 

Carriages. The under edges of these should 
be flusji with those of (he strings. To avoid great 
depth they are generally stiffened and made to 
afford support- to the treads by nailing rough pieces 
on either their sides or upper edges as in 205, 
A, B, O. Their ends are fitted to joists or trimmers 
as in 206. Under winders they are framed into 
pitching pieces, which are fitted between newel 
and wall. 

Bullno.sc steps are formed by bending thin wood 
round a rough interior block, ns in 207. The 
riser is sawn down thin where it is to bo bent, and is 
glued and tightened by wedges at one side. Screws 
arc after wards put through into the thick part as 
shown. 

Geometrical Stairs. These have no 
newels to receive the ends of handrails at tho turns, 
but the rail is supported entirely by balusters, and 
changes its direction in curves. Tho outer string 
also must curve similarly round the well. This may 
he done either by staving it up or by reducing its 
inner face to a veneer, and bending it round a 
cylinder of the required size and gluing staves 
on the back [208]. Another way is to bend and glue 
several thicknesses of thin wood together round 
the cylinder, keeping them there till the glue is set. 
Fig. 209 shows the method of obtaining the stretched 
out shape of a semicircular bend like that in 196. 
The divisions on tho line XX represent the semi- 
circle stretched out flat. This may be done in a 
number of ways. The one shown is by projecting 
lines from an equilateral triangle through the points 
on the curve. From the line XX they are 
carried in parallel lines giving the tread widths. 
The drawing is developed by adding the riser 
heights, which are all alike. 

Handrailing, In stairs with newel posts 
the handrail is usually straight and tenoned into 
the posts at each end. Its inclination follows that 
of the staircase. Its height should generally be 
3 in. or 4 in. more on a landing than on the stair 
incline. Its inclination over the narrow ends of 
winders is naturally much greater than over full- 
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190-193. Some methods of working 194. Plan of dog-leg staircase 195. Plan of open well staircase 196. i Mail of geo- 
metrical staircase 197. Fliers in course of const ruction 198. Bracketed string 199-203. Details of steps 204. String 
tenoned into newels 205. Brackets on carriages 206. Carriage ends fitted to trimmers 207. Bull-noso step 208. .Staving 
veneer on a cylinder 209. Development of wreathed string 210. Bends in handrail 211. Wreath 2 1 2. Iron core in rail 


width fliers, and therefore* its height above the treads 
of winders should bo correspondingly diminished 
to make it convenient for use. For this reason 
straight rails are sometimes curved in elevation 
at each end, as shown in 210. In geometrical stairs 
the handrail is supported only by the balusters 
beneath it, and is winding or twisted in form to 
follow oorrectly the turns round the well whilo 
rising simultaneously with the stairs. These aro 
termed wreath and the work connected with them, 
and often the proportioning of the steps below them 
to obtain a graceful sweep, is done by specialists. 
The principle on whioh a wreath is formed is shown 
in 211, which gives elevation and plan of a semi- 
ciicular wreath. The actual marking out involves 
a great deal of geometry, and to go into details 
would occupy more space than can bo afforded 
in this course. The joints in rails aro usually 
square, and are held generally together by a 
handrail bolt and by two dowels. 


Balusters. Balusters may bo housed or 
tenoned into the under surface of the rail, or skew- 
nailed cither into a groovo or merely against the 
surface. A very substantial method often adopted 
for geometrical stairs, is shown in 212. An iron core* 
is screwed to the tops of the balusters, and this is 
screwed into a groovo in the under surface of tho 
rail. Balusters may bo either plain square rods, 
or rendered more ornamental by having their middle 
portions turned. Tho turned portions should bo of 
similar length, aud follow the angle of the string and 
rail, tho square ends being varied in length accord- 
ing to their positions on the treads. In most cases 
two balusters occur on each tread, one over tho 
nosing, and tho other equally divided horizontally 
between that and tho next nosing. The dovetails 
are marked by templet on the ends of the treads, 
in geometrical stairs iron balusters of similar pattern 
to tho wood ones are placed at intervals to afford 
substantial support to the handrail. 


Joinery concluded ; followed "by Plastering 
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Lothians, Stirling and Ayrshre. The output for 
1904 was 35,500,000 tons, half of which was 
from Lanarkshire, which feeds the great in- 
dustrial region of which the Clyde is the centre 
and outlet. 

The South Wales Coalfield. The 

South Wales coalfield ranks next in size, with 
an area of over 900 sq. miles. Deeply cut 
valleys penetrate into this mountainous region, 
bringing the outcrop to the surface and enabling 
the seams to be worked cheaply. This explains 
why the mines were long and shallow as compared 
with those of the North of England, though 
many are now carried to over 10,000 ft. The 
ports at the mouths of the valleys, of which t ho 
most important are Llanelly, Swansea, Card if T, 
Barry, and Newport, are well placed for export- 
ing coal cheaply. Much is used locally for iron 
smelting, the tin plate manufacture, etc. The 
eastern part of this field consists of bituminous 
coal. Tho centre supplies most of the steam 
coal for the Navy, while anthracite is mined in 
tho western part. More than 20,000,000,000 
tons are estimated to be available within 4,000 
ft., half being steam coal. At the rate of output, 
in 1903 (42,000,000 tons) this would last about, 
000 years. 

The Coalfields of the North of 
England. The coalfield of Yorkshire, Derby, 
and Nottingham, the largest in England, is 
about 750 sq. miles in area. The Silkstone is 
one of the best seams, it is continuous with 
the Arlcy coal of the Lancashire coalfield, and 
must originally have covered an area of 10,000 
sq. miles. The Barnsley coal is of a semi- 
anthracite character, developing a great It eat 
either as engine or smelting fuel. The estimated 
amount of workable coal in 1903 was over 
26,000,000,000 tons, available for 500 years at 
tho rate of 1903 (52,000,000 tons). This coal- 
field supplies tho Yorkshire woollen and iron 
industries. 

The Durham and Northumberland coalfield 
also lies east of tho Pennines. The seams w hich 
rim under the sea might probably he followed 
for about three miles. A famous seam is the 
Wallsend, five or six feet thick. Newcastle coal 
is in great demand in London, and also locally 
for the vast iron industries of the Tyne and 
Tees. The output in 1903 w as nearly 45,000,000 
tons. The area of visible coalfields w as estimated 
at 460 sq. miles, in addition to 225 sq. miles of 
concealed coalfields and 111 sq. miles under the 
sea. The estimated amount of w orkable coal whs 
estimated in 1903 at nearly 9,000,000,000 tons. 

Two important coalfields, those of Cumber- 
land and Lancashire, lie on the western flank 
of the Pennines. In the Cumberland coalfield 
all the coal lies within 2,000 ft. of tho surface. 
It is chiefly mined round Whitehaven, Working- 
ton and Maryport, and the workings have been 
carried about three miles under the Irish Sea. 
The amount of coal available has been estimated 
at 1,500,000,000 tons, which at the rate of 1903 
(over 2,000,000 tons) would last about 700 years. 

Tho South Lancashire coalfield, which extends 
into Cheshire, i% an irregular area of over 200 
aq. miles* Its output in 1903 was not far short 
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of 25,000,000 tons, a great part, of which feeds 
the great cotton and iron industries of Lanca- 
shire. The southern part of this coalfield is one 
of the most densely populated parts of Europe. 
The estimated reserve is 4,340,000,000 tons. 

Coal for the Black Country. The 
North Staffordshire coalfield is not very large 
(75 sq. miles), but it has thick seams of 
workable coal. Tho coal-l>earing strata are 
perhaps 5,000 ft. thick, with a total thickness of 
workable seams amounting to nearly 3,000 ft. 
Workings are carried down to nearly 3,000 ft. 
This region is not yet developed to anything like 
the extent possible, since few districts in the 
United Kingdom are so richly endowed with 
mineral wealth. The South Staffordshire coal- 
field, on the contrary, once enormously rich, has 
l*?en much depleted to feed the furnaces of the 
Black Country. The whole country between 
Wolverhampton, Dudley and Birmingham 
forms one great workshop [see 72, page 1274]. 
Professor Hull has vividly described the scene at 
night, as viewed from the walls of Dudley Castle, 
in the centre of the coalfield. “ The whole 
country within a radius of five or six miles is seen 
to be overspread by collieries, iron foundries, 
blast furnaces, factories, and the dwellings of a 
dense population, and from amidst tho thick 
smoky atmosphere the tongues of fire from the 
furnaces shoot up an intermittent light which 
illumines tho whole heavens. But the spectacle 
does not represent the whole sum of human 
labour, for whilst 10,000 hands are at work above 
ground, one half as many, perhaps, are lxmeath 
the surface hewing the coal which is to be the 
prime mover of the whole machinery in motion 
above ground.” The total thickness of tho 
workable scams in the Dudley district is about 
65 ft., a famous seam being the Ten-yard, with 
a general thickness of 30 ft. Probably nine- 
tenths of this rich seam are now worked out, 
drowned, or otherwise destroyed. In this area 
of 93 sq. miles, t hero were perhaps 1 ,400,000,000 
tons still available in 1903, in which year over 
13,000,000 tons were raised in the two Stafford- 
shire coalfields. 

The Warwickshire coalfield has the advantage 
of being the nearest to London. The area at 
present worked is about 30 sq. miles, with per- 
haps .30 ft. of workable seams. It may yield 
nearly 850,000,000 tons. The output in 1903 
was rather under 3,500,000 tons. 

Some Minor Coalfields. The Bristol 
coalfield, which extends to Gloucester and over 
much of Somerset, has tw o scries of coal-bearing 
strata, separated by harsh sandstones. Tho 
total area has been put down at 150 sq. miles, of 
which all but 45 sq. miles are concealed by more 
recent formations. The output in 1903 was 
about 1,500,000 tons, and it was estimated that 
over 4,000,000,000 tons might be available. Of 
this more than one-eighth is steam coal, suitablo 
for the Navy. 

There are numerous smaller coalfields, such as 
those of North Wales, Coalbrookdale, and the 
Forest of Dean. The total output for the whole 
of England in 1904 was over 161,000,000 tons, 
while Wales produced about 35,500,000 more. 
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The total for England and Willed was thus nearly 

197.000. 000 ton 5 *, giving a total for Great Britain 
of over 232,000,000 tons. 

The Irish coalfields are small and little 
developed. The most important are those of 
Dungannon in Ulster, and of Kilkenny in 
Leinster. The output in 1903 was only 100,000 
tons. About 175,000,000 tons are estimated to 
exist. 

Total Coal Resources of Britain. 

The recent Royal Commission estimated that 
there existed reserves of coal amounting to nearly 

101.750.000. 000 tons in visible coalfields, and to 
over 39, 000,000, CKX) tons in concealed coalfields. 
This vast amount, enough at the rate of 

230. 000, (XX) tons a year to last for six centuries, 
includes none more than 4,000 ft. below the 
surface, or more than three miles under the sea. 
The value of the estimated output is about 
£95, 000, (XX) annually. 

The quantity of British eoal exported has for 
several years exceeded 40.000,000 tons. In 1(X)4 
it exceeded 40,000.000. This does not include 
bunkerage for consumption on loird ship, 
which amounted in 1904 to over 17X00,000 tons, 
making a total of nearly 64,000,000 tons, or over 
30 per cent, of the output. France, Germany, 
and Italy are the largest importers. 

For a list and map of the British coalfields, see 
pages 987 and 988, and for the use to which the* 
coal of each field is put, see the “ Industry and 
Trade of Great Britain,” in a later article. 

Russian Coalfields. The coalfields of 
Russia are nearly twice as great in area as 
those of Britain ; those of Spain are less than 
half as great as our own. Here, again, area is 
not the proper basis of calculation, for Ger- 
many, with less than one-tenth of the actual 
area of the Russian coalfields, is the third largest 
producer in the world. 

The coalfields of Russia are found (1) in 
South-west Poland; (2) in the Donets basin, 
covering an area of over 10,000 sq. miles ; (3) in 
Central Russia round Moscow ; and (4) in the 
Urals. Beyond the confines of European Russia 
arc the coalfields of the Caucasus and the Altai. 
The Moscow, Donets, and Polish coalfields arc 
all developing rapidly. The present output of 
Russia is about 10,0Q0/XX) tons, valued at neatly 
£7,000,000. 

Spanish, French, and Belgian Coal- 
fields. Between Santander and Oviedo is the 
potentially rich coalfield of Asturias, with 60 
workable seams of good quality. There are also 
rich deposits in Eastern Spain. The present 
output, however, is small, being under 3,000,000 
tons, valued at less than £1,000,000. 

The important Franco- Belgian coalfield 
stretches from near Aachen to Calais (210 miles), 
where the strata dip beneath the Channel, to 
reappear near Dover and in the Bristol coalfield. 
On this coalfield arc the iron towns of Liege, 
Namur, and Mons in Belgium, the cotton town 
of Lille in France, and many smaller industrial 
towns in both countries. The total area is 
about 1,200 sq. miles, but the strata are in places 
interrupted by or buried beneath the chalk. 

In Central France, on the flanks of the Central 
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riateau, are many small fields of which St. 
Etienne is the busiest centre. This also supplies 
the silk industry of Lyons. 

The present output of France exceeds 

32,000,000 tons, valued at £19,000,000. The 
Belgian output is 22,000,000 tons, valued at 
£13,000,000. 

The Coalfields of Germany and 
Austria-Hungary. The Saar coalfield is the 
largest in Germany (900 sq. miles), supplying the 
rapidly growing industries of Alsace-Lorraine. 
The strata probably descend to 20,000 ft., so 
that the full resources can never be utilised. 

'Hie Westphalian or Ruhr valley coalfield 
extends from the Rhine at Duisburg and Ruhrort 
for about 40 miles up the Ruhr valley. The 
great iron towns of Essen and Barmen -Elberfeld 
are on the coalfield, which also exports coal by 
the Rhine. 

The other important coalfields are in Saxony, 
on the flank of the Erz Gebirge, or Ore Mountains, 
and in Silesia, on the flanks of the Riesen Gebirge, 
and in the extreme south-east at the western 
end by the Polish field. The total output of 
Germany is about 130,000,000 tons, about half 
that of Britain, valued at £55,000,000. 

In Austria-Hungary coal is found in Bohemia, 
Moravia, and Silesia, in the flanks of the Central 
European Highlands. There is practically no 
coal in the Alpine provinces, but some lignite is 
found in Styria. The output is about 40,000,000 
tons, valued at £9,000,000. 

in the other countries of Europe coal is 
unimportant. 

The Coalfields of Asia. China probably 
possesses the largest and richest coalfields in the 
world. The province of Shansi, in Northern 
China, has seams of coal 40 ft. thick, and easily 
accessible. Iron is also abundant, and the whole 
region is destined to become a second and richer 
Pennsylvania The deposits are continued in the 
adjoining province of Honan. In the Yangtse 
basin of Central China, and especially in the Red 
Basin of Szechwan, coal is exposed in the gorges 
of the Yangtse and its affluents, needing only to 
be followed by adits, as in South Wales. There 
are also coalfields in Hunan and Kwangtung in 
Southern China, in Manchuria, and in Korea. 
Japan has coalfields in Kiushiu, Yezo and 
Formosa. In Tongking there are coal seams 70 ft. 
thick. Still further south coal is found in Borneo. 

Coal is found in many parts of India, but 
most abundantly in Northern India. The most 
important coalfield at present worked is that 
of Raniganj (500 sq. miles), about 120 miles 
from Calcutta. The output of India is at 
present only 7,000,000 tons. 

Australasian and African Coalfields. 
Important coalfields lie between the Great Divid- 
ing Range and the Pacific Ocean, in New South 
Wales and Queensland. Newcastle, at the 
mouth of the Hunter River, is the outlet for the 
mines of that district. At Brisbane, the capital 
of Queensland, says Professor Hull, quoting the 
famous Australian geologist Clarke, “ steamers 
can load by lying literally at the mouth of the 
mines,” for the coal Beams are exposed close to 
the sea and are accessible by adits. Tasmania is 
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jilso well provided with coal. In New Zealand 
North Island has considerable deposits of lignite, 
while South Island has both lignite and coal. 

Africa is poorly provided with coal in com- 
parison with the other continents. A little is 
found in Abyssinia and British East Africa, but 
the rich coalfields of the continent are south of 
the Zambezi, in British territory. Large deposits 
of good coal occur in Rhodesia, the Transvaal, and 
the Orange River Colony. Good bunker coal is 
obtained from Newcastle and Dundee in Natal, 
and there are also deposits in Eastern Cape 
Colony. If* as some geologists think, these are 
parts of a single great coalfield, the potential 
resources of South Africa arc considerable. 

Coalfields in the New World. Coal 
is very unequally distributed in the New World. 
In South America it occurs in parts of Venezuela, 
Southern Brazil, Uruguay, Argentina, including 
Southern Patagonia and Tierra del Fuego, 
Chile, and Peru, but not to any great extent. 
The output of Chile, though increasing, is not 
yet large. The coalfields of North America vie 
with those of Eastern Asia in extent and value. 

Rich coalfields arc worked in Nova Scotia in 
the east, and in Vancouver Island in the west 
of Canada, the Nanaimo mines of the latter 
yielding the only good coal of the Western 
Pacific shores. In the interior, coal occurs from 
Manitoba westwards, especially in the Rocky 
Mountains, but owing to the lack of communi- 
cations and population, only a fraction is worked. 
The coalfield west of the Crow's Nest Pass, now 
reached by the railway, is said to be one of the 
most extensive deposits in the world. Unfortu- 
nately. Eastern Canada, the most densely- 
populated part, is destitute of coal, and imports 
much from the United States, Buffalo being the 
chief lake port. 

Coal in the United States. The United 
States ranks first among the coal -producing 
countries of the world, with an output of 
’284,000,000 tons, valued at nearly £85,000,000. 
Coal is said to underlie about one-sixth of the 
country, but estimates of the total area of the 
coalfields vary considerably. Those of the late 
Professor Rogers made it about 197,000 sq. 
miles, but- the later estimates of Professor Hitch- 
cock raise it to nearly 230,000 sq. miles. Other 
estimates put it at a still higher figure. The 
figures given below are those of Professor Hitch- 
cock. Bituminous coal is mined in twenty -five 
States. Pennsylvania, Illinois, Western Virginia, 
and Ohio coming first. Much coal is locally 
used, especially in the busy region round the 
Upper Ohio. 

The coalfields of tile United States arc (1) 
the Appalachian field, extending from New York 
to Alabama, a distance of 900 miles, through the 
States of Pennsylvania, Maryland, West Virginia, 
Ohio, East Kentucky, Tennessee, Georgia, and 
Alabama. In West Virginia the thickness of 
coal is about 50 ft. The total area of the coal- 
field is over 63,000 sq. miles. The coal is often 
exposed in the deeply-cut mountain valleys, so 
that it can be easily and cheaply worked. The 
numerous rivers transport it cheaply to the 
towns and industrial centres. Its combination 


with iron in Western Pennsylvania has created 
the great iron industries which centre round 
Pittsburg. In this region, and especially at 
Conncllsville, is made three-quarters of the coke 
of the United States, used chiefly in the pig 
iron industry. Tho output of Pennsylvania is 
about 82,000,000 tons of bituminous coal. New 
York ranks next to London as a coal market. 

The Control Coal Basin, east of the Missis- 
sippi, in the States of Illinois, Indiana, and 
Western Kentucky, is over 51,000 sq. miles in 
extent, with a maximum of 30 ft. of coal. The 
northern or Michigan basin is small, under 
7,000 sq. miles, with a maximum of 11 ft. of 
coal. West, of the Mississippi is the vast West 
Central or Missouri coalfield, with an area of 
over 100,000 sq. miles, in the States extending 
from Towft to Texas, and including parts of 
Nebraska, Missouri, Arkansas, and Indian 
Territory. Much of the Texas coal, however, is 
poor in quality. There is also coal in parts of 
the Rocky Mountains, and in parts of the 
Pacific coast.. 

A Vast Deposit of Anthracite. 

Pennsylvania also loads in the production of 
anthracite, turning out about 55,000,000 tons a 
year. The deposit area of anthracite, Susque- 
hanna, Lehigh, and the Schuylkill valleys of 
Eastern Pennsylvania, is estimated at about 
150 sq. miles. A species of anthracite, resem- 
bling graphite and very difficult, of combustion, 
is found in the New England basin, estimated at 
750 sq. miles in area. Small deposits are also 
found in Colorado and New Mexico. Lignite is 
abundant in the western part of the Central 
Plain, and round the Gulf of Mexico. 

Most of the United States coal is absorbed by 
the home market, though increasing quantities 
are exported to Canada, t ho West Indies, Cent ral 
and South America. 

In Mexico coal is found in several parts, but at 
a height of from 2,000 to 4,000 ft. above the 
sea. There is also some coal in Central America 
and the West Indies. 

The world's output of coal at the present time 
thus amounts to over 800,000,000 tons a year, 
valued at nearly £300,000,000. 

Petroleum. Petroleum is a liquid mineral 
product, stored in subterranean reservoirs. 
These arc generally reached by boring, but there 
are also “ gushers," or free-flowing wells, yielding 
many thousands of gallons daily, much of which 
runs to waste before storage apparatus can be 
erected. The crude oil is usually carried in 
pipes to the centres from which it is distributed, 
refined, or unrefined, as the ease may be, by 
pumping it into tank ears or tank steamers. 

Petroleum is widely distributed. It is found 
in Germany, Galicia. Rumania, and on a vast 
scale in Southern Russia in Transcaucasia. Tho 
petroleum of the oil- fields of Burma is carried 
by pipes to Rangoon, for the Indian market. The 
line of deposits is continued in tho islands of tho 
Eastern Archipelago (Java, Sumatra, Borneo, 
the Philippines), near Sydney, in New South 
Wales, and in New Zealand. Africa has workable 
deposits in Algeria and Cape Colon j r . The oil- 
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fields of North America vie with those of Russia. 
Those of South America (Peru, Venezuela, Argen- 
tina) are less considerable. 

. Baku, on the Caspian Sea, is the chief centre 
of the Russian oil industry, which in 1901 pro- 
duced nearly 300,000,000 gallons. Political 
strife and insurrections have greatly injured it 
in the last year or two. Much of the output goes 
across the Caspian to Astrakhan and the Volga 
for the European markets. Some is distributed 
through Batum and Poti, on the Black Sea. 
The restriction on sending oil in bulk through 
the Suez Canal is now removed, and Port Said is 
the depot for the Eastern market. 

Petroleum In the New World. The 
first boring for petroleum in the United States 
was made in Pennsylvania in 1859. The product 
was refined round Pittsburg and Oil City. This 
region still leads in output, with 20,000 wells 
and several thousand miles of pipes leading to 
refining and exporting centres on the Great 
Lakes and the Atlantic coast. Ohio, Indiana, 
Texas, and California have increasingly important 
sources of supply. Fresh discoveries will doubt- 
less be made. As lately as 1901 a very produc- 
tive region was found at Beaumont, in Texas, 
less than 20 miles from the sea. 

The distillation of petroleum is said to yield 200 
different products which are widely used in the 
industrial arts. The lighter oils, known in tho 
United States as kerosene, arc used for lighting, 
tho heavier (American paraffin) for heating and 
lubricating machinery. Oil fuel for steamers and 
trains, already used to some extent, lias probably 
a great future. Other products, all highly inflam- 
mable, aro naphtha, gasolene or petrol, benzene, 
benzoline, and rhigoline, the latter used to 
cause local anaesthesia by rapid evaporation. 
The residuum yields paraffin and vaseline. Tho 
former is used in making candles and to insulate 
electric wires. Ozokerit, a very similar substance 
of natural origin, found in Galicia and Utah, is 
put to the same uses. 

British paraffin oil and paraffin wax are distilled 
from bituminous shale near Edinburgh. Simi- 
lar shales are worked in Now’ South Wales and 
Queensland. 

Natural gas occurs in many parts of the United 
Statos, but is commercially important only in 
Western Pennsylvania and parts of Ohio and 
Indiana, where it is carried by pipes to the 
industrial centres. It has special advantages in 
glassmaking, which has become important in 
Western Pennsylvania. 

Asphalt, used in street paving, can lie obtained 
from petroleum, but its commercial sources are 
the natural deposits in Barbados, Trinidad, 
Venezuela, Algeria, the Swiss Jura (Val de 
Travers) and other parts of Europe. 

Ifgm and Steel. Iron ranks next to 
tcoal in commercial importance. Directly or 
indirectly, it is used in nearly all industrial 
undertakings, so that the material condition of a 
country can be roughly estimated by the annual 
consumption of iron. In the United Kingdom 
and the United States, it amounts to about 
300 lb. per head of tho population, against less 
than 3 lb. in India. Iron is said to occur pure in 
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Greenland, but elsewhere it is mixed with carbon, 
sulphur, phosphorus and other impurities. 
[See Metals.} The principal iron ores are 
(1) the black oxide or magnetic iron of Sweden, 
the Urals, Canada, and the United States ; (2) 
the red or brown haematites of Northern Spain, 
Elba, France, Germany, and the British Isles. 
In England there are deposits 16, 30, or 60 ft. 
thick, in the Furness district. The purer 
carbonates of iron are known as spathio ore, 
the less pure as clay ironstone and blockband 
ores. The Eisenerz district of Styria is tho chief 
source of spathic ore. Some spathic ores are 
rich in manganese, which plays an important 
part in the Bessemer process [See below.] The 
day and blackband ores are very common in 
Britain. Tho sulphides, or iron pyrites, are 
valuable only for the sulphur they contain, a 
minute percentage of sulphur being extremely 
injurious in iron. 

The Supply of Iron. Iron is very 
widely distributed over tho world, but the 
United States, the United Kingdom, and Spain, 
are the chief sources. The best ores are those of 
Canada, Lake Superior, Sweden, and Algeria. 
The chief iron fields of Britain are in the Scottish 
coalfield, on the Cumberland coalfield, including 
the Furness district of Lancashire, round the 
Tyne and Toes, including tho Cleveland district 
of North Yorkshire, on the Yorkshire coalfield, 
especially round Sheffield, in many parts of the 
Central Plain, especially on the coalfields, and 
on the South Wales and Bristol coalfields. 

In the United States the Northern Appala- 
chian region (Pennsylvania, New York) has 
in recent years been passed by the Lake Superior 
region (Minnesota, Michigan) and by the Southom 
Appalachian (Birmingham, Ala.). 

Iron occurs either at tho surface or at con- 
siderable depths. The Bell Island mines of 
Newfoundland are really an open quarry of 
red haematite. Some of the famous iron ores of 
Like Superior can lie extracted by steam 
shovels, the daily output of each shovel being 
from 1,500 to 2,000 tons. 

Iron enters into commerce as pig iron, cast 
iron, wrought iron, and steel. 

Iron Smelting. To remove impurities 
iron must be smelted. Before the use of coal, 
the fuel was charcoal, but only very pure ores 
could be used. The iron industry was then con- 
fined to forested districts such as the Forest of 
Dean, in this country, or the Weald, whioh was 
gradually deforested by the ironworkers. The 
black oxide occurs in rocks in which ooal is very 
seldom found, and theso ores aro still smelted 
with charcoal in Sweden and Russia, both forest 
countries. The process is much dearer, but a 
much better result is obtained. With the intro- 
duction of coal fuel the iron manufacture shifted 
to the ooalfields. In our own country coal and 
iron generally occur together. This is one of our 
great commercial advantages. Where they do not 
occur together it is more economical to carry 
the ore to tho fuel, for the equivalent of two 
tons of coal is needed to turn out one ton of 
steel. This is profitable only where water 
transport is available, as in the case of Lake 



Superior, Sweden, and Northern Spain. Where 
long railway freights would bo incurred, as with 
the rich iron deposits of tho Rockies, iron, how- 
ever abundant, is commercially of little value. 

Coke, which is relatively free from sulphur, 
petroleum, or natural gas, is also used in iron 
smelting. 

To extract iron from the ore tho latter is 
smelted, or melted, by intense heat, in blast 
furnaces with forced draught. The largest 
furnaces in this country are round Middles- 
brough, tho centre of the Cleveland district. 

Where coal, iron, and limestone occur together 
a district is ideally situated for iron smelting. 
This is the case in the coalfields of the Pennines, 
in this country, and in the Birmingham district 
of the Southern Appalachians. 

The World’s Production of Iron. The 
total quantity of ore to-day extracted exceeds 

90.000. 000 tons, valued at over £26,000,000. 
The United States turn out nearly 31,000,000 
tons, or over one-third ; Germany (with Luxem- 
burg), 17,500,000 tons, or nearly one-fifth ; and 
the United Kingdom; over 13,000,000, or one- 
seventh. Spain produces 8,000,000 tons, Russia 
and France about 5,000,000 tons each, and 
Sweden and Austria-Hungary over 3,000,000 tons. 

The world’s production of pig iron is about 

50.000. 000 tons, the United States leading with 

23.000. 000 tons in 1905, or more than one-third. 
In 1905 Britain turned out 0,593, 000 tons. 
Half a century ago the United States produced 
only half a million tons, and this country only 
2,225,000 tons. 

Wrought iron, which is malleable, ductile, and 
very flexible, is made by stirring or “ puddling ” 
molten pig iron in contact with tho air to burn 
out the carbon. 

Steel. Steel is a form of iron in which the 
small proportion of carbon required seems to 
enter into chemical combination with the iron 
instead of being present as an impurity. Steel is 
harder and stronger than iron and finer in grain. 

For ordinary purposes steel is mode by one 
of three processes — the Bessemer process, the 
Siemens-Martin, or open-hearth process, and the 
basic process [sco Metals], Where phosphorus 
is present in the ore the basic process is used, lime 
bemg introduced to combine with the phos- 
phorus. This discovery allows the Cleveland 
ores to be made into steel, and has greatly in- 
creased the prosperity of Middlesbrough. 

The World’s Output of Steel. The 
world’s output of steel exceeds 33,000,000 
tons, of which over 14,000,000 tons are made in 
the United States, over 7,000,000 tons in Ger- 
many, and nearly 5,000,000 tons in tin’s country. 
In the United States the steel industry, formerly 
carried on almost exclusively at Pittsburg, is 
now extending north to the southern shores 
of Lakes Erie and Michigan, where the ores 
of Lake Superior meet the coal of Ohio and 
Illinois, and to the Birmingham region of the 
Southern Appalachians. 

Forty years ago, when iron rails were used, only 
light engines of 25 to 35 tons could bo used, and 
traffic was proportionately slow. Modem engines, 
running on steel rails, are three or four times 
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as heavy. Steam boilers resist four times more 
pressure than the old iron ones, so that speed 
is accelerated while fuel is economised. This 
has led to an enormous development of railway 
and steamer traffic, and, generally speaking, 
to an all-round cheapening of ' commodities. 
( Jreat engineering works, such as the Forth Bridge 
or the bridge across the Zambezi gorge, have been 
rendered possible. Steel is even replacing timber 
in the framework of modern buildings, especially 
in the sky-scrapers of tho United States. 

Gold and Silver. Gold and silver play 
an important part in the commerce of the world 
by serving as the basis of the currency. They 
have also many uses in the industrial and decora- 
tive arts. Both gold and silver are very widely 
distributed, but many deposits would not pay 
working expenses. Gold is found in quartz 
or other rock veins, either pure or in combination. 
Tho rock has to be mined, crushed, and chemi- 
cally treated [see Mining and Metals]. In 
many regions gold-bearing rocks have weathered, 
and gold is carried down by the streams, from 
whose sediment it can bo extracted by washing, 
the lighter matters draining away, and the 
heavier gold remaining. Roughly done, this 
process (placer mining) is wasteful, and it is now 
generally carried out on a large scale by hydraulic 
apparatus and the use of mercury, which forms 
an amalgam with tho gold. 

The discovery of rich placer deposits in the 
Californian Sierras in 1848 led to a “ gold rush.’* 
Similar outbreaks of “ gold fever ” followed tho 
discoveries of placer gold in Australia in the 
’fift ics, and in the Klondyke in tho ’nineties. 

The world’s output of gold has been increased 
in the last half-century by these and other 
discoveries, and by improved methods of extrac- 
tion. In 1905 it was estimated at 541 tons, valued 
at £75,000,000. The Transvaal, where tho richest 
auriferous district is the Rand, near Johannesburg, 
leads with an output valued at about £20,000,000. 
The United States produce nearly £16, 000, (XX) ; 
Australia, £15,000,000 ; and Russia less than 
£5,000,000. Canada, Mexico, and India rank 
next. Tho British import of bullion exceeds 
£21,000,000, three-fifths of which comes from 
South Africa and one-sixth from Australia. 

Most of the civilised countries of the world 
take gold as the standard of value and the basis 
of the currency. Owing to its extreme softness, 
it is mixed with silver, iron, copper, or other alloy 
to give it sufficient hardness. Gold is also largely 
used in the decorative arts, and is put to some 
industrial purposes (photography, dentistry). 
Gold leaf is made by beating out a given quantity 
of gold till its thickness is inappreciable. 

Silver. Silver is generally found in com- 
bination with other elements, and very commonly 
with lead. The whole of the Pacific of North 
America is argentiferous, Mexico, the United 
States, and Bolivia leading as silver-producing 
countries. Mexico produces over 60,000,000 oz., 
or somewhat less than 2,000 tons. Tho United 
States exceeds 55,000,000 oz. Bolivia and Aus- 
tralia both exceed 10,000,000 oz., or 300 tons. 
The total output of the world is over 170,000,000 
oz., valued at over £20,000,000. The value of 
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silver has fallen rapidly in recent years, being 
less than Is. lOd. an ounce in 1902. It has since 
gradually risen, and stands to-day at about 
2s. 6d. an ounce. 

Silver forms part of the currency of gold 
standard countries, and the entire currency of 
many others. It is used in making plate and 
jewellery, in other decorative arts, in photo- 
graphy [see Photography], etc., and also for 
eleetro-plating [see Electricity and Metals]. 

Copper. Copper is, after silver, the best 
conductor of electricity, while it is much cheaper. 
The demand has therefore increased enormously 
in recent years. Copper is found either pure, as at 
Lake Superior and Bolivia, or in ores, the smelting 
of which presents considerable difficulty, and 
tends to be carried on at a few noted centres. 
In the ’sixties, Chile was the main source of the 
world’s copper supply, but it is now surpassed 
by the United States, which turns out half the 
world’s product of 770,000 tons (1906), valued at 
about £66,000,000. The most important de- 
posits, besides those of Lake Superior, are in tho 
Rookie*. These are continued in Mexico and in 
the Andean countries —Chile, Peru, Argentina, 
Bolivia. In Europe the chief mines arc in tho 
Iberian Peninsula, especially in the Rio Tinto, 
and in the Harz. Japan and Australia are also 
copper producing countries. The chief smelting 
centres in this country are at Swansea, Whines, 
and Glasgow. 

Copper is chiefly used for electrical apparatus, 
for sheathing ship plates, and in tho manufacture 
of brass, bronze, and bell-metal. The increasing 
demand is leading to a rise of prices, and rumours 
of a future copper famine. 

Lead. Ix‘ad is seldom found pure. It gener- 
ally occurs in the form of galena, which contains 
a proportion of silver. In Europe, Spain and 
Germany are the chief sources of supply. Aus- 
tralia yields about one-tenth of tho world’s 
output, which amounts to about 870,000 tons, 
valued at over £11,000,000. In the Now World, 
lead is found in the Rockies, including Mexico, 
and in Peru and Chile in South America. It is 
in increasing demand for plumbing, roofing, the 
manufacture of shot and type metal, and for the 
manufacture of solder, pewter, Britannia metnl, 
etc. Red and white lead are largely used in tho 
manufacture of paints. The United Kingdom and 
the United States take more than half of tho 
world’s supply of lead, the output of Mexico 
going to the latter, that of Spain to the former. 
Great Britain has the largest import and export 
trade in lead in tho world. 

Mercury. Mercury, or quicksilver, is a 
liquid metal, used in making scientific instru- 
ments, such as the thermometer and barometer, 
in gold-mining, medicine, etc. The most famous 
mines in Europe are those of Almadon, in the 
Siqrra Morena (Spain), Idria, in Camiola 
. (Austria-Hungary), and Northern Italy. In 
1 California are the rich mines of New 
Almaden. Large quantities of mercury are 
exported from San Francisco to the mines 
of Mexico and Central and South America. 


Tin and Zinc. Tin, though widely dis- 
tributed, seldom occurs in paying quantities. The 
mines of Cornwall, the richest in Europe, no longer 
supply the demands of the home market. At 
present the chief sources of supply are the Malay 
Peninsula, and the islands of Banka and Billiton 
in the Dutch East Indies. Tin also occurs in 
Australia, and is exported in some quantity 
from Tasmania. Bolivia is the chief exporting 
country in the New World. Tin is chiefly used 
to coat thin sheets of iron (tinplate), from which 
tinware is made. The South Wales coalfield is 
largely engaged in the tinplate trade. Tin is also 
used in making bronze, pewter, and Britannia 
metal. Zinc is found in various parts of the 
United Kingdom, but Prussia and Belgium are 
the chief sources in Europe. In the United States 
it is found in the States of Kansas and Missouri. 
It is largely used in making galvanised iron, so 
extensively used for roofs. 

Other Metals and Minerals. Tho 

other metals of commercial valuo are aluminium, 
obtained by eleetrio processes from bauxite and 
cryolite. [See Metals.] Aluminium works are 
commonly near falls (Niagara, tho Swiss valleys, 
the Falls of Foyers in Inverness, etc.), which 
supply the needful power. For antimony, 
arsenic, bismuth, chromium, cobalt, man- 
ganese, nickel, and platinum, and their uses [see 
Metals]. 

Many other commodities belonging to this 
class might bo mentioned if space permitted. 
Sulphur, used in making gunpowder and matches, 
in tho vulcanisation of india-rubber, and for 
many other purposes, is obtained either from 
volcanic districts, or from iron pyrites. Plum- 
bago (graphite, blackload) is chiefly obtained 
from Ceylon. Nitrate of soda, a valuable agri- 
cultural fertiliser, is worked in the deserts of 
Northern Chile. Salt, one of the most valuable 
articles of diet, is found in many parts of the 
world, either os rock salt, or brine springs. 
It is also obtained by evaporating sea water 
[see article on Condiments in Food Supply.] 

Marble is the most valuable of many building 
stones. Lithographic stones are obtained from 
Bohemia. Kaolin, a decomposed granite which 
derives its name from the Kaoiing Mountains of 
the Chinese province of Kiang-si, is used in 
making pottery and paper. It is found in Corn- 
wall, France, Germany, and the United States 
[see Earthenware], 

Precious Stones. The most valuable of 
precious stones is the diamond. Nearly the 
whole of the world's supply comes from South 
Africa. Brazil supplies only a fraction, and 
those of inferior quality. Pearls and mother-of- 
pearl are obtained from the Persian Gulf, Ceylon, 
the seas round Australia, and Venezuela. Rubies 
come chiefly from Burma and Siam, Sapphires 
are exported from Ceylon, Kashmir, Burma, and 
Queensland. Opals come from Hungary, Mexico, 
Colorado, New South Wales, and Queensland. 
Coral, produced by the coral polyp* is fished 
in various parts of the Mediterranean. 


Continued 
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T HE recovery of rubber is a problem to the solu- 
tion of which much thought and research have 
been devoted, and it cannot be said that it is 
yet adequately solved. The nature of the re- 
action which occurs between the prepared caout- 
chouc and sulphur during vulcanisation renders the 
elimination of the combined sulphur and the recon- 
struction of the rubber hydrocarbon on a practical 
basis, which would he the ideal process, extremely 
improbable, if not impossible. Since this has been 
recognised, efforts have been directed to the removal 
of free sulphur and other ingredients, after which 
the recovered rubber is again worked up, either 
by itself or with some compounding material, such 
as fresh rubber. 

The Waste Rubber Industry. The 

large annual consumption of rubber places huge 
quantities of old or waste rubber at the disposal of 
tho manufacturer. Disused rubber shoes, large 
quantities of which are received from Russia, 
form one of the principal sources of raw material : 
old cycle tyres, and waste cuttings of vulcanised 
shoot rubber are also largely utilised. To a less 
extent, too, mechanical goods arc employed, such 
as old hose, belts, and packing. Reclaiming waste 
rubber is quite a separate branch of the rubber in- 
dustry to which many large firms devote themselves 
entirely. They usually have their own special 
methods of treating the waste material; many 
innovations and improvements in the processes are, 
however, constantly being brought out. There are 
two general methods in use — namely, one which is 
entirely mechanical, and the other a chemical treat- 
ment. Reclaiming rubber was first practised in the 
United States, where the process consisted merely 
of boiling the waste vulcanised rubber after 
it had been reduced to a powder, and then running 
it into sheets. The general lines upon which opera- 
tions are now conducted are as follows; The raw 
material is first carefully graded, according to the 
quality of the rubber and the extent of oxidation 
it has undergone t lirough use and exposure. Foreign 
substances, such as iron, brass, leather, textures, etc., 
are then removed as far as possible by mechanical 
means. The material is then ground and treated 
chemically for the removal of sulphur and fibres. 

The usual agents employed to effect this are 
either acids or caustic alkalies. Neutral sulphite 
solutions have also been introduced for this purpose. 
The rubber is then well washed with water and 
dried, after which it is kneaded on heavy mixing 
rollers where additions of oil, paraffin, or naphtha 
are frequently made in order to render it plastic 
and cohesive, and amenable to treatment on the 
calenders by which it is rolled into sheets like 
unvulcanised rubber. The quality of the re- 
claimed rubber will naturally depend upon tlwt 
of tho raw material employed. 

Uses for Reclaimed Rubber, Reclaimed 
rubber is used chiefly for soles of shoes and for 
compounding with unvulcanised caoutchouc. Tho 
mechanical process, whioh is not used to tho extent 
of the above chemical method, consists of dis- 
integrating the waste rubber, when fragments of 
iron are removed by magnets, and textile fibres 


blown out by treatment in a special apparatus. 
The powdered rubber is then strongly heated and 
drawn out into sheets. 

Reclaiming Rubber by Means of 
Solvents, Non-volatile solvents have been 
found more applicable for the recovery of rubber 
than volatile solvents. Those principally em- 
ployed arc aniline, toluidine, and phenol, heavy 
oils, and tar, the chief obstacle encountered! 
being the slight solubility of vulcanised rubber. 
The method of reclaiming with phenol consists 
mainly of extracting the finely- powdered waste 
rubber under reduced pressure. After removal 
of the free sulphur and separation of the reclaimed 
rubber, the phenol is recovered by distillation. 
In another process coal-tar bases, such as aniline, 
are employed for dissolving the rubber, which is 
afterwards thrown out of solution in the form of 
a tough mass by the addition of acid. 

The making of rubber substitutes is nnotlier 
question which has long claimed the attention of 
rubber chemists and manufacturers. Owing to the 
high cost of rubber, extensive trials have been 
mado to provide an artificial substitute which 
would have similar, or identical, properties to 
the genuine article. France achieved the greatest 
success in this direction and the first rubber 
substitute emanated from that country, whence 
products of this description have derived thoir 
name of “ factiee,” which is a generic term for 
all artificial rubber compounds made with vege- 
table oils. The oil, which is either linseed, rape 
seed, or cotton-seed oil, first undergoes an oxida- 
tion process, and is then either treated with chloride 
of sulphur or mixed with sulphur and heated. 

Three Kinds of Rubber Substitutes. 
There are three kinds of substitutes — while, 
brown, and black. Tlieir value lies, when used ill 
moderation, in lowering the cost of the material 
without deteriorating its quality to any appreciable 
extent, and for this purpose they possess certain 
advantages over mineral adulterants and bitu- 
minous products. Besides sulphurised oils, many 
other substances of most diverse natures, including 
resins, glues, asphalt, and cellulose, have been tried 
for producing a good subst itutc. Two or three com • 
positions may be worth mentioning. Blnnditc, 
invented by Dr. Blandy, is an artificial india- 
rubber of fair elasticity ; it is vulcanised like the 
ordinary rubber, and can be moulded. Its con- 
stituents are oxidised linseed oil to which a 10 per 
cent, solution of chloride of sulnhur in carbon 
bisulphide is added with gentle heat; one part 
of the oil is then mixed with three parts of Trinidad 
asphalt, the whole being gradually liquefied by 
heating and stirring, after which it is run into sheets. 

Fenton’s artificial rubber is a product patented 
by F. Fenton and manufactured from linseed or 
similar oils, which are mixed with tar or pitch and 
submitted to the action of dilute nitric acid, until 
the whole coagulates into a tough elastic mass. 
Further treatments with solutions of nitrates are 
recommended, and after vulcanising, “ Fenton 
rubber” is said to resist a temperature of 320® F. 
without its elasticity being impaired. 
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Parketine, Rubberite, and Texti- 
fold. Parkesine is a proofing and moulding 
com pound. It is prepared by treating cotton ruga 
with sulphuric acid, the acid being subsequently 
neutralised* with carbonate of soda. After being 
washed and dried the product is reduced to powder, 
and then may be used for compounding with 
fresh rubber, or as a proofing compound mixed 
with 10 to 20 per cent, of linseed oil. Rubber Hr, 
invented by H. C. B. Graves, consists largely of 
Trinidad asphalt and oxidised oil, with small 
proportions of vaseline, sulphur, and chloride of 
sulphur. In colour, elasticity, and durability, it 
is said to resemble the higher grades of rubber. 
Textiloid, another proofing substitute, is a 
mixture of resinoline, cellulose, and camphor ; 
it is odourless, practically non-inllammablo and 
very elastic. 

There are a largo number of compounds consti- 
tuted in a similar way to the above with slight 
alterations and the introduction of certain specific 
.substances which are intended to produce products 
having the essential characteristics of rubber. 

Special Uses for India-rubber. Besides 
the large number of purposes to which india-rubber 
is put, and which readily occur to the mind, there 
are one or two others less well known in which 
it ’is none the less valuable. As a floor covering 
it has boen used for many years with excellent 
results, and its wearing properties are remarkable. 
Rubber tiling has been known, when laid in juxta- 
position with flagstones, to require cutting down 
to the level of the latter after several years’ wear. 
Rubber tiling for offices is laid in a variety of 
patterns, and oh it always presents a very good 
surface it is easily cleaned. Figure 14 shows the 
method in which the tiling is laid. 

A compounded floor covering, known as kamp- 
’ tulicon, is made from vegetable fibrous materials, 
which are ground into a coarse powder, then mixed 
with india-rubber, and treated with a cheap solvent; 
other substances may also be incorporated, such as 
reclaimed rubber, ground cork, and cheap grades 
of gutta percha. 

Cements of great variety are made from rubber, 
being largely used in the leather industry, and 
also for cycle tyres. The rubber is dissolved in sol- 
vents, tfie nature of which is determined by the 
purpose for which the cement is required, all manu- 
facturers having their own special formulae. 

Hard Rubber* The invention of hard rubber, 
vulcanite, or ebonite is due to Goodyear, although 
many investigators have studied the product, 
with the result that improved methods of manufac- 
ture, producing more satisfactory results, have since 
been introduced. Its manufacture is, on the whole, 
based on the same lines as for the production of soft 
rubber goods, the essential difference lying in the 
increased amount of sulphur used. The raw rubber 
is washed, dried, masticated, and compounded 
with suitable ingredients. The sulphur added some- 
times amounts to 00 per cent. ; more than 50 j>cr 
cent., however, is inclined to mako the product 
brittle. The quantity of sulphur present also 
regulates the degree of hardness, which increases 
proportionally according to the amount of sulphur 
added. 

Sulphide is sometimes substituted for the 
sulphur, and other compounding materials are 
also frequently incorporated on tho mixing rollers 
to impart certain characteristics in colour, texture, 
or flexibility. Those chiefly employed are whiting, 
zinc white, magnesia, resins, and sulphides of 
mercury and antimony. Great care must be taken 
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that the materials be thoroughly dry, because 
if any moisture be enolosed during the mixing, 
steam would be evolved in tho subsequent vul- 
canising operations, and this would render the 
goods porous, a very objectionable trait. 

Vulcanising Hard Rubber* The pre- 
pared material is drawn out into sheets in a similar 
manner to ordinary rubber, and from these articles 
are accordingly fashioned. Metal or textile inser- 
tions are rarely used, as there is very little call for 
them. The goods are usually vulcanised in moulds ; 
tubes in the same way as soft rubber tubing — namely, 
on their metal core, and bound up with cloth. 
The boilers and presses employed for vulcanising 
hard rubber goods aro the same ns for soft rubber, 
but a considerably higher temperature is required. 
The process is usually started at about 250° F., and 
ia gradually raised to 300°, 320°, or even 330 F. 
Tho time, of course, depends largely upon the 
dimensions of the articles, and the composition of 
the rubber, and varies jrom six or seven horns 
to as long as ten or twelve hours. 

Characteristics and Uses of Hard 
Rubber. The physical properties of hard rubber 
are quite at variance with those of soft vulcanised 
rubber. It is of a black colour, without smell, 
and may be compared to horn, hard wood, or even 
ivory in texture. Ordinary atmospheric influences 
do not a fleet it; it does not oxidise nor change 
in cold water, but in boiling water it softens some- 
what, so that it can lx? bent. It is a non-conductor 
of electricity, and is not dissolved nor influenced 
by the ordinary solvents of rubber; acids also 
have little action on it. On being heated to about 
400° F., ebonite carbonises without passing through 
any intermediate melting stage. 

As this material can be easily worked with all 
kinds of cutting tools and also takes a fine polish, 
it is much appreciated for tho manufacture of fancy 
goods, ns well as being largely employed for technical 
purposes. It is used for the production of u great 
number of small articles, ornaments, and imitation 
jet, and when given a specially fine polish it serves 
to imitate onyx. To assist polishing operations, 
which are usually done on a lathe or by polishing 
discs, tho moulds in which tho compounded rubber 
is vulcanised arc made of glass, or if of iron they are 
lined with tinfoil. One of the most important uses 
for which hard rubber is indispensable is the manu- 
facture of certain parts of electrical machines, 
insulating appliances, and accumulator cases. 
For photographers* developing dishes, tubes, taps, 
and other adjuncts for chemical laboratories, hard- 
rubber is specially serviceable. 

Semi-hard Rubber. An intermediate pro- 
duct, called w mi-hard rubber , is manufactured for 
certain purposes where greater elasticity or flexibility 
than hard rubber possesses is required. More 
sulphur, however, is employed than for soft rubber 
goods, and vulcanisation is carried out at a higher 
temperature, and for a longer period, but care must 
be taken not to go too far in these three particulars, 
otherwise hard rublier would be produced ; in fact, 
they must be moderated according to the exact 
degree of bard or soft rubber wdiieh it is desired to 
produce. This kind of rubber is used for lining 
acid vats, for making largo cylinder covers, and 
for many other purposes of a technical nature. 

Anotner branch of the hard-rubber industry is the 
preparation of unvuleanised caoutchouc for dentists* 
purposes. The rubber is specially compounded to 
proauce vulcanite of the desired shade and tex- 
ture ; it is then sold to the dentist, by whom it is 
cured and finished. 
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For the decoration of articles made of hard rubber, 
pigments mixed with shellac are applied by brush. 
A hot plate is then forcibly pressed against the sur- 
face, so that the colour becomes inseparably fixed. 

Substitutes for Hard Rubber. Many 
substitutes for hard-rubber, made from cellulose, 
gums, and various other substances of animal, 
vegetable, and mineral origin, have been devised, 
but none approach the original article. To mention 
two: U) Kiel compound m 9 which are compositions 
of india-rubber, sulphur, piuniccstone, oil and 
beeswax. When vulcanised, this compound with- 
stands immense cold ; it resists acid, is an excellent 
insulating material, and is also cheap; it can, more- 
over, be worked with greater ease than hard rubber. 
(2) Vulcanised fibre , which is manufactured from 
cotton paper pulp that is dissolved chemically, and 
solidified under great pressure. It is made in two 
forms — hard and flexible ; the hard fibre is very 
tough, and strong like horn. In dry places it 
can be used as an insulator, and is not affected by 
oils or fats. 

Exports and Imports of Rubber 
Goods. Tho total exports of manufactured 
rubber goods of both British and foreign make 
from tho United Kingdom in 1905 amounted to 
the value of £1,865,642. Of this sum 
£249,212 represent tho value of boots and 
shoes, and £227,893 waterproofs, the 
balance being other sorts of manufactured 
rubber articles. 

Tho imports for the same year reached 
the figure of £846,400, comprising £157,557 
for boots and shoes, received 
Germany and the United 
States, and £5,681 for water- 
proofs, leaving £683,162 for 
other kinds of goods. 

The Chemistry of 
India - rubber. The 
colloidal nature of india- 
rubber occasions great diffi- 
culties in its chemical in- 
vestigation, since, unlike 
bodies of a crystalloid char- 
acter, compounds belonging 
to this class have no definite 
characteristics as melting points, boiling points, and 
definite solubilities, but pass gradually from one 
state to another. Accordingly, thoir separal ion from 
mixtures and their purification is attended 
with great difficulties. Being derived from a 
variety of trees, shrubs, and vines, it is not sur- 
prising that the chemical composition of com- 
mercial rubbers varies to a considerable extent. 
Impurities, such as sand, vegetable matter, fibre, etc., 
are removed by washing, but tho water also carries 
away certain sugars from the rubber, although 
those are present only in small quantities, rarely 
exceeding 0*5 per cent. After the washing process 
the rubber is by no means a chemically pure product; 
it is, however, regarded as technically pure. It 
contains certain oily and resinous substances 
which can be extracted by solvents such as alcohol 
or acetone. The quantity of these resinous sub- 
stances ranges from 1 per cent, to about 40 per cent. 
Their nature also varies with different brands, from 
ail oily extract through different degrees of viscosity 
to resins resembling colophony ; sometimes they are 
even of a white, powdery nature. Small quantities 
of albuminous matters also occur in crude rubber, 
especially when the latex has been coagulated by 
heat, by chemicals, or by drying. If the latex 
were to be coagulated by centrifugal means, these 


substances would be almost completely eliminated. 
Exact information regarding the amount of these 
albuminous substances in rubber is wanting, but 
from investigations on the latex it is assumed 
that they would amount to about 5 pet cent, in 
dry rubber. Their removal on A commercial 
scale is practically impossible. The elementary 
composition of india-rubber, deducted from the 
investigations of many chemists prior to 1888, 
isC 10 U lfl . 

Impurities of Crude Rubber. Of recent 
yearR further researches have revealed the presenco 
of an insoluble constituent in rubber, and this 
subject has been carefully investigated by 0. O. 
Weber. He found that this insoluble body possessed 
different physical properties to india-rubber, as it 
was not sticky, nor adhesive, though very tough 
when dry ; it was further only moderately dis- 
tensible. This body having been found to contain 
a considerable amount of oxygen, it is inferred 
from its chemical composition by this investigator 
that it forms a link between the india-rubber 
hydrocarbon and the* complex carbohydrates 
(sugars) which are assumed to be the raw material 
from which the plant produces caoutchouc. That 
it is not a simple oxidation product of india-rubber 
is inferred from the elemen- 
tary analysis of oxidised 
rubber, or Spillcr’s resin, 
to which it does not ontirely 
conform. All rubbers ap- 
pear to contain this body, 
but as the quantities are 
generally very small its 
presence is of much more 
interest scientifically than 
commercially, although it is 
suggested that certain 
irregularities observed in 
the vulcanisation process 
may be duo to tho presenco 
of this insoluble constituent. 

Thcro is one other im- 
purity always present in 
rubber, and that is a small 
percentage of mineral 
matter, generally described 
as ash. The amount is very equable for all com- 
mercial brands of india-rubber and is generally 
below 1 per cent., though some kinds contain as 
much as 2J per cent. It is hardly possible as yet to 
assign the origin of a rubber from the constitution 
of its ash, but it is stated that lime predominates 
in Para rubber, ferrous salts in African rubbers, 
and magnesia appears to bo a characteristic of 
Ceara rubber. 

Synthetical Rubber. It has long been 
known that caoutchouc could be produced syn- 
thetically, because Professor Tilden stated, before 
the British Association in 1882, that it had been 
prepared from isoprene. The hydrocarbon isopreno, 
besides being one of the results of the dry distilla- 
tion of caoutchouc, can also be separated from 
turpentine, colza oil, linseed oil, and castor oil. 
By allowing one part of isopreno to stand in contact 
with 15 parts ot hydrochloric acid, then diluting 
with water and evaporating, a solid residue, which 
has analogous properties with india-rubber is 
obtained. Tho isoprene may also be exposed to 
light for a few r months, when the formerly colourless 
liquid is converted into a thick syrup containing 
yellow flakes or lumps of rubberlike substance, 
which have been pronounced by scientists to be syn- 
thetically produced india-rubber. As considerable 
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time is required, end the price of the raw materials 
would have to be low, the cost of synthetical 
tubber is naturally high, being from 200 to 300 
times as great as natural rubber. Further, it 
is quite possible that the cost of producing the 
latter may be reduced in the future, so that thcro 
is no present prospect of the synthetical article 
having more than a scientific importance, at. any 
rate for some time ; and since the first announce- 
ment that it could be produced synthetically 
little advanco has been made in the direction of 
tho reduction of its cost. 

Destructive Distillation of India- 
rubber* When pure india-rubber is subjected 
to destructive distillation three definite compounds 
can bo isolated from the distillate — namely, 
isoprene, boiling from 98° to 100° F. ; caoutchene, 
boiling at 338° F., and hevcone, with a boiling 
point of 000® F. All thoso bodies have tho same 
percentage composition as india-rubber (poly- 
prone), but investigations indicate that they do 
not exist as such in india-rubber; but upon dis- 
tillation a change is effected in tho structure of the 
hydrocarbon with the formation of the three above- 
mentioned bodies, and, as previously stated, india- 
rubber may be formed by the polymerisation of 
isoprene under suitable conditions, although 
certain terpeno compounds arc produced from it 
at the same time to a considerable extent. 

Dipen tone, or caoutchene, is the chief product of 
the dry distillation of india-rubber ; it may also 
be obtained in a variety of ways from certain 
terpenes or their derivatives. After heveene, tho 
distillate consists of hydrocarbons boiling at a tem- 
perature over (UK) 0 F. Their percentage composi- 
tion, however, still corresponds to that of india- 
rubber, and the amount of carbon remaining behind 
is so extremely small as to suggest that it arises 
from albuminous and other impurities. Tho quanti- 
ties in which these products are produced vary 
according to the way in which distillation is carried 
out, but their respective yields are approximately 
as follows : isoprene, 5 per cent, to (i per cent. ; 
dipen tone, 40 per cent, to 40 per cent. ; heveene, 12 
]>er cent, to 17 per cent. ; poly ter jienos, 20 per cent, 
to 38 cent. ; carbon residue, 2 per cent. ; mineral 
impurities and water, 2 per cent. Little is known 
regarding the actual changes which take place 
during distillation. Whether the india-rubber 
molecule splits up at a given point with the forma- 
tion of one or all of the above bodies, or tho 
process is gradual still requires investigation, and 
probably much could be learnt from a close exa- 
mination of the changes that take place during 
distillation. Different brands of rubber soften 
and liquefy at different temperatures, but they all 
yield the same scries of products on being subjected 
to dry distillation. 

Chemical Reactions* India-rubber is a 
colloidal substance, which in chemical indifference 
almost rivals the solid paraffins. Tho action of the 
halogens upon caoutchouc dissolved in chloroform 
is interesting. Chlorine acts very energetically, 
forming an addition and substitution product, tho 
constitution of which agrees with the formula 
C 10 H, 4 Cl 8 . With bromine the action is less violent, 
a very indifferent product, corresponding to tho 
lomiula C 1( ,H 10 Br 4 , being formod. Investigations 
upon this oompound have contributed considerably 
to the knowledge of the composition of india-rubber. 
On the addition d iodine to a solution of caout- 
chouc in chloroform, an addition product, C, 0 H X „I S , 
is formed, but only very slowly. Similarly with the 
halogen acids, hydrochloric acid has tho strongest 
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action, forming the dihydroohloride from which the 
monohydroohloride is formed by hydrochlorio acid 
being split off. Hydrobromic acid has a like notion, 
but somewhat slower, while hydriodio acid has 
apparently no action. Sulphuric acid chars and 
oxidises india-rubber, but nothing is known regarding 
the constitution of the resultant products. Nitric 
acid has a very vigorous action upon india-rubber, 
a yellow body being first formed, which subse- 
quently decomposes into nitrogen, oxalic acid and 
a product of tho character of fat. Nitrous aoid, in 
the absence of water, forms a compound corre- 
sponding to tho formula C 10 S lc Na0 3 , apparently 
poly prone nitrosite ; upon the action of this acid 
a method of determining tho value of crudo rubber is 
based. The influence of oxidising agents upon 
india-rubber has never been systematically studied. 
Spill or isolated a product containing 27*5 per cent, 
of oxygen, and the substance known as Spillor’s 
resin is a form of oxidised india-rubber. 

What Occurs during Vulcanisation. 
Tho action of sulphur upon india-rubber — that is 
to say, the process of vulcanisation, has been in- 
vestigated by a large number of chemists. Burg- 
hard t and Payen have regarded the reaction as one 
of substitution of sulphur for hydrogen. Donath 
has expressed the opinion that the vulcanisation 
y>rocess is one of molecular aggregation, somewhat 
comparable to metallic alloys, rather than tho 
result of chemical combination. The reaction 
taking place when india-rubber is treated with a 
solution of chloride of sulphur has been made tho 
subject of research by J. Minder, who presents the 
view that the solvent has a softening effect upon 
the rubber, which then absorbs the sulphur. Some 
maintain that substitution of sulphur for hydro- 
gen takes place, the hydrogen going off in the form 
of hydrochloric acid ; others that tho chlorine 
effects vulcanisation. Weber has given a large 
amount of attention to t-lie subject of vulcanisation, 
and states that before an exact knowledge of tho 
process is acquired, elucidation of the colloidal 
state of rubber from a chemical point of view is 
necessary. Colloids are capable of being converted 
into what is known as the pecl-ous condition. In this 
state they are much more indifferent chemically and 
physically. Tho change is brought about by various 
means according to the nature of tho colloid — thus, 
on heating albumen with water it coagulates, or 
poet isation takes place. This state, which colloidal 
matter can be made to assume, plays an important 
part in the vulcanisation of rubber. 

The Theory of Vulcanisation* It has 
been conclusively demonstrated by Weber, from an 
exhaustive series of experiments carried out on Para 
and other brands of rubber, that chemical combina- 
tion does take place between the sulphur and 
caoutchouc w r ith the formation of polyprene sulphide. 
As there is practically no evolution of sulphuretted 
hydrogen during the vulcanisation process, this 
must be regarded as an addition product and not 
one of substitution, in which sulphur takes the 
place of hydrogen. It w as found, however, that the 
insoluble constituent of rubber (which does not 
exceed 5 per cent, of the technical product) when 
heated with sulphur does give off a considerable 
amount of sulphuretted hydrogen, due to the 
formation of a substitution product. The combina- 
tion of sulphur with polyprene does not apparently 
take place in definite stages, the extent of combina- 
tion Doing determined by time, temperature, and 
the amount of sulphur present. Experiments with 
hard rubber, however, showed that a definite amount 
of sulphur — namely, about 32 per oent., enters into 



combination, even when a considerable excess over 
this figure has been incorporated. Then, on con- 
tinuing the vulcanising process, more sulphur wns 
iiinade to combine, but with evolution of sulphu- 
retted hydrogen, showing that ono of substitution 
k vas taking place. From this it is concluded that 
52 per cent, of sulphur is the upper limit for the 
orination of addition products, and corresponds 
kvith polyprene disulphide with a formula of 
l 10 H 1# S t . No exact data being obtainable regard - 
jig tho lower limit for the formation of sulphur 
addition products, the amount of sulphur necessary 
for producing a well-cured rubber may be taken as 
x guide ; this is from 2 per cent, to 2.J per cent., 
ind it is extraordinary to find that this agrees fairly 
well with the formula C 100 H lfl0 S. f which would 
contain 2*35 per cent, of sulphur,. From this, 
Weber concludes that* “ the process of vulcanisation 
consists in the formation of a contjyruoiis series of 
addition products of polyprene and sulphur, with 
probably a polyprene sulphide, C 100 H 1(lo S, as the 
lower, and C 100 II lco S 20 as the upper limit of the 
series. Physically, this series is characterised by the 
decrease of distensibility and the increase of rigidity 
from the lower to the upper limit, which term of the 
above series — which degree of vulcanisation is 
produced — is in every case only a, function of 
temperature, time, and proportion of sulphur 
present.” 

Physical Characteristics of Rubber. 

When rubber is worked for a considerable time on 
the rollers, it becomes fatigued , although it will 
return to its original state to a great extent on 
keeping. In the fatigued condition it requires 
more sulphur for vulcanisation ; the resultant 
product does not differ chemically, but its physical 
asj>ect is changed. Accordingly, fo again quote 
Weber, “tho physical state of the india-rubber 
colloid while i aider vulcanisation largely determines 
the physical constants of the vulcanisation product. ” 
This has an important bearing upon the reclaiming 
of. rubber. 

Researches upon vulcanisation with chloride of 
sulphur have proved that addition products are 
formed analogous to those obtained by vulcanisation 
with sulphur. The upper limit of the ohlorosul- 
phides, us they are termed, is a compound corre- 
sponding to tho formula C 240 H r>48 S 48 Cl 4R , and the 
lower limit C 240 H a 4R S 2 C1 2 . The chemical proper- 
ties of these chlorosulphidcs are not affected by the 
strength of the solution nor by the nature of the 
solvent in which they are formed, but both these 
factors have a considerable effect upon their physical 
characteristics, and this affords a clue to many per- 
plexing facts observed in the cold vulcanisation 
process. 

Cause of u Blooming.*' Tn course of time, 
vulcanised rubber becomes covered with a line, 
greyish deposit, sulphur eventually crystallising 
on the surface. This is technically known as blooming 
or sulphuring up, and microscopical examination 
ihas shown that the excess of sulnhur is distributed 
throughout the vulcanisq^ rubber in extremely 
minute globules. In time, crystallisation of the 
f sulphur at the surface takes place, and spreads from 
iglobule to globule. The only way of prevention 
[Would be to induce crystallisation of tho excess of 
Sulphur in the centre "of the rubber. It is curious 
that sulphuring up is unknown in ebonite, although 
it frequently contains 15 per cent, of free sulphur ; 
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it is assumed, therefore, that a state of solid solution 
exists between the polyprono sulphide and the 
sulphur in this material. 

Further particulars regarding the chemical 
characteristics of india-rubber, the explanation of 
its indifference to the sulphur in the cold, and tho 
extraordinary vigour with which it is attacked by 
chloride of sulphur, the action of chlorine in pro- 
moting the “ cold cure,” etc., are detailed in Weber’s 
“ Chemistry of India-rubber.” 

Valuation of Rubber. The quality of 
crude rubber is more frequently judged from its 
appearance, consistency, and the application of a 
few ready physical tests, for which considerable 
experience is required, than by chemical analysis. 
The chief determinations made in a chemical 
examination are loss on washing, the amount of 
oily and resinous substances, and the percentage of 
oxygen combined with the rubber ami ash. Tho 
testing of manufactured rubber is more extensive, 
and a complete chemical analysis is a very tedious 
and complicated process. This, however, is seldom 
required, and often it is sufficient to subject the 
goods to physical tests only, of which the most 
important arc the specific gravity, tensile strength, 
elongation test, sun-cracking ami oxidation test, 
and electrical tests. These tests, of course, are 
applied according to the nature of tho manufactured 
goods. An ordinary chemical analysis is confined 
to the determination of india-rubber, organic 
constituents not rubber, sulphur (free and com- 
bined), chlorine and inorganic constituents other 
than chlorine and sulphur. 

Gutta Percha and Batata. CJutta 

perch a is obtained from certain trees appertaining 
to the botanical family Sapotacea;, which are found 
growing wild in the Malay Archipelago. Tho 
original gutta jjercha tree, Dichopsis gutta, or 
Palaquium, or Isonandra gutta, is almost extinct, 
its place having been taken by the Palaquium or 
Dichopsis oblongifolium, which yields excellent 
gutta. Three other varieties, namely, Palaquium 
Borneense, P. Troubii, and P. Vricseanum, also 
supply gutta of very good quality. Less tine gutta. 
percha is obtained from the Dichopsis Calophylla. 
D. Selendit, D. Krantziana, the two latter yielding 
a hard product unsuitable for cable insulation. 
Mention must also ho made of two other gutta- 
producing trees — i.e., Puyena Lerii and Russia 
Parkii. Native methods of collecting the latex 
are ruinously extravagant, the trees usually being 
felled ; it has now been found, however, that gutta 
percha can be* extracted from the leaves and twigs 
of the trees by means of a suitable solvent, such as 
toluol. The manufacturing process for gutta percha 
consists of kneading and washing operations. Its 
most important application is for insulating sub- 
marine and othci cables, as its resistance to tho 
electric current is unequalled by any material of a 
similar nature. Certain plants Mimusops balata, 
M. glohosa, and M. electa, also belonging to the 
Sapotarece order and found in the north of South 
America, yield a hornlike substance, resembling, 
yet distinct from, gutta percha. This material, 
balata , is largely used tor the manufacture of driving 
belts, for which it is excellently adapted, being very 
tough and inelastic, although liable to become 
sticky if heated. The process of manufacturing 
balata belts is essentially the same as described 
under Rubber Belting, with the exception that no 
vulcanisation is needed. 


Rubber and Gutta Percha concluded ; followed by Basket-making 
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By Dr. J. TRAVIS JENKINS 


IN many methods of fishing, notably in shrimping, 
* large numbers of undersized fish are caught, mid 
in many instances these immature fish are un- 
marketable. Every haul with the shrimp-trawl 
in our inshore waters brings up, in addition to the 
shrimps, a number of small plaice, dabs, soles, 
herring, codling and whiting ; the number of 
species varying according to locality and season. 

Protection of Immature Fish. These 
fish are unmarketable, but if allowed to re- 
main in the sea a proportion would presumably 
become of marketable sizo and be captured by 
the fisherman. If the shrimp trawls are hauled 
at short intervals and the net rapidly cleaned and 
the young fish promptly returned overboard, it is 
certain that a very large percentage of the flat 
fish would be uninjured, and they may be seen 
swimming away as soon as they are replaced in 
the water. With regard to the round fish it 
may be said that they are far more susceptible 
to injury, and extremely prompt measures are 
requisite to secure that any reasonable proportion 
be returned to the sea alive. There can, therefore, 
be no reasonable doubt that many millions of 
undersized fish are captured by shrimpers in their 
trawl-nets, push-nets and shanks ; and formerly a 
very large proportion of these were destroyed. The 
process of separating the shrimps from the fish 
and other debris caught in a trawl is accomplished 
by riddling, and where such riddling is promptly 
done and the debris and fish returned overboard 
immediately, little harm is done. Of course, the 
shrimper naturally selects ground where shrimps 
are most abundant, and the young fish are caught 
accidentally; and in this respect the shrimper 
differs from the whitebait fisherman, who intends 
to capture undersized fish, for which he readily 
finds a market. 

How to Stop the Needless Destruction 
of Fish. Where there is a market for undersized 
or immature fish, though it might be advisable to 
have the fishery carried on within reasonable limits, 
since obviously a certain proportion of adults must 
survive to propagate their kind, it would lie as 
absurd to prevent it altogether as it would be to 
stop the sale of voal or lamb. 

nut in eases where the fish are caught accidentally 
or sold for manure or needlessly destroyed, prompt 
measures are necessary for the maintenance of the 
fishery; and where destruction is of a gratuitous 
nature there can obviously !>e no sympathy with 
the person responsible for the damage, though at 
the same time where he is carrying on a bona fide 
l&isiness it becomes necessary to interfere with him 
ns little as possible. 

The most practicable method of dealing with a 
problem of this kind is to interfere as little as 
possible with the implements of fishing, but to see 
flint they are not needlessly destructive, and in 
any ease to see that thoy are used in a proper 
manner. The prevention of landing of fish under 
n certain size would effectually stop the fishing for 
undersized fish as distinguished from shrimping, 
where the undersized fish are accidentally present. 
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Various enactments have been proposed for dealing 
with this evil, which is admittedly serious. Bill 
after Bill has been introduced into successive 
Parliaments, but not being party measure's they 
have had no chance of being passed. But in the 
territorial waters local regulations, confirmed by 
the central authority (the Board of Agriculture 
and Fisheries), have dealt with, and, to some extent, 
undoubtedly checked, this wholesale and wasteful 
destruction. The fixing of a size limit below 
which fish could not be landed would effectually 
stop the fishing for undersized fish which goes on 
at present. The protection of the immature fish 
in the territorial waters may well be left to the 
local authorities. 

Artificial Hatching and Rearing of 
Marine FoodLfishes. A certain section of 
scientific exports, being firmly convinced that a 
depletion of the seas was in operation, suggested 
that man might, by artificial hatching and rearing 
of the fry of economic fish, restore the balance of 
Nature. 'Hie initiative with regard to the erection 
and equipment of marine hatcheries is due to the 
United States authorities, who regarded this plan 
as more suitable than attempting to prevent the 
destruction of immature fish by restrictive legisla- 
tion — an alternative method which had been sug- 
gested as a remedy for over-fishing and its evil 
consequences. The whole modus opvrnndi of the 
marine pisciculturist is, we believe, based on 
fallacious reasoning. But this is not the place to 
enter into destructive criticism of his efforts: we 
are merely content to describe what is claimed to 
have been done. 

1,500 Million Fish Hatched. The 

United .States Fish Commission during the year 
1902 claim to have hatched and liberated nearly 
1 ,500,000,000 fish fry, the principal salt-water fish 
dealt with being cod, flounders and lobsters. The 
Canadian hatcheries deal mainly with cod and 
lobsters. The European countries which have 
adopted artificial hatching are Norway, Scotland 
and England. The methods in vogue for obtaining 
fish eggs vary in the different establishments, but 
in England the mature fish are obtained by trawling 
from a spocial steamer some months before the 
spawning season begins. These fish are kopfc 
in tanks or open-air ponds attached to the hatch- 
eries, and are claimed to constitute a reserve of 
spawners. The eggs are artificially fertilised and 
then placed in the hatching- boxes, there to undergo 
their incubation. 

The hatching-boxes arc kept in constant motion 
by an automatic arrangement, and a current of 
sea water iH maintained through the boxes. This 
serves the double purpose of oxygenating the eggs 
and preventing their settling. Up to the present 
no successful attempts have been made to rear 
the fish, the fry being set free a few days after 
hatching, or never later than after the absorption 
of the yolk-sac. These larvae are (or should be) 
liberated on the off-shore spawning grounds, their 
natural habitat. No satisfactory evidence has 
yet been adduced that sea-fish hatching is an 
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economical success. Originally it was doubtless 
worth an extended trial, but until rearing the fish 
as well as hatching them has been accomplished 
one must reserve one’s opinion as to the eflicacy 
of this method of replenishing the sea. 

Fish Diseases and Parasites. Fish, 
like other animals, are subject to “ the ills that 
flesh is heir to,” but the alarmist statements that 
have of recent years appeared in the public Press 
are quite without foundation, and it may once for 
all be said that no article of diet can be regarded 
as so absolutely* free from disease as sea fish. The 
complaints from which fish suffer may be grouped 
under two headings ; firstly, the attacks of parasites, 
either attached to the body externally (ectopara- 
sites), or dwelling in the inside of the fish’s body 
(endoparasttes ) ; and secondly, infectious diseases 
duo to the presence of vegetable organisms (bac- 
teria) or animal organisms (sporozoa). Of course, 
both bacteria and sporozoa are, strictly speaking, 
endoparasites. 

The important question as to how far, if at all, 
(he communicability of diseases from fish to man 
or vice versA is possible merits a brief notice. 
It is perfectly obvious that this question of the 
purity jof fish as a food supply has the most im- 
portant 'practical bearings, and the recent “ scare ” 
with regard to the connection of oysters and 
typhoid is a ease in point. That shellfish may, 
under certain extreme circumstances, he the means 
of communicating such a disease as enteric or 
typhoid fever to human beings seems to be 
well established, and not only oysters, but mussels 
and — though less certainly — cockles may occasion- 
ally be held responsible. This is, however, never 
due to the fact that the oyster is itself “ suffering ” 
from the complaint-, but rather that the typhoid 
bacillus is accidentally present either in the food 
of the oyster or in the sea water cnulosed in the 
shell. Modern research tends to prove that if 
reasonable care be taken in the selection of the 
site for bedding oysters, and if ordinary cleanliness 
be secured in the handling and preparing of the 
bivalve for the market, the risk of pollution is 
infinitesimal and certainly not greater than is the 
case in many other articles of consumption, notably 
milk. The danger is reduced to vanishing point 
if the shellfish be thoroughly cooked. 

Fish and Human Diseases. Within 
the last few years considerable attention lias 
been devoted to the study of the diseases of 
fish, and a review of the literature devoted to the 
subject is rather a source of satisfaction than 
dismay. The diseases such as smallpox, phthisis, 
and dropsy, which have been popularly attributed 
to fish, disappear or becomo something quite dif- 
ferent on closer inspection. 

Fish, however, are undoubtedly attacked by 
such parasites as thread-worms, tape-worms, and 
leeches. The worms are generally found in the 
intestines and are removed with them. Leeches 
are rare and drop off when the fish are caught. 
Certain Crustacea (parasitic copepoda) attack 
fish and are found attached to the gills, fins, 
eyes, and even in the nostrils. They, however, in 
most cases, only cause a temporary inconvenience. 
There remains, then, a few diseases attributable 
either to bacteria or sporozoa. An instance of the 
former is the well-known salmon disease, which was 
formerly thought to be due to a fungus (saprolegnia). 
An instance of the latter is shown in the figure 
of the flounder [14]. In all oases where a fish 
suffers from complaints of this kind the body is 
unsightly, being marked with blotches or swellings 


which would immediately cause it to be rejected 
for food. In conclusion, though isolated instances 
of fish (chiefly fresh-water species) suffering from 
disease arc, from time to time, recorded, in no 
case is the disease identical with any human com- 
plaint, and in every case spots or Hwollings are 
visible which would render tne fish unmarketable. 
Nothing is said about unwholesome fish where the 
deterioration is due to the fish having been kept 
too long ; naturally, fish, liko other perishable 
articles, require to be eaten in as fresh a condition 
as possible. 

Preparation of Fish for the Market. 

Fish, if not speedily placed on the market, 
deteriorates rapidly, and hence we find a largo 
number of methods of preservation. All these 
methods depend for their efficacy upon the 
necessity of eliminating the action of the bacteria 
responsible for the putrefactive changes which so 
rapidly take place. A second and most essential 
purpose to be borne in mind is the preparation of 
an article which shall at the same time be palatable 
and he capable of retailing at a reasonable price 
The methods of preserving fish fall under four 
tna in heads— namely, by ice, salt , smoke, or canning. 
It must ho understood that these methods are not 
absolutely distinct ; a fish may, in the course oi 
preparation for the market, go through two or 
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more of these methods in succession. A descrip- 
tion of the multitudinous modes of manipulating 
the raw material would fill the pages of a consider- 
able volume, and therefore the only accounts 
given here nre Ihoso which are practicable on a 
small scale. Canning, which requires special 
plant and is quite distinct from fishing proper, 
is not touched upon. 

The “Finnan Haddiea." There are, 
broadly speaking, three essential stages in the 
preparation of “finnans.” These are splitting, 
salting, and smoking. The operation of splitting, 
to be rapidly and efficiently performed, requires 
actual practice. The head is removed, the fish 
split down the back and eviscerated, it is then 
salted for about hnlf-an-hour in strong brine, 
then drained, and afterwards smoked. The smok- 
ing is now carried on in small houses built for 
the purpose, the fish being spread open and sus- 
pended in tiers. The fuel used is peat, and the 
operation is continued without interruption for 
from four to six hours, during which period the 
fish requires constant attention. The fish are 
generally put up in boxes of the average weight 
of 40 lb. The barrels are about four times as 
heavy. For export purposes “ finnans ” are 
canned , but as these fish must be cooked, or at 
least boiled, before canning, in addition to the 
processes above described, it seems a misnomer to 
call them “ finnans.” In addition to finnans there 
are other varieties of prepared haddocks, notably 
“ smokies,” where the fish are smoked over a hot 
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fir©, with abundance of smoke, until they have 
taken a golden colour ; and “ pale smoked had- 
docks,” where the fish are but slightly smoked (or 
immediate consumption. 

The Preservation of Herring. The four 
chief methods of preserving herring are best enume- 
rated under the headings by which the resulting 

J iroduct is known to the public — namely, pickled 
wiring, kippers, bloater a and reds. The bloater is 
intended for immediate consumption and may be 
described as a round or unsplit herring which has 
only been slightly salted and smoked. The fish, as 
soon as possible after capture, are dry salted for 
from six to twenty-four hours — the time being longer 
if the fish be fat —and afterwards smoked. The red 
is generally prepared for foreign consumption, and 
large quantities are exported to the Mediterranean. 
For^ this trade the herrings are salted in brine for 
about two days and then smoked for a fortnight. 
The wood and sawdust used is of the “ hard ” 
variety, and from this the peculiar flaxour of the 
red is derived. The reel may be defined as a round 
herring, heavily salted, and smoked for a long 
time. They are packed chiefly in barrels and 
half-barrels, the former containing from about 
500 to 000 fish. 

Kippers and Pickled Herrings. Kippers 
are first of all split and eviscerated, then salted 
in strong brine for from a quarter of an hour to 
an hour, then spread out and smoked over hard- 
wood shavings. The time of smoking varies, being 
longer at Yarmouth than at Aberdeen. Pickled 
herrings are more numerous than all the other 
varieties put together. These fish have their gills and 
intestines removed. They are then brine-salted and 
packed in barrels and half- barrels. In Scotland 
these herring may be tested by the Fishery Hoard. 
If the mereinmt desires a certificate of the quality 
of the fish in his barrels, an officer of the* Hoard 
opens and examines samples of these barrels, and if 
the contents come up to the required standard a 
brand is burned into the head of the barrel. A 
barrel generally contains 800 lb. of herrings, and 
each barrel is packed with great care, with alternate 
layers of fish ami salt 

Fish Markets. Broadly speaking, the mar- 
keting of fish is left to a special class of individuals— 
fish auctioneers and salesmen. Even fresh lish is 
rarely disposed of by the fisherman himself, and 
the bulk of preserved fish and fish products he 
never sees. 

Fish that is landed at- any of the larger fishing 
ports, such as Hull, Grimsby, Billingsgate or Aber- 
deen, is sold by auction on the quay. The fish is 
sorted into baskets or other receptacles, or may 
even be spread out on the quay floor .as at Aberdeen, 
and the sale is invariably held by auction at an 
early hour in the morning. 

Even fish that is landed by smaller boats at the 
quieter fishing ports is, to a very large extent, sent 
to lurgo centres to be disposed of by auction, some 
occasionally even returning over the same ground 
for local consumption. The marketing of fresh fish 
i| now such a special occupation that there is a 
considerable amount of truth in the complaint of 
visitors to seaside resorts, like Llandudno or Tenby, 
that they have to wait for the train from Grimsby 
before they can procure any fresh fish. Many 
markets for preserved fish are met with abroad, 
pickled herrings being an especial favourite with 
the Latin nations. 

Oyster Culture. On the Continent oyster 
eultnre forms a considerable industry, absorbing a 
large amount of capital and affording employment 
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to thousands of people : but in England, for 
various reasons, this industry has not been de- 
veloped to the same extent. The success of oyster 
culture depends to some extent, as for instance at 
Arcachon, on the natural physical advantages of 
the locality. At Arcachon there is a large inland 
sea of about 30,000 acres area, which communicates 
with the sea by means of a narrow entrance, 
through which the tide ebbs and flows. In this 
lake the oyster reproduces itself naturally. The 
young stago of tho oyster, known as the fry or 
spat, is of microscopic size, and swims about in 
the water for a time, and eventually settles down 
on suitable objects, there to develop into an adult 
oyster. [See Natural History, page 3280.] 

Spatting. The success of oyster culture 
depends upon the simple fact that the spat can 
easily bo collected upon suitable objects. The 
oyster reproduces itself in spring or early summer, 
and the free-swimming stage lasts for about a week. 
At the time settling-down process begins, receptacles 
or collectors are placed in position. The Romans 
used bundles of twigs : the Dutch use earthenware 
t ill's ; in France the collectors are crates of similar 
tiles coated with a cement of lime and sand, which 
offer a convenient adhesivo medium for tjjo spat. 
The tiles are arranged in rows inside large cases, and 
in Arcachon alone about 12,000,000 tiles are 
annually laid down for this purpose. Tho spat is 
left on the tiles until the following October, when 
the young oysters are about the size of a finger-nail, 
at which stage they are known as seed oysters . 

Rearing and Greening. They are now 
removed from the tiles and are taken in hand by 
the “ el© v eurs,” who rear and fatten them to a 
marketable size. This is done by arranging tho 
seed on Hut trays of galvanised wire netting, which 
are placed in shallow oyster “ pares ” in which 
the tide circulates. Great care is taken with the 
rearing process, the oysters being constantly looked 
after by men and women who inspect the trays at 
low water and remove impurities and enemies, 
such as starfish. Thinning out is soon necessary, 
the growing oyster being removed to other trays or 
transferred to the floor of the “ pare,” which is 
often suitably prepared for their reception. 

Tiie process of greening is undertaken at Mnrennes, 
where the oysters are kept in muddy salt-ponds, in 
which they gradually become green, owing to the 
presence of a particular diatom in their food. At 
the same time they acquire a peculiar delicato 
flavour. 

The Board of Trade Certificates for 
Fishermen. According to the provisions of tho 
Merchant Shipping Act of 1894, no trawler of 25 tons 
tonnage or upwards shall go to sea from any port of 
England or Ireland unless there is on board a duly 
certificated skipper and a duly certificated mate or 
second hand. 

Every fisherman with a spark of ambition will 
be interested to hear what kind of certificates are 
issued and what is the best way to set about 
obtaining one. The Board of Trade examines 
candidates for certificates of competency, and 
there are no less than ten different kinds of cer- 
tificates to be obtained by any fisherman who is 
prepared to sacrifice a little of his leisure time. 
Five different certificates are issued to mates 
(second hands) and five to skippers. 

A Mate’s ” Ticket.” To obtain Certificate 
A, which is issued to second hands who fulfil the 
necessary conditions and pass the required examina- 
tion, several preliminary qualifications are requisite. 
The candidate must not be less than nineteen years 
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•of age, and he must have served at least four years 
at sea, of which two years must have been on 
board a deep-sea fishing boat. If ho has served 
his time the candidate should apply to the nearest 
Mercantile Marino Office for a form of application, 
and he must- take care to fill this form up properly. 
When the form is returned to the Office the can- 
didate must attach to it his testimonials of general 
good character, and of sobriety, experience, ability, 
and good conduct on board ship. A fee of Is. is 
charged for the examination. The candidate will 
be examined as to his vision, and, in addition, the 
rule of the road at sea, the marks on the lead-lino 
and the use of the lead, taking bearings by compass, 
ability to use a chart, and generally as to the 
duties of a second hand. Questions regarding the 
rules of the road at sea are illustrated by means 
of models of vessels, and various coloured balls, 
representing lights, are used to represent vessels 
at night. Slates or second hands are also tested as 
to their abilities in reading, writing and arithmetic. 

A Skipper's “Ticket.” Candidates for 
certificates as skippers (Certificate B) must ‘have 
served live years at sea, of which one year must 
have been as certificated second hand on board 
boats of 25 tons tonnage and upwards, engaged in 
the method of fishing for which the certificate is 
desired. An applicant for a certificate aR skipper must 
be not less than twenty- one years of age. In addi- 
tion to the subjects enumerated for second hands, 
skippers are required to be acquainted with general 
duties required for skippers, such as getting under 
way, what to do when engines are broken down, 
or when the vessel has sprung a leak, or when the 
rudder lias gone, or on the use of a floating anchor. 
They are also required to make themselves ac- 
rpminted with their civil duties under the Merchant 
Shipping Act of 1894; for instance, as to the returns 
of the list of crew, or as to agreements or appren- 
tices’ indentures. For extra certificates the 
applicant must show a knowledge of the use of the 
quadrant and be able to take observations, to 
read on and off the arc, to find the index error by 
the horizon, and to determine the latitude by the 
meridian altitude of the sun [see Navigation]. 

Certificates for “ Skippers of 
Steamers.” Candidates for certificates ns second 
.hands and skippers of steam fishing vessels only 
have a somewhat similar examination to pass, but 
with the exception that they are not required to 
answer questions relating to such subjects as 
tacking and wearing, or rigging and masting of 
fishing vessels, or generally as to matters not 
required on steam vessels. Should the candidate 
not feci equal to any of the above tests, and be un- 
able to pass the full examination, the examiners 
may, if they think fit, report that he has passed 
a limited examination, provided he has passed the 
sight tests and they are satisfied that he is competent 
to take charge of a fishing boat and that he is 
acquainted with the rule of the road at sea. Various 
County Councils have now instituted classes in 
subjects for certificates for management of fishing 
boats, and as a good deal of the instruction is of 
a practical nature, and cannot be learnt from a 
book, the candidate is advised to make local 
inquiries as to such classes. 

Sea Fishery Law. The history of the 
legislation applied to the sea fisheries does not 
afford the student very pleasant reading. A11 the 
older legislative efforts of Parliament were based 
on a profoimd ignorance of the technique of the 
fisherman’s craft. We are, however, not so much 
concerned with what the legislation has been as 


to what it is now, and along what lines its future 
development may be expected. The words of 
Professor Huxley (Inaugural address, Fisheries 
Exhibition, 1883) have lost nonfc of their force at 
the present day, and as they embody the maxims 
or axioms which are fundamental they may well 
be reproduced here. 

“ Every legislative restriction means the creation 
of a new offence. In the ease of fishery, it means 
that a simple man of the people, earning a scanty 
livelihood by hard toil, shall be liable to fine and 
imprisonment for doing that which he and his 
father before him have, up to that time, been free 
to do. If the general interest clearly requires that 
this burden should be put upon the fishermen — well 
and good. But if it does not — if, indeed, there is 
any doubt about the matter — I think that the man 
who made the unnecessary law deserves a heavier 
punishment than the man who breaks it.” 

The Necessity for Knowing Fishery 
Law. At the present day when considerable 
capital is devoted to the building and equipment 
of large and powerful vessels which fish to some 
extent near the territorial waters of foreign coun- 
tries in addition to the waters of England, Scotland, 
and Ireland, the skipper of such a boat has to be 
acquainted with a not inconsiderable body of 
legislative enactments, which are here briefly 
summarised. 

In the first place the whole of Part IV. of the 
Merchant Shipping Act of 1894 deals with fishing 
boats, but as the skipper of every English trawler 
over 25 tons tonnage undergoes an examina- 
tion as to his knowledge of this section of the 
Act before he obtains his captain’s certificate 
it will be unnecessary to do more than point out 
the main features of the Act. All fishing boats' 
are (or should ho) conspicuously numbered and 
lettered, and when fishing at night should carry 
certain lights, the details being given in the Act. 
Other regulations relate to the fishing boat’s register, 
to discipline, to apprentices, and agreements with 
seamen. This Act, of course, applies to British 
fishing boats even outside British territorial 
waters. Other regulations for fishing may be 
divided into two groups : 

(1) Those which are enforced on the high seas, 
or beyond the territorial limits. 

(2) Those which are enforced only within British 
waters. 

Regulations in Territorial Waters. 

There are three Acts which define the terri- 
torial waters within which His Majesty’s subjects 
have the exclusive rights of fishing. The Con- 
vention Act of 1843 defines certain waters which 
are to be reserved for French and English fishermen 
in their respective countries, and here, in addition 
to three geographical miles from low- water mark 
(the distance allowed by international law), 
we find bays, the mouths of which do not exceed 
ten geographical miles in width, also reserved, 
and the limit is to be reckoned as being distant 
three miles to the seaward of a straight lino drawn 
from low-water mark off one headland to low- 
water mark off the other headland of such bay 
respectively. By a subsequent Act of 1868, which, 
like the act of 1843, was intended to carry out 
a convention between England and France, we find 
a similar definition, except that the straight line 
across the bays is to be drawn from ‘‘ headland 
to headland,” no mention lieing made of low-water 
mark. This convention was never carried out by 
France, the necessary legislation to make it opera-, 
five never having been passed. A later Act (of 1883) 
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defines exclusive rights of fishery as regards Fishing Grounds at Home and 

bays, and states that the distance of three miles Abroad* In England, trawling from steam 

shall be measured from a straight line drawn across vessels is practically prohibited within three miles 

the bay in the part nearest the entrance at the first from the snore; trawling from sailing vessels is only 

point where the width does not exceed ten miles. allowed with nets the meshes of which are a certain 

This Act carries out a convention between England, size, and there are in various localities regulations 

Germany, Belgium, Denmark, and Holland. No as to the tonnage of sailing trawlers. Certain 

definition of a “ bay ” is given, but presumably grounds are closed to all kinds of fishing but lining, 

any indentation of the coast line is a “ bay ’ Thero is at present no regulation as to the size at 

within the meaning of the Act. which sea fish may be landed or exposed for sale, 

It must not be Assumed that the exact delimitation hut such regulations are in force for shellfish, 

of the territorial waters is a point of merely theo- Shellfish are frequently protected by closed 
retical importance. Some of the laws restricting seasons, and berried lobsters and crabs may not be 

steam trawling in foreign territorial waters are removed from a fishery. Broadly speaking, the 

very stringent. For instance, trawl fishing within local fisheries committees absolutely prohibit 

the territorial waters of Iceland is punishable by wasteful and destructive methods of fishing. The 

a fine not exceeding 4,000 kroner (£220), together }>owers of district committees are very extensive 

with forfeiture of all the fishing gear, including the with regard to prevention of certain methods 

drag ropes. That heavy fines are not infrequently of fishing, or the regulation of fishing implements, 

inflicted English skippers know to their cost. Even but do not extend to imposing a size limit for sea 

to enter Icelandic waters with a trawl on board, fish. There can be little doubt that a measure pro- 

not stowed away, is punishable by a fine of 2,000 hibiting the landing of certain specified classes of 
kroner, and the ship, catch, and fishing gear may in sea fish under a certain size would be beneficial 

either of these cases be seized and sold to cover to the industry at large. 

the legal expenses. Steam trawler skippers who fish in the vicinity 

Regulations for Home Waters Apart of foreign waters have to be careful. As a rule, 
from the question of territorial waters, which are the fines inflicted are excessive, being far above the 

reserved to native fishermen, wc have to deal with modest £20 which is the maximum ‘‘penalty” in 

lestriotions applied in the British Islands, and at England and Wales; moreover, either to be in 

the outset a fundamental difference is to be noted. foreign waters with implements of fishing on board 

For England and Wales, although the Board of not stowed away or with the intention of fishing 

Agriculture and Fisheries is the central authority is in some cases punishable. That this regulation 

for sea fisheries, the bylaws regulating the in- may at times be pushed to, or even beyond, 

dustry are formulated and administered by local its logical limits is evidenced by a recent decision 

Sea Fisheries Committees, which were called into of the German Appeal Court, at Leipsic, which 

existence by the Sea Fisheries Regulation Act, 1888. decided in the ease of the smack Lady Godiva 

-Although these bylaws are formulated by the that the presence of a foreign fishing boat in 

committees they need the sanction of the central German waters with the intention of fishing was an 

authority before they become operative. In offence equivalent to that of actual fishing. 

Scotland and Ireland, on the other hand, the Fisheries in the British Empire, 

administration of bylaws is controlled by a central Fisheries in the British Empire ar© in various stages 

authority, and this distinction is accompanied by an of development. The Canadian fisheries both on 

extension of the area under control, for whereas in the Atlantic and Pacific coasts are extremely well 

England and Wales bylaws only apply to the organised and are exploited to a high degree, 

territorial waters, in both Scotland and Ireland The Canadian Government, unlike our own, is a 

the jurisdiction of the central authority extends disbeliever in the policy of laissez faire , and does 

beyond this. Naturally this extra-territorial everything in its power to encourage the fisherman, 

authority can only be enforced against British Not only are bounties paid to fishermen under 

subjects, at any rate, as long as their vessels fly the certain conditions, but when points of special* 

British flag, and already extensive evasions of the difficulty arise they are promptly dealt with. For 

bylaws are practised by British owners who have instance, of late years the Canadian fishermen, like 
placed their vessels under an alien flag. our own. have been troubled with a plague of dog- 

In Scotland trawling is absolutely forbidden fish. The Home Government do nothing. The 

in territorial waters (the Herring Fishery [Scotland] Canadian Government have erected several dog- 

Act, 1889) ; it is also forbidden in certain Scottish fish reduction works where the fish may be taken 

waters outside the three-mile limit, notably in by the fishermen and converted into commercial 

Moray Firth and Firth of Clyde, and fish caught by products of some economic value. Both in Australia 

trawlers flying a foreign flag in these waters must and at the Capo the fisheries need exploiting, and 

not be landed in Scotland, though they may be in probably the introducer of trawling on modern 

England. principles to either of these colonies will meet with 

In Ireland no extensive advantage has been a substantial reward. With regard to India, Major 

taken of Seotion 3 (1) of the Steam Trawling Maxwell, who represented the Indian Government 

(Ireland) Act of 1889, which allows the Inspectors at the International Fishery Congress at Vienna in 

ol Irish Fisheries to prohibit “ beam-trawling or 1905, said ; “ The fisheries of India are entirely 

other trawling within three miles of low- water undeveloped. Deep-sea fisheries as known in Europe 

mark of any part of the coast of Ireland, or within arc practically non-existent. The sea, however, 

the waters of any other defined areas specified in any contains incredible numbers of fish of all species, 

such bylaws, and subject to any conditions or The population of India is over 300,000,000, and 

regulations contained in such bylaws.” There are, the great proportion would consume fish if they 

however, certain extra-territorial waters closed could got it. The riches to be gained by the 

under bylaws made in pursuance of this seotion, exploitation of these fisheries would surpass the 

notably off the coast of Waterford. wildest dreams of avarice.” 

Fisheries concluded ; followed by Food Preservation 
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TUBE MANUFACTURE METALS 

Cast-iron Pipes. Pipe Founding. Butt and Lap Welded Tubes. 11 

Seamless Tubes and their Manufacture by Various Processes continue* from 

page M76 


INTO how many articles of domestic, industrial, Th© Moulding-box. The moulding- box [1] 
* and public utility does tubing enter ? Wo do not is made in two halves, and has a hinge joint, 

.intend to supply the answer, for we cannot, but the enabling it to be opened longitudinally. It is pro- 
question mav cause the reader to look around him, vided with perforations for the escape of gases as 

and he will fee surprised at the innumerable uses of the metal is being poured, and also as the' moulds 

tubing. The first use of metal tubing wns for the are drying. The size of the moulding-box is 

manufacture of gun-barrels. The need for cheaper sufficient to allow about 2 in. of sand between it 

tubing than gun-barrels provided came with insist- and the pattern. Its base is made separate from 

ence during the early years of last century. The the main shell, and before the moulding- box 

introduction of gas lighting called for very large body is placed upon the base a cast-iron pattern 

quantities of tubing, and at first the need was met % of the socket is clamped 

by old gun-barrels, of which there was a plethora A * into its place. Then the 

after Napoleon had been finally housed in the _ moulding - box or flask is 

island where he died. Then with the need for cheaper ft LMJ placed upon its base and 

tubing came invention, and the files of the Patent l\ ; ; \7\ clamped thereto, the cast- 

Office contain the records of very many attempts to j iron pattern for the pipe- 

solve the problem of tube manufacture, each vicing 1. ' f barrel is put into position 

with each in efforts after economy and quality in y ■ : inside it, the space between 

tube production. But we have to do with the jj.;. , ; the pattern and the flatjk is 

practical, not with the historical, side of the question, - > \ filled with sand and rammed 

and we may proceed to examine modern processes \ hard with long rods, and the 

of tube manufacture. ^ . • \ pattern is withdrawn. The 

The word tube, or tubing, and the word pipe have v • > surface of the mould is now 

the same meaning, and have been defined as “ any- ; blackened. A common prac- 

thing hollow or concave, and with some degree of <’• < tice is to pour black- wash — 

length.” The definition is comprehensive, and would i'\ ", that is, finely - powdered 

include at nut or a washer. But length is the eon- 7 -0 charcoal made with water 

spicuous feature of a tube, and anything so short i U into the consistency of 

as a nut or a washer would not come under the cream — into it, care 

definition of a tube, although technically both of ^ being taken that it 

these articles are short tubes. The word “ pipe ” rr“ *'■ -^Vi gets around all the 

is usually applied to tubes of cast iron, and also to -LL LL surface. The mould 

those of lead, but tubes of wrot iron or steel and of 1, mould for castinu PIPES t * lon dried, 
metals other than lead are usually designated by The moulding-boxes, 

the word u tube.” Tho difference is merely a after ramming, are placed over apertures, which 
matter of habit, and has become fixed. It is con- are exhaust flues. The heated air entering the pit 


venient, because to talk of an iron pipe is accepted 
as meaning something of cast iron, and an iron tube 
implies something of wrought iron. 

Cast-iron Pipes. The chief use of cast-iron 
pipes is for water and gas mains. The usual length 
in sizes under 3 in. internal diameter is (> ft... and for 
lafger diameter pipes the length is usually 0 ft. 
American practice favours 12 ft. lengths for 
large water pipes, and there is economy in the 
longer length as there is then occasion for fewer 
joints. 

Iron pipes are usually cast in a vertical position, 
and usually also with the socket end at the bottom. 
The practice is not universal, for small pipes are 
often east in the reverse position, but the desirability 
for strength in the socket part constitutes a reason 
for it. 

Cast-iron pipes are made by dry-sand moulding, 
which is the best and cheats t process where the 
metal is poured under any groat head of pressuro. 
This process of moulding does not demand so much 
skill as greensand or loam moulding, and conse- 
quently it produces cheaper work. Indeed, skilled 
labour is almost dispensed with in pipe founding. 
In the most improved practice the casting pits fill 
the purpose of core ovens as well. This utilises the 
heat left from the casting. When being used as 
ovens the pits are covered and flues admit the hot 
air. 


or oven- — for in this capacity it is being used — 
passes up round the exteriors of the moulding- boxes 
and descends through the mould to the exhaust. 
After the moulds are dry tlio moulding-boxes or 
flasks are set in position for the pouring. 

Preparing the Core. The core ought to 
be ready for insertion at this stage. Its pre- 
paration has been simple. Upon a long shaft, 
or arbor, is wound tightly a course of straw or 
hay rope of about J-in. diameter. This is done 
by placing the shaft or core bar upon trestles 
with grooves, in which the bar may rest, and by 
turning it with a handle fitted to its end. When 
one layer of rope has been put on, soft loam is 
applied and rubbed in between tho spirals of rope 
throughout the whole length ; then another course 
of rope is wound on, and more loam applied until the 
internal diameter of the pipe to be east is reached. 
A loam board or strickle-board — that is, a templet 
the form of the edge of the longitudinal section of the 
desired core — is used to give it shape. The coro may 
be partially dried during the process, otherwise 
the mass of loam and core rope would not be 
sufficiently cohesive to remain unbroken. It will 
also probably be bound with iron wire for the same 
reason. Then it has a last coating of sifted loam, 
sometimes mixed with sawdust, made thin with 
water, is ** stricked,” or mode true to templet, and is 
finally dried. In pipe founding tho core bar is 
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allowed to remain inside the core in the mould so 
as to give it strength, as a long core is necessarily 
weak. The core must have ft diameter slightly 
larger than the internal diameter of the pipe 
desired, as the iron shrinks in cooling, the approxi- 
mate shrinkage and the usual practical allowance 
being J in. to every foot of diameter. 

The cores made os described, are treated to black- 
wash, as was the mould, and are then inserted 
within the mould. 

The socket core is wrapped with hay rope and 
plastered with loam in the same way as the centre 
core, being also stricked l>y a templet and dried 
in the manner already described. 

Collapsible iron bars have been tried instead of 
rope cores, as the latter are an expensive item in pipe 
founding, but they have not come into general use. 

Casting a Pipe* The molten metal is usually 
poured from the top of the moulding-box, but 
sometimes large pipes have as much metal as 
will cover the socket - core poured from the 
bottom by a gate through tjic mould to the 
socket, the metal for the body of the pipe being 
poured from the top. in the usual way. By 
this method there is less danger of injuiing the 
socket-core by the heavy drop of metal upon it, but 
it gives the possibility of a “ cold shut ” between 
the metals of the two pourings. 

Whenever the iron has set, the core bar is with- 
drawn by means of the crane, so as to prevent any 
danger of the pipe cracking as it cools, and the straw 
that is loft at once begins to burn. When the pipe 
has dulled down to black, the shell of the moulding- 
box containing the pipe is hoisted up and placed 
over skids, where it is opened and the pipe rolled out 
upon the skids. 

Flanged pipes are made in practically the same 
way, but it is a common practice to have a separate 
moulding-box for the lower 1 lange and to elainp it 
on the cylindrical moulding- box used for the pipe 
body, the upper flange being made with a templet 
attached to a ring revolving on a pivot on the pot- 
tern. and a space being left for the cover. 

Pipe Sizes and Weights. Cast-iron pipes 
are made from g-in. thick to lj-in. thick, and the 
following table give? the range of thicknesses in 
which the various sizes are mado w!th the weight 
of each por lineal foot. 

Dr. Angus Smith’s solution is in very wide 
use for coating pipes that are to be laid under- 
ground. It gives the pipes a coating impenetrable 


to the liquid or other matters that usually pass 
through drain and water pipss, and it prevents 
corrosion. The original recipe took 60 gallons 
of coal tar, 60 lb. of freshly slaked lime, 12 lb. 
of tallow, 6 lb. of lampblack and 3 lb. of 
resin, all mixed together, boiled for half an 
hour, and applied hot. Present-day practice has 
departed from this, and there is not strict uni- 
formity. A good method, largely followed, is to 
put coal-tar in a dipping tank large enough to 
accommodate the pipe to be treated, then to add 
one-soventh part by volumo of pitch in powder 
form, and one-Heventh part of coal oil. The pipes 
are heated to just under boiling point, say 200° F., 
and are placed into the mixture, turned over for 
a few minutes, and then withdrawn and allowed to 
drain. 

Welded Tubes* Many improvements have 
been made in the processes of tube manufacture 
during the last fifty years. These have been 
chiefly in the making of seamless tubes. Welded 
tubes are made practically as they were mado 
three-quarters of a century ago. There may be 
slight difference in the details of the process, but 
the principle has not been changed. 

Welded tubes may be divided into two classes — 
butt-welded and lap-welded. In both cases a strip of 
flat metal is bent round into tubular form by special 
apparatus. Butt- welded tubes are those where the 
bonding of the strip causes the two edges to butt 
or touch each other, and in this position they are 
welded. Lap- welded tubes, on the other hand, are 
bent round so that the two edges overlap, and in this 
position they are united by welding. A lap- welded 
lube must have a mandrel or solid rod inside when 
it is being welded, but a butt-welded tube can bo 
welded without internal support during the process. 
Thus, very small tubes can bo mado butt- welded, but 
not lap- welded. Butt- welded tubes of iron are made 
as small as | in. internal diameter, and they 
could he made even smaller, but the minimum 
internal diameter of lap- welded tubes is considered 
to be about 1 in. The manufacturer of welded 
tubing purchases “ rolled strip ” from the iron- 
rolling mills. This rolled strip is simply iron hoop 
or plate in the form of strips of the width necessary 
for the tubes about to be made. Ho converts this 
strip into skelp,” or tubes, the edges of which 
touch or overlap, but are not welded together. 
This is done by passing the strips through rolls, 
which first curve it and then bend it round until 
the edges touch or overlap. 

Formerly, the tilt hammer process [2], 
patented eighty years ago by James Russell, 
of Wednesbury, was the common practice, 
and may still be followed to some extent. 
By this process the roughly-formed tube 
was heated to welding heat and passed 
along the grooved anvil of a tilt hammer, 
caused to strike rapid blows by the rotation 
of a wheel with projections as seen in the 
illustration. A mandrel was placed inside 
the tube being welded, if exactness in the 
internal diameter was desired, but if such 
exactness was immaterial, no mandrel was 
used. The invention of this process was 
an important stage in the development of 
tube manufacture, as it proved that a rough 
tube heated to welding temperature could 
be welded up merely by having its edges 
plaoed in contaot and pressure applied, and 
without the need for the employment of 
an internal mandrel such as had been 
previously used. 
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During the year after Russell began to exploit his 
patent, Whitehousc, of Wednesbury, introduced his 
draw • bench pro- 
cess, which is that 
still used, and 
which is best de- 
scribed in the 
jvords of the 
original specifica- 
tion (No. 5109, of 
1825). 

“I prepare a 
piece of flat iron, 
commonly called 



2. russell’s process for 

WELDING TUBES 
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plough-plate iron, of a suitable substance and width, 
according to the intended calibre of the tube. Thin 
piece of flat iron is prepared for welding by being 
bent up on the sides, or, as it is commonly termed, 
turned over, the edges meeting, or nearly so, and the 
piece assuming the form of a long, cylindrical 
tube. This tube is then put into a hollow fire, heated 
by a blast, and when the iron is upon tho point of 
fusion, it is to be drawn out of the furnace by means 
of a chain attached to a draw- bench [3|, and passed 
through a pair of dies of the size required, by which 
means the edges of the iron will become welded 
together.” 

Ho then describes the mechanism. The chain, 
which is driven forward by a spur wheel, carries 
a screw clamp in which the end of the metal 



strip is held. The iron tube, after having been 
heated almost to the point of fusion in the 
furnace, is led between the dies of the screw press 
and fixed in the screw clamp ’mentioned. Then the 
screw press is turned until the two halves of the die 
approach each other and make the desired opening 
through which the tube may pass; the gearing 
dragging forward, the ohain is put into motion and 
tho bent strip, entering the screw press dies, emerges 
from them in the form of a welded tube. It is with- 
drawn from the clamp and from tho screw press. A 
small length of tube at the end where the chain 
damp is attached is not welder!. This piece is 
welded by returning that end to the furnace and, 
when it has been made white hot, by drawing it 
through the dies from the other end. 

Sometimes the edges of the strips used for making 
butt-welded tubes are cut obliquely, making the 
weld thereby not a true butt, but a sort of lap. This 

K actioe makes a slightly better tube than the plain 
itt weld, but is still much inferior to tho lap- welded 
tube, whioh we shall now consider. 


MITAU 

Lap-welded Tubes. In its essentials the 
process of welding tubes with a lap weld is similar 
to that employed for butt-welded tubes except 
that a mandrel must be used to afford the necessary 
resistance during the operation of welding, as the 
pressure must be applied in a different direction to 
that when the weld is of the butt variety. Russell's 
original process (1845) which is that still usually 
practised, is described bv its author as follows : 

“ The tubular skelp drawn from the furnace at 
a welding heat is placed upon a mandrel or what 
the inventor terms a ‘ beak iron,’ which has a 
working surface of steel and is rigidly fixed at one 
end in a horizontal position, its free end projecting 
over a draw bench. The free end of this beak iron 
affords the necessary resistance and support when 
the lap joint of the tube, in order to weld it, is 
pressed upon by a roller while tho tube is drawn 
off the beak iron by the action of the draw chain 
to which the grippers that have hold of the tube 
are attached. This system of working answers for 
tubes of large size, which are welded thereby at 
two oj>eratio!is f one half at a time. Til making 
smaller tubes the mandrel or heak iron is required 
to he longer and of Hinall diameter, and, conse- 
quently, as there is not sufficient substance to 
support the tube and its own weight horizontally 
without deflection, it is supported by a roller 
beneath the tube while the welding roller above 
is operating on the seam, the draw chain dragging 
tho tube forward. The skelp in this case is drawn 
direct from the furnace on to the beak iron.” 

This process, that of rolling the skelp at wielding 
heat and with a mandrel in the centre by one or 
more rollers, has been the subject of many im- 
provements, but the only one that we shall notice 
separately is the Perrin process, which is, however, 
rather beyond the scope of an ordinary lap- welded 
tube. 

The Perrin Process. The Perrin process 
of manufacturing tubes uses piled hollow blooms 
placed as in 4 , and welded together by pressure. It 
is an important and a successful process, pro- 
ducing the apparently mechanical paradox of a 
seamless tube made by a welding process. The 
blooms are rolled into channel 
sections, and are placed as 
shown in the diagram. The 
edges must not butt where one 
channel section opposes a similar 
channel. This leaves room for 
compression, and a thorough 
weld between the external sur- 
faces of the inner pair and the 
internal surfaces of the larger pair. 4 . Perrin's PRO- 
When the piled blooms have been CESS OF TUBE 
raised to a welding temperature MANUFACTURE 
the pressure of the uppermost 
outer bar upon the inner bars and the pressure of 
the inner bars upon the lower outer bar cause the 
parts to become united or partially welded along 
their adjoining circumferential surfaces, and by 
such welding before removal from the furnace the 
bars are retained in their proper relative positions 
during the subsequent rolling operation, which 
completes the welding. The piled bloom is rolled 
down at one heat sufficiently thin to form some 
sizes of gas, water, steam, or other tube. 

Spirally Welded Tubing. Spirally welded 
tubing is made and used to somo extent. 
It is specially suitable for large tubes that have to 
stand nigh pressures. The spiral welds withstand 
bursting strains far above longitudinal welds. 
Another feature of merit is that this tube can be 
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made in very long lengths. Also spirally welded 
tubing that leaks «t low pressures tends to become 
tight as the pressure increases, and to remain so. 
This property may seem curious, but it may be put 
to the proof. If we make a twisted paper tube, 
close one end, and blow into the other end of it 
gently, the air we send in escapes at the edges of 
the spirals, but if we blow into it with more vigour, 
the tube becomes tight.. Thus, internal pressure 
on a spirally welded tube tends to force the over- 
lapping edges of the spirals into closer contact, and 
to make the welded surfaces tighter, whereas internal 
pressure in a longitudinally welded tube tends to 
open the weld and to force the edges apart. 

Making Spirally Welded Tubing. 

The process of manufacturing spirally welded 
tubing demands very accurate machinery. It is 
almost quite automatic, and does not entail highly 
skilled labour. The skill has been put into the 
machine. The “ stock,’’ or iron or steel plate, is 
rolled of the required width, and in as long strips 
as possible. The ends of those strips are welded 
together in a machine so as to* give any desired 
length of strip in one piece. The completed strip 
or ribbon passes to the tube-making machine, which 
has four functions — feeding, bending, heating, and 
hammering. The end of the ribbon of metal is 
fixed to a guide table, set to the angle of the spiral, 
and is fed in by geared rollers. A mandrel is not 
employed but the mould is of a form to keep the 
size and alignment accurate. Projecting into the 
pipe, a distance a little in excess of the width of 
the skelp or stock used, is an anvil, cooled by water 
circulation and protected by firebrick. The fur- 
nace which raises the edges to welding heat is a 
small cast-iron box, lined with refractory material 
containing two nozzles, which are really blow-pipes, 
extruding a Bunsen flame upon the* edges to be 
welded. One of these blow-pi pea heats the edge 
of the pipe already formed, and the other heats the 
part, of the skelp that is to be welded to it. The 
entering skelp meets the hot edge of the pipe just 
where the two flames from the blow- pipes meet ; 
a hammer, with rapid blows, welds the two edges as 
they pass across the face of the anvil, the crimper 
also acting upon the work to preserve the proper 
curvature, and the pipe is made. The machine, 
acting as we have described, makes a foot of 
welded surface per minute. 

Flanges of Spirally Welded Tubes. 
Spirally welded pipes are usually flanged, as this 
is the best way of joining them one to the other. 
The type of flange is what is known as the trumpet 
flange. The end of the pipe itself is turned over 
flat, thereby forming a narrow flange. The larger 
flange comes behind this, and has holes for 
bolts, so that two flanges are tightly pressed one 
against the other. But the strength of the union 
depends not at all uj>on the union of the large flango 
to the pipe, for the large flanges merely press the 
smaller flanges tightly together. Packing is, of 
course, used. 

» welded pipes have been made up to 
ft. long, but such lengths are con- 
venient only when they arc to be used close to the 
place of manufacture, because about 30 ft. is the 
longest that con be transported without the creation 
of exceptional facilities. 

Spiral tubes, with the spirals united to each other 
by riveting instead of by welding, as described 
Above, are also made to some extent, and their 
manufacture is cheaper than that of the spirally 
welded. Their chief economy is when they are of 
largo size. 
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Helical Steel Tubing. Another form of 

spiral tubing is the so-called helical Ming [5] 
(Hillman’s patent), used in the manufacture 
of Premier \ cycles. Long strips of sheet 

steel, usually of 
crucible cast- 
steel, coiled 
round a man 
drel, each" 
spiral . overlap- 

mk the pre- 

ceding one to 
half of its 
^ width. The 
^gSSSSBSSgSgSSSMk overlapping 

’ ,U J 11 ,BJJ 8Ur f aceR are 


5. HELICAL TUBING then brazed to- 

gether. 

Seamless Tubing. Seamless steel tubing has 
many advantages over welded tubing, no matter 
what process of welding may be adopted. There are 
very many processes by which seamless steel tubing 
is manufactured. These processes follow one of 
three practices. First, there is the process of piercing 
the billet with a mandrel or drill, thereby making a 
short cylinder, to be afterwards rolled or drawn (or 
rolled and drawn) into the desired tube. Then 
there is the process whereby the billet is made 
with a core; and, finally, there is the wonder- 
ful Mannesman!! process, whereby, under the 
action of rapidly revolving rollers of special con- 
struction, the solid billet is “ spun ” into tubular 
formation and attenuated to make the final tube. 
We shall look at these different processes in their 
order, selecting in the first two the main principles 
common to many adaptations of the process. 

The manufacture of solid drawn tubes consists 
of two main operations — namely, rolling and 
drawing, the former being done while the metal 
is hot and the latter when it is cold. The 
material comes into the works in the form of 
billets, usually round, with a diameter of about 
fi in. and a length depending upon the tube to be 
made, but usually from 18 in. to 24 in. *The billets 
are, of course, solid, and the first process consists 
in drilling them with one hole up the centre longi- 
tudinally. Usually a special horizontal machine 
operating upon both ends of the billet simultaneously 
does this work. It is often done with the billet in a 
bath of water, which constitutes a lubricant for the 
drill and speeds up the work. The drilled billot is 
put into a furnace, and when it has been extracted 
hot, a hard steel mandrel is forced through the central 
hole to enlarge it. This is performed with the help 
of a hydraulic press. 

Again the billet is heated, and the next process 
lengthens it, and it begins to assume a shape approxi- 
mating to its final form. It is rolled between grooved 
rolls, while a mandrel is kept in position in the 
centre of the circular hole formed by the two grooves 
in opposing rollers. As the billet is passed through 
the rolls, it is forced on to this mandrel. It goes 
through this operation several times, each time 
having a smaller pair of grooves through which to 
pass. The mandrel over which it passes is shaped 
something like a bullrush, a head of the required 
thickness and a stem of thinner metal behind. Each 
pass of the tube through the grooves we have 
described forces it over the mandrel and on to the 
stem, whence it has to be removed to be passed 
through again until it is sufficiently drawn. With 
tubes of small diameter the bar or stem of the man- 
drel cannot be made sufficiently strong to withstand 
the resistance offered by the tube as it ib being 


forced on ; so in this case the tube is first put on 
tho mandrel stem and then drawn over the head 
through the grooved rollers. By this means the 
strain upon the mandrel stem is changed from one 
of compression to one of tension. 

When the tube has been drawn hot in the manner 
described to a certain point, it is cut with a hot saw 
to length, and the finishing processes are performed 
cold. These finishing processes are : drawing through 
dies several times, and annealing and pickling 
between after pass. The mr chine used is the 
chain draw- bench [61, which we have already seen 
in use for making butt-welded tubes, but tho test 
through which the tube passes is not a screw press, 
but a hardened steel die. Otherwise the operation is 
the same as we have already seen. The tube, as 
drawn cold, contains a mandrel, so as to preserve 
the true diameter, and each die being smaller than 
the external diameter of the tube as it enters, 
elongates the tube. The annealing furnaces must be 
large, as they have to accommodate tubes up to 
25 ft. long. After annealing, the tubes arc pickled in 
dilute sulphuric acid, to rid them of scale. Special 
hammers also are usually employed to reduce the 
ends of the tubes for gripping in the screw clamps 
attached to the drawing chain. Finally, tho tubes 



6 . TUBE DRAW-BENCH 

are cut by cold circular saws, and are ready for the 
market. 

For very light gauges of tubing, such as used for 
cycles, the tubes are, after cold drawing, reduced 
further by a process of cold rolling. This operation 
is performed by means of two horizontal taper rolls 
placed side by side and tapering towards opposite 
directions. The tube, having inside it a mandrel 
fitting it exactly, is passed through these rolls, 
which stretch the metal, and can reduce a tube from 
\) B.W.G. to IB B.W.G. 

The Ehrhardt Process. In the process 

just described the billet is drilled when it is cold. 
It is also common practice to displace some of 
the metal from the centre of the bidet when it 
is hot. One of the various methods may be 
adopted to this end. We shall describe briclly one 
such process. It is the Ehrhardt process, and is used 
in tho manufacture of gun liners, shells and other 
war materials, as well as for making ordinary steel 
tubes. The processes as follows, in the words of the 
inventor’s specification : 

“To produce a hollow cylinder from wrought iron 
or steel, a piece of square iron or steel is taken, the 
cross-section of which, measured diagonally, corre- 
sponds to the diameter of the hollow cylinder to be 
pierced. The said piece of iron or steel (7u|, when 
in a red-hot or white, glowing state, is delivered iuto 
the matrix 6, the inner space of which also corre- 
sponds to the shape of the hollow cylinder to be 
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produced, and a pointed core-bar, c, is then driven 
into the metal by means of a hammer or press, 
while the lid, d, is used as a 
guide for the said core-bar. The 
diameter of the latter is chosen 
so that the material forced aside 
by it is sufficient to fill the 
four segment-shaped spaces be- 
tween the square sides of the 
block and the interior surface 
of tho matrix. The core-bar 
enters the motal without any 
difficulty, as the metal, while 
being forced away, can give 
way iit its sides, and a hollow 
cylinder with closed bottom 
is produced.” The lower part 
of 7 shows a section of the 
square billet in the cylinder 
previous to the introduction 
of the core, and 8 shows the 
core, /, driven home, with a 
section showing how the billet 
is expanded to circular shape. 

The billet may be pierced from 
both ends as illustrated in 9. 

This is the principle of the 
process, and we may make a 
brief examination of tho 
practice. 'The billets used 
arc generally of Swedish steel, 
and are received square, a shape 
which is an important essential. They are 10 ft. or 
11 ft. long, and in section are from 3J in. to 8 in. 
square. The billets are cut to lengths’ sufficient to 
allow sufficient rnetal for the pipe to bo made. The 
cutting is done with cold saws when the sections are 
over 5$ in., and with hot saws when smallor than 
that si/.e. The cut length at white heat is then put 
into a vertical hydraulic press 
provided with a circular die. Tho 
corners of the square billet just 
touch tho internal circumference 
of the die, so that there are four 
segments between (he die and the 
billet. A mandrel now descends 
and the billet is pierced, the 
metal displaced in makiug the 
hole causing the mass to expand 
and to fill the segments already 

mentioned. The mass of metal put 

W /////y> into the die and tho mandrel must 
yr be apportioned in size so that the 

metal displaced by the latter must 
exactly fill the cylindrical die at 
its circumference. The billet 

8. EHRUARPT m tl.i S maimer » again 

heated, and taken to the draw- 

PROCES. ’ 1 EJR bench, where it is drawn to the 
piercing required gauge. The same internal 
diameter is maintained from the piercing to the 
last drawing process, all the drawing processes 
reducing the external diameter by elongating the 
metal. When exactness of gauge and diameter is 


7. EHRHARDT PRO- 
CESS BEFORE 
PIERCING 



9. EHRHARDT PROCESS PIERCING FROM BOTH ENDS 

not of first importance, pipes may be finished hot. 
When these considerations are matters of moment 
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the final processes are cold drawing, as described 
in the previous process, the tubes being pickled 
after the hot drawing and annealed and pickled 
after the cold drawing. 

Tubes from Cored Billets* Several 
processes, by which the metal ingot from which a 
tube is made is produced with a longitudinal hole, 
thereby making it cylindrical in form, have been 



10. MANNESMANN PROCESS 

evolved and some are in operation. In one, the 
core is of oblong section and is, of course, made of 
some refractory material such as graphite. The 
billet, being cast with this core is flattened, making 
,wliat is in effect a flattened tube. It is then 
opened and goes through several modifications of 
sectional form, ultimately becoming round and 
being drawn over mandrels in the usual way. 
Every process using billets already cored in their 
first state proceeds much after the same manner. 

Mannesmann Tubes. The Mannesmnnn 
process of manufacturing tubes from steel ingots 
was described at its introduction in 1 8 ( .K) as “ an 
epoch-making invention.” The absolute novelty of 
the process and the marvellous results which it 
gave caused experts to be sanguine about the 
revolution it was to make in tube manufacture. 
To quote the words of one of the experts who hailed 
it with acclaim, it “ accomplishes the apparent 
mechanical paradox of expanding a solid block of 
metal into a hollow steel tube with a void within 
several times its own original mass, by pressure 
applied from the outside, and this it does with great 
certainty, ease, and quickness.” This is really what 
the process accomplishes. It must be stated, how- 
ever, that tho Mannesmann process has not killed 
every rival process, and to this extent it has dis- 
appointed the great expectations of its inventors and 
sponsors. It is one among many good processes, not 
the superlative process that has superseded all 
others. Its chief objection is that very great power 
is required for the machines necessary, ana this 
means a high expense. Of the quality of the product 
there is no question. It was found that a red-hot 
billet led between two rapidly revolving rollers [101 
of conical section or inclined longitudinally towards 
each other — re- 
volving in the 
same direction — 
that is, with their 
opposing surfaces 
revolving in oppo- 
site directions, as 
indicated by the 
arrows in the illus- 
tration — was made 
to Assume a hollow 

&What a ^m« 
to be a vacuum is with mandrel 

created. The space is, however, found to be filled 
with almost pure hydrogen gas given of! by the 
hot iron. The heated billet is placed between 
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the rolls, being led through guides, so as to 
make lateral motion of tne rod or billet im- 
possible. The end of the billet that enters 
the rolls is slightly flattened, and this causes the 
particles on and near the surface to be pushed 
forward more quickly than the remaining parts, 
thereby forming a cup-like recess in the end of the 
billet. As the rolls keep moving, the hot metal is 
pulled from the inside of the rod and pushed forward 
in the shape of a tube. Great rapidity is essential, 
or tho metal would become too cool for manipula- 
tion before reaching the end of the billet. As already 
stated, the power required for this process is very 
high. It varies from 2,000-horse power to 10, 000- 
horse power, according to the diameter of the tube 
in process of manufacture. The revolutions of the 
flywheels in the machines are so numerous that 
such wheels arc usually made of large discs inside 
which and around the hub wire is tightly wound to 
give the necessary weight. Cast-iron flywheels 
would fly apart, and have, indeed, done so on 
several occasions before they were discarded. 

A mandrel may be used when exactness of inter- 
nal diameter is required [11] and when a tube of 
small diameter and heavy gauge is being made into 
one of larger diameter 
and thinner gauge. The 
Mannesmann process 

f iroduoes tubes of very 
iigli tensile strength. 
Figure 12 shows a 
different form of re- 
volving cones. 

The Stiefel 
Process. The Stie- 
fel process deserves 
mention as it has 
points of resemblance 
to the Mannesmann process. Two opposing discs 
mounted upon revolving vortical shafts parallel to 
each other and not in the same plane have faces with 
circumferential bevels. The hot billet is made to 
pass between these discs and on to a pointed 
mandrel placed in position, which pierces it in its 
progress. Suitable guide blocks are placed to keep 
the billet in its path. 

Large Steel Tubes. Tubes of very large 
diameter have been made by a process of rolling 
subsequent to a rough drawing. The maximum size 
made hitherto by this process is 10 ft. long and 
8 ft. in diameter, and there is no reason why the 
diameter at least could not be made much greater 
if it were desired. Such tubes have been used for 
rings for locomotive boilers, cylinder linings for 
hydraulic presses, and other purposes where high 
tensile strength is imperative, and where formerly 
the structures had to be made of plates curved and 
welded or riveted. 

The process consists first in piercing a steel bfilet 
of suitable size into tubular form, and then of 
inserting a roller not shorter than the size of the tube 
desired, and rolling the tube already made, thereby 
increasing its diameter circumferentially as the 
shell is attenuated. 

Die Press Process* Another process of tube 
manufacture consists in pressing discs of metal 
in a die press until after successive operations they 
evolve from flat shapo to cup shape, then becoming 
longer, thinner, and of smaller bore under suitable 
pressing dies until they assume the ultimate form 
desired. This mode of manufacture is suitable for 
objects such as cartridge eases, and steel cylinders 
for gas, which in their final form ore to have one 
end closed. They are thus cylinders rather than 
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tubes. The open end is, if necessary, narrowed or 
closed by compression, or, in the caso of heavy iron 
or steel cylinders, the object may be made in 
two halves, which come together sectionally, and 
are united by welding. 

LocK")oint Tubing. Various attempts have 
been made to manufacture lock-joint tubing, and 
the problems involved present no great difficulties. 
The usual practice is by rolling processes and 
through formers which bend around the edges of 
the strip into suitable shape, so that one edge 
may engage the other. Then the edges are brazed or 
soldered [see Soldering]. The manufacture of 
such tubing is limited, and is seldom used for making 
iron and steel tubing. 

Taper Tubes. For some purposes taper tubes 
are desired. In the case of locomotivo boiler tubes, 
•for instance, they may be made parallel outside, 
but tapering inside, and therefore of heavier gauge 
at one end than at the other end. This is done in 
order that the thicker end may bo placed where it 
is subject to greatest heat, and the thin end where 
the heat is less intense and the thickness super- 
fluous. Brass and copper tubes are made with an 
internal taper by drawing them upon a taper 
mandrel the entire length of the tube, and by 
stripping them from this mandrel. Iron and steel 
tubes with internal taper are made by different 
processes. Ricketts’ method provides that, in the 
process of drawing tubes through dies and over 
a bulb- headed mandrel, the mandrel should be 
made of slightly tapering form, and should have a 
very slow longitudinal travel, working automatically 
after the maimer of the automatic feed on a drilling 
machine. Thus the space between the mandrel 
taper and the die, which space decides the gauge of 
the tube, is gradually widened, thereby producing a 
tube of gradually increasing gauge, and therefore 
with internal taper. 

Heavy iron and steel tubes, such as are used 
as standards for electric lights and for electric 
railways are made by using as a dio a pair of rollers 
provided, with circumferential grooves with gradu- 
ally increasing sweep. These rollers revolve in 
unison, and as they do so the die formed by the 
two grooves, while always remaining circular, 
increases in size, thus making the tube taper. 

Annealing Tubes. In drawing tubes cold 
through dies as in wire drawing, the drawing 
process hardens nearly all metals, rendering them 
incapable or extremely difficult of further drawing 
and to reinvest them with the necessary ductility 
annealing is necessary. The annealing chambers, 
as we saw in considering wire drawing, are 
simply ovens of suitable size, and into these 
the articles are placed and maintained at a 
high temperature. Annealing, under tho usual 
conditions, demands that the object annealed 
should be afterward« “ pickled” — that is, immersed 
in a solution of hydrochloric acid (usually one 
part to 39 of water). This pickling removes tho 
oxide of iron which the annealing has caused to 
appear on the surfaces of the tubes. Many attempts 
have been made to dispense with the necessity for 
pickling, and what is termed “ bright annealing ” 
i« a not uncommon process. In bright annealing, 
tho articles in the annealing ovens are annealed 
not surrounded by air as in the common process 
put by some gas which does not have the oxidising 
influence of the air. In some cases the annealing 
oven is put into communication with a coal gas 
supply service. By admitting the* gas the air is 
expelled and the articles are then annealed without 


the formation of scale, maintaining their original 
brightness. 

Other devices adopted include special methods 
of pickling. One process attempted removes the 
scale electrically by making the tubes anodes in 
an almost neutral bath, and by introducing lead or 
iron plates as cathodes. 

Brass Tubes. The production of brass 
tubes is very large. Such tubes were formerly 
made by the primitive hand method, in which 
a strip of sheet metal was cut to the necessary 
width and bent around an iron rod. The edges 
of tho partially-formed tube were then bound 
together with rings of wire, solder and borax 
were placed along the seam and fused in a com- 
mon forge or under a blowpipe. Then, after being 
soldered, the tubo was hammered round tho rod 
upon which it had been formed, fullers being used 
in the process. 

The present-day process of making tubes of brass 
and other metals gives results much better than 
the original method mentioned. Strips of metal 
of a suitable width are cut. Tn the case of large 
tubes demanding thick sheets the strips are put 
longitudinally through rolls — one concave and its 
fellow convex. By this devieo the strips are mado 
into long channels the section of which is curved. 
Then, by heating it with a hammer, the end of tho 
tube is tapered. Tho drawing tool is placed in 
position in the draw bench, and the tapered end, 
or tang, is passed through it. Tho draw tongs are 
made to grip the latter, and put into motion by 
means of the chain, which drags them along tho 
bench, pulling the metal strip through tho dies, 
and giving it the form of a tube with a seam up one 
side. Then the vnrer — that is, a workman, or often 
a workwoman, responsible for tho next operation — 
hinds tho edges together by encircling the tube 
with rings of iron wire at a distance of 2 in. apart. 
Then another operator, called tho charger , places 
along the seam some spelter, or brass solder, in 
granulated form and mixed with borax. 

Tho crude tube so prepared is now placed in a 
soldering stove, which must be of a suitable length. 
When it has been raised to a red heat, tho brass 
solder and the borax fuse and unite tho two sides, 
making the tube complete except for tho finishing 
processes. 

The binding wires are removed when the tube 
has cooled, and the surplus solder is removed by 
tiling or grinding. Then pickling in weak acid cleans 
off the adhering dirt and the tubo is again passed 
through a die on the draw bench. If a tube of abso- 
lute accuracy — internally, as well as externally — bo 
demanded, a smooth mandrel is placed inside it 
before it receives this final drawing, and the drawing 
die, offering pressure to this resisting mandrel, 
makes a tube smooth in surface and uniform in 
gauge both iufcernally and externally. 

Solid Drawn Brass and Copper 
Tubes. Tho ingot which is to make brass or 
copper tubes must be carefully made, and certain 
precautions are necessary. It must he sound 
metal, and must have a sound face, or the chance 
of a good tube resulting is small. Clean metals 
poured into warm moulds should give the desired 
result. If the moulds are cold, and tho cores warm, 
the latter will draw moisture, giving unsound ingots, 
in addition to which there is a danger of some of tho 
metal blowing out of the mould. Usually, the 
casting is done in iron moulds set vertically and 
with warm cores. Mould and cores should bo„ 
coated with plumbago or chalk, tho former for 
preference. 
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Welsh coke is the best fuel, but if gas coke be 
used, it should be clean, or impurities may be 
carried into the metal. 

With alloys of zinc, the heat should not be raised 
too high, or the composition of the alloy may be 
altered somewhat, and if exact specification be 
demanded, this may be bad. The flux used in 
making alloys must depend upon the constituents 
of the alloys, but it ought to produce a metal in a 
clean fluid state, and with melting temperature as 
low as possible. 

A little lead, especially if it contain a percentage 
of silver, will make the process of rolling and drawing 
much more eaHy, and it is worth adding, but only 
a small quantity will enter into the alloy, any excess 
above this quantity squeezing out in cooling. 

The hollow ingot, having been cast, is placed upon 
a nfandrel and pulled through successive dies, each 
smaller than that preceding. Sometimes the 
mandrel is stationary as well as the die, and the 
tube is drawn between the two. Between each 
drawing the tubes are annealed and pickled, 
this being necessary to re-impart the ductility 
required. 

Copper Tubes by Electric Depo9i» 

tion. Copper tubes are made by electrolytic 
deposition as well as by the mechanical process 
described. The chemical purity of electrolytic? 
copper is well known, and when the plant is arranged 
to deposit the copper in the form of a tube there is 
a great saving of mechanical operations. Tubes 
made by this process arc able to stand very severe 
tests. They may be doubled close cold and then 
doubled over ; they may be doubled close cold and 
then opened out, and they may be expanded and 
flanged with a flange three times the diameter of the 
tube — all without splitting or showing defects. 

In the process of manufacture the copper is 
deposited upon a mandrel. For tubes up to 4-in. 
inside diamoter the mandrel is of brass, and for larger 
sizes it is of cast iron, with a brass neck to take the 
current. The east- iron mandrels, previous to use 
in the tube depositing tanks, are immersed in an 
alkaline electrolytic bath, containing sheet copper 
anodes, where they receive a thin covering of copper. 
The alkaline bath is kept at a slight heat. All tho 
mandrels, whether of brass or of cast iron, are 
covered with plumbago, so that the finished tube 
may bo easily removed after deposition. 

The anodes used in the depositing bath are made 
from copper bars, which have been refined to remove 
arsenic and other impurities, and are practically pure 
copper. They are cleaned with diluted sulphuric 
acid before immersion in the depositing tanks. In 
o|>eration the copper anodes and the mandrels are 
placed in the tank, the latter nested alongside of tho 
anodes and resting ou insulated supports at both 
ends. Acid sulphate enters the tank by gravitation 
from suitable reservoirs. The positive current 
reaches the copper anodes through lead conductors, 
and the negative current reaches the mandrels 
^ through copper conductors and flexible brushes. 
The mandrels revolve during the process, while 
agate burnishers travel along the whole length, 
giving to the tube uniform density and a surface 
of mirror smoothness. The coatea mandrels after 
removal from the tank are treated in a tul>e expand- 
ing machine, and in a power draw- bench, which 
piuls the tube from its mandrel. Sometimes the 
tubes are subsequently drawn to different dimen- 
sions to those in which they leave their mandrels, 
and in this event they must be afterwards annealed 
and pickled. 
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Aluminium Bronse Tubes. Aluminium 
bronze is specially suitable as a material for tubes, 
for water-tube boilers, condensers, and acid indus- 
trial works. Its ability to resist corrosion is excelled 
only by gold t and platinum, and its electric 
potential is almost nil. Aluminium bronze tubes 
are of en drawn by the Mannesmann process, 
already described. To attempt to draw them on 
draw benches commonly used for drawing brass 
and copper tubes is to spoil the dies, which art* not 
Htrong enough to resist the hardness and high tensile 
st rength of tho alloy. During the process of draw 
ing, aluminium bronze tubes require frequent 
annealing. 

Brass-cased Tubes* Much of what looks like 
brass tubing is only iron tubing covered with brass, 
(ireat economy is effected by substituting this so- 
called brass-awed tubing for solid brass tubing. 
Instances of its use arc brass bedsteads and brass 
curtain poles. The latter are usually, however, of 
brass entirely when they are bent to fit oriel windows. 
The methods of making brass-eased tubing is ingeni- 
ous and simple. The iron tubing is made from noop 
or strip iron in the manner we have already described 
except that the butting edges are not usually brazed, 
welded, soldered, or otherwise joined. Then a tube of 
brass larger in its internal diameter than the external 
size of the iron tube is made in the same manner. 
The iron tube is put within the brass tube. It enters 
easily, being smaller. Then the two together are 
put on the draw bench and pulled through the die, 
which compresses the brass tube in diameter and 
extends it longitudinally. This mere pressing of 
the brass tube upon the iron tube gives sufficient 
adhesion for all purposes to which brass-cased tubing 
is usually put. Sometimes the brass tubing is brazed 
Wore being drawn down on the iron tube, but for 
some purposes this is not done. If we examine 
the brass-cased tube that serves for the head rail 
in a cheap iron bedstead, we shall probably find that 
the underside shows a seam. This is because, for 
considerations of price, the brass tube has not been 
brazed at its edges. 

Tubes of Odd Section. Tubes of 
odd form, such as square, oval, D-shape, trian- 
gular, fluted, or polygonal, are made dimply 
by making the drawing die and the mandrel 
the necessary shapes. They present no difficulties 
greater than those in drawing ordinary round 
tubing. When tubes other than round are desired 
to be made with their section spirally to the length, 
making thereby what are called twisted tubes , the 
tool through which they are drawn, in addition to 
being of the desired form, is made to revolve. It 
is geared to the wheels that operate the drawing 
mechanism, and thus a uniform number of twists 
can be given throughout the length of the tube. The 
tool in this case really acts like a screw-plate, putting 
a thread on the tube pulled through it. Many 
forms of ornamental tubing, such as are much used 
for gas pendants and other gas fittings, lamp 
standards, etc., are made by passing brass tubing 
through hard metal rollers containing grooves cut 
with the desired pattern. A solid brass tube is 
supported inside with a mandrel, so as to offer 
resistance to the pressure of tho rollers, and by 
passing tube and mandrel through the machine 
the desired design is imparted to the tube. 

Lead Pipe* Lead pipe, or pipe made of an 
alloy of whioh lead is the principal constituent, 
and termed compo pipe, is used largely in domestic 
plumbing work. The former practice of making 
lead pipes was to bend strips of lead round a 
mandrel and to solder the edges together. Sush 
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a practice has* long been discarded, except 
where the small plumber makes his own traps, 
and pipes of lead are now forced by pressure 
through a hole or die the size of the external diameter 
of the pipe being made, and having in its centre 
a mandrel the size of the internal diameter of the 
pipe required. The power used is usually hydraulic, 
and the machine is a hydraulic press. The usual 
charge of lead is between 2 cwt. and 4 cwt., and 
this is poured in a molten state into the chamber. 
Pressure is applied before the lead has quite cooled, no 
that it is to some extent plastic. Sometimes a furnace 
surrounds the chamber, so as to keep the lead at 
its proper temperature as the pipe is being made. 
The smallest hizo of lead pipe — § in. — is usually 
made in f om 30 to 40 yard lengths, and large sizes 
— from 2 k to (1 in. — in 12-ft. lengths. 

Extruded Tubes. An account of tube 
manufacture would be incomplete without notice of 
tubes produced by Dick’s extrusion process, which 
is worked by the Delta Metal Company. It is really 
the process used in manufacturing lead pipe, by 
pressing it through a die applied to working alloys in 
a molten state. The machine which is called into 
use consists essentially of a cylinder and a hydraulic 
ram. The heated metal, usually an alloy of copper, 
is poured into the cylinder, at one end of which is 
the die. Upon the application of pressure from tho 
opposite end, tho plastic metal issues through tho 
die as a rod or tube, conforming in section to the 
shape of the die. The chief use of this process is in 
making bars or rods of odd sections, which could 
not be rolled ; but many articles of tubular forma- 
tion are also made. In their ease, a mandrel is 
placed within the die, and this gives the form to the 
internal diameter of the article to be extruded. 
Successful operation of this process is due to tho 
fact that the alloys that are treated may bo separated 
into more than one stream when in a plastic con- 
dition, and will reunite readily and perfectly under 
simple pressure if no air has been admitted to oxidise 
the fresh surfaces created. This separation takes 
place in the cylinder, because the metal is broken 
into two .or more streams as it passes the arch that 
holds the mandrel in position ; but a reunion takes 
place before the metal comes to the die. Alloys of 
eopi>cr are usually extruded at the temperature of 
plasticity, which is about 1,000” F. For small work, 
the cylinders arc fitted with several dies — up to 
four in number — and four tubes or rods arc pro- 
duced simultaneously. 

Flexible Metallic Tubing. 1 ’he desir- 

ability of having flexible tubing much Stronger and 
more durable than is possible with indiarubber 
admitted flexible metallic tubing into immediate 
favour, and new spheres of usefulness are con- 
tinually being found for it. 1 1 is made by the United 
Flexible Metallic Tubing Company, Limited. It 
is largely used in railway work for water-fed pumps 
from tho engine to the tender and for heating 
carriages. In countries of extreme temperatures, 
that cause rubber to perish within a short time, 
flexible metallic tubing is extremely valuable. Rock 
drills actuated by compressed air often have the air 
supplied to them through this variety of tubing 
with excellent results. It has also been used to pump 
liquid fuel in the form of petroleum from one vessel 
to another while both were going ahead at 
almost full speed, thereby saving a good deal of 
time in ocean voyages. These are merely a few of 
the inuny uses to which flexible metallic tubing is 
flow put. 

The process of manufacturing flexible metallic 


tubing demands great on re, and the resulting tubing 
must fulfil two conditions — it must be flexible and 
it must be water and air tight, even, in some cases, 
under high steam pressure. It would be easy to 
make it flexible at the expense of the latter quality, 
and it would be easy to make it airtight at the 
expense of flexibility. To serve its purposes, how- 
ever, it must have as much flexibility as is consistent 
with absolute airtight qualities. 

Making Flexible Metallic Tubing. 
The first thing necessary in manufacturing the tub- 
ing shown in 13 is an extremely tough, and, at the 
the same time, highly ductile metal strip or ribbon 
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of absolutely uniform width and of very great length. 
This ribbon — of steel, brass, copper, zinc, or, indeed, 
any metal sufficiently ductile— is drawn through 
successive formers, which gradually shape it from 
the flat strip into a sort of double tube having tho 
section of the figure 8, only tho ends turned over do 
not butt close up to tho central web. The linnl 
process is that of coiling this strip in a spiral form 
round a core, causing the lower part of each spiral 
to engage the upper part of the spiral to which it is 
united, thus forming the tube. In this operation 
the tension of the strip, the accurate adjustment of 
the metal surfaces, and the mode of release from 
the core or mandrel upon which the tubing is made, 
are the matters of chief moment. All these opera- 
tions are accomplished in a single machine, which 
receives the plain metal strip and delivers the 
tubing complete and ready for use. Very long tubes 
can be made by the process described, the length 
being limited only by the limitations of the strip 
that can be supplied to the machine. Thus, to make 
a tube J in. in diameter requires strip ^fch milli- 
metre thick and 14 millimetres in width, and the 
limits of length for metal strips of this section is from 
(1,000 ft. to 7,000 ft. It requires 10 ft. of strip to 
produce l ft. of tube, and this gives 000 ft. to 700 ft. 
lengths of tubing of the size mentioned. When 
tubing is required in greater length than this, these 
long strips are united by electric welding, so that 
there is no practical limit to tho length that may 
be supplied in one piece. 

For steam purposes, flexible metallic tubing is 
made of copper, pure or alloyed ; for use in pumping 
oil. and other purposes, steel is used ; brass tubing 
is provided for locomotive w'ork, and for use as gas 
tubing in making flexible connections, both steel 
and zinc arc employed. For suction as well as for use 
under compression, this tubing is excellent. 

Ga9 Fittings. An important use to which 
tubing is put is the manufacture of gas fittings. 
Into the many forms of gas fittings space will not 
j verm it us to enter. Wo '-an record only the 
present tendency of the trade. Undoubtedly the 
invention of Auer von Wclsbneh — the incandescent 
gas mantle (see Gas) — gave to gas lighting a hold 
which it was gradually relaxing, and postponed 
the general adoption of electricity as a domestic 
illuminant. The tendency of taste in modern gas 
fittings is away from the sliding water-sealed 
chain and weight gaselier towards fixed pendants 
and brackets, and to pendants that can be raised 
and lowered without a water-sealed tube. The 
popularity of the inverted gas mantle is creating 
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a demand for new styles and new designs in gas 
fittings, and at present there is no evidence that 
fixity of design has been attained or that the 
problems of construction have been properly solved. 

In gas fittings, soft or tinman’s solder is avoided, 
and hard soldering or brazing is adopted. Orna- 
mental tubing such as we have already noted is 
used extensively for gas fittings, but even here 
there is a distinct tendency towards plain, round 
tubing, and to lightness and grace contrasted with 
ornament and elaboration. Mountings of gas 
fittings are to a great extent stamped brass work. 
Taps, swivels, and couplings are, of course, cast 
brass, and aro made chiefly by semi-automatic 
machines. Ingenuity is being exercised in the 
finishing of gas fittings, and fashion, to some extent, 
holds sway here. 

^ Tube Bending. Cast-iron pipes, of course, 
cannot be bent at all. Wrought iron and steel tubes 
are often filled with sand, heated to reduess, and 
bent round a shape, the welded side being kept 
at the inside of the bend. Brass tubes for curtain- 
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poles and other purposes are filled with pitch, and, 
when cold, bent round something of a suitable 
shape. Then the tube is heated, and the pitch re- 
melted and poured out. This demands that the 
tube must be repolished. A coil-spring mandrel 
is also used for bending tubes for cycle and other 
work. The mandrel is screwed up to its minimum 
diameter and inserted into the tube. Then, by 
turning a key at its extremity, it is distended 
inside the tube as far as the internal diameter of 
the latter will permit, and the bend is made, the 


mandrel resisting the flattening at the bend which 
would otherwise take place. The mandrel is again 
screwed up tightly and withdrawn. This method 
cannot give very sharp bends, and the spring 
mandrels are expensive and somewhat brittle. 

Some machines have recently been invented 
for the purpose of bending tubes, and perhaps 
the best is Kennedy’s patent [ 14 ], which is now 
used by several Government departments. It 
consists essentially of a circular plate grooved on 
its periphery to suit the tube to be bent. A plate 
of the proper size is placed on a vertical centre, 
and a hard steel grooved block, mounted upon a 
lever and made to describe an arc parallel to the 
periphery of the plate, is pressed against the outer 
side of the tube, thus making the bends. By a 
sufficient number of grooved discs, and a machine 
of the proper capacity, this machine gives a very 
wide range of bends that may be made and sizes 
of tubes tjfiat may bo handled. The weld — if the 
tube be of the welded varjety — should be on the 
inside of the bend. In the largest size, the power 
is applied manually by a worm and wheel arrange- 
ment 

Measurement of Tubes. The measure- 
ment of brass and copper tubes is calculated upon 
the outside diameter, and tubes of iron, steel, lead, 
mid composition, or comjx) tubes or pipes, by the 
inside diameter. The reason for the apparent 
anomaly is that brass and copper tubes are used 
la’gely for purposes where the external size is the 
important consideration, and that the chief purpose 
of the tubes of other metal is to pass water, gas, or 
steam where the quantity that the pipe or tube 
will take is the important point. The result- of 
this method of calculating size is that tubes- — say, 
h in. diameter — for gas, water, an.l steam respec- 
tively — look very different from each other in 
external diameter. 

It is the practice of most tube-makers to manu- 
facture welded tubes for water one gauge thicker 
than gas tubes, and steam tubes again are one 
gauge thicker than water tubes. The usual gauges, 
thicknesses, and weights of the throe varieties of 
tubes and the number of threads per inch in the 
screws used for them are given in the table that 
follows : * 




WROCGHT-IRON TURKS FOR 

GAS, WATER AND STEAM 


1 

Bore 

in 

Incites. 

Screw 

Threads 

per 

Inch. 

OAS 

WATER 

STEAM | 

S.W.O. 

Thickness 

in 

Inches. 

Pounds 
Weight 
per foot. 

S.W.U. 

Thickness 

in 

Indies. 

Pounds 
Weight 
per foot. 

S.W.G. 

Thickness 

in 

Inches. 

Pounds 
Weight 
per foot. 

* 

19 

14 

•080 

WMM 

13 

092 

•419 

12 

•104 

•448 


19 

13 

092 


12 

*104 

•627 

11 

•116 

•604 

J 

14 

12 

*104 


11 

•116 


10 

•128 

1-008 


14 

11 

•no 

1176 

10 

•128 

■El 

0 

•144 

1-400 

1 

11 

10 

•128 

1 1 680 

9 

•144 

'Sena. 

8 

*160 

2016 

H 

11 

0 

*144 

2 464 

8 

•160 

2*632 


•176 

2 800 

If 

11 

8 

*100 

3 136 


*176 

3 472 


•192 

3-808 


11 

8 

•100 

3 403 


•170 

3-804 


*192 

4*145 

2 

11 

8 

*100 

3*791 


*176 

4' 137 


*192 

4*483 

2* 

11 

7 

*170 

5*334 

as 

*192 

ft -846 


*212 

0-350 

3 

11 

7 

•176 

6 350 

6 

•192 

6‘936 


*212 

7 563 

3* 

It 

7 

•170 

7-300 

6 

*192 

8-020 

■9: 

•212 

8*732 

4 

11 

7 

*170 

8*047 

6 

•192 

8-767 

■fl 

*212 

0*488 
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By ANTOINETTE MEELBOOM 


r^IFFERENT kinds of binds may be used to 
^ make brims more becoming to the face of 
the wearer, and also to form part of the trim- 
ming of the hat. Before a rouleau, velvet bind, 
or French fold can bo sewn to the hat, the brim 
must bo prepared. 

Remove the wire already on the hat, as it is 
generally too thick and will cause the rouleau to 
stand out from the brim too much ; and, secondly, 
it is very often of inferior quality, and is sewn on 
with stitches so far apart that it does not 
answer the purpose for which it is required — 

| that is, to keep the brim in shape. A strong fine 
! eilk support wire to match the straw or felt is 
| substituted, and, in the case of a straw hat, is 
, sewn on the width of one straw in from the edge. 

With open fancy straw it must be sewn on the 
part sufficiently strong to hold the stitches. Use 
wire stitch, and allow 2 in. on the wire to cross 
at the back [106]. The stitches must exactly fit 
the wire, and not be too far apart, or the wire 
M ill not set well round the curves. Contract the 
Mire slightly for a tumed-up brim. 

Pin on the rouleau with lillikins, or steel pins, 
over the wire 


[106], stretch it 

sHghtly, cut away ^ 

£ in. for turnings A 

for the join. Undo v ,' Jvf 

the fold for a few 

t ogether again. Pin 98 (§Bi 

in place and slip- J IB ' 

stitch it to the hat /fir 

just above the jyf . 

wire all round. '■I' 

Thte rouleau should rvv, . J EL / 

lie quite flat, and • far . t4jL 

no stitches must ^ hr < < ( 'i « 

show on the right j/i ! ! 

side. Felt hats are vA • v “ * 

prepared in the (f — — 7 - -r 

same way, except 4 t»r V . 
that in smooth nr/ 

felts the stitches 95-107. hat- brim linings 

must not be taken 

through the brim, but only through half the the scissors 
thickness of the felt. Use a very fine needle the centre — -i 

G •? r > 


and cotton. Felt hats are often wired at the 
edge, mulled, and trimmed with a velvet, silk, 
or braid bind. 

Velvet Binds. For a velvet bind [97], 
measure round the edge of the brim. Most brims 
require one and a half to nearly two erossM'ay 
lengths of velvet about 3 in. Mide. Shade and 
join the velvet. Pin it on the hat and join in 
a round. Press the seams. The joins are 
very difficult to manipulate and show the 
difference between, amateur and professional 
workmanship. 

Stitch it in on the outside of t he hat with long 
backstitch, the right- side of velvet to upper side 
of brim. Turn over carefully and turn in the raw 
edge with the needle — on no account use the 
fingers, which Mould stretch the edge of the 
velvet. In boat shape, French sailor, or similar 
tumed-up brims, the bind, if carefully put on, 
will keep in place on the outside without any 
other stitching. For curved or fluted brims, the 
bind must be slipstitched on the underside, in 
order to set it in the curves. A corded or plain 
ribbon bind to a felt hat is evenly stitched with 
tM'ist, the same 



size stitch showing 
on both sides of 
the brim. 

Another effective 
May of trimming 
the edge of the 
upper and under 
brims is by narrow 
crossway folds in 
velvet or silk [100], 
the fold of each 
row overlapping 
the raw edges of 
the previous one, 
the last being 
finished with a 
rouleau or French 
fold. 

For a wide vel- 
vet or silk bind of 
1 in. or more wide, 
on either side of 
the brim, measure 
round the edge, 
join the material 
in a circle, and 
press the seams. 

Fold the velvet 
in the centre, 


I stretch the centre 

UM linings of the fold with 

tho blunt end of 
the scissors ; be very careful only to stretch: 
tho centre — not the cut edges. Place this on the 
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edge of hat, turn in the raw edges, and slipstitch 
top and bottom, being careful not to draw the 
velvet. 

Full gathered or rucked edges on hat brims in 
either velvet or silk are made of cross way pieces, 
in length twice and a half times the circumference 
of hat, and about 3 in. wide. Join them in a 
circle, mark the half and quarters also on t he hat 
brim. Regulate the fulness evenly, and secure 
the material by the long backstitch to the brim, 
along the gathering thread. Turn over the 
velvet and slips! itch down to underside of brim. 

A much softer effect is obtained 
by not pulling the fulness tightly 
over the edge : also by regulating t he 
fu luces diagonally over the edge be- 
fore slipstitching it to the under 
brim [95]. 

A cord run in a velvet tuck at 
the edge of velvet, drawn up to size 
of edge of hat, sewn on, the under- 
side turned in and sli pat-itched as 
explained before, is another 1 pretty 
Jinish [104]. 

Satin wires used on felt, velvet, or 
straw hats are slips tile lied to hat 
brim, the stitches taken through the 
underside of silk filament of the wire, 
to prevent them showing when the 
hat is worn, and through half the 
thickness of brim in felt. 

For joining at the back, side, or 
wherever the trimming is likely to 
come, carefully undo the silk filament at each 
end ; cut away some of the cotton covering 
which is underneath, overlap the two wires 
for 2 in., twist the cotton covering round them, 
and wind round the silk filament, again very 
gently. If carefully done, the join will be 
invisible. If two wires are to be placed very 
close to one another, there is no need to finish 
each round ; the first one may be taken on to 
the next. 

Crossway folds of silk or chiffon [102] for hat 
brims are cut 2 in. wide and joined in one length. 
Tack the edges together. Straw, felt, and velvet, 
brims must first have a facing of mull, leno, or 
silk. Start from the outside edge, avoiding any 
joins showing in front of brim. Arrange each 
fold separately, slightly stretching the outside 
edge. Stitch each row in position, hiding the 
stitches of the previous ones. 

Chiffon Lining9« Gauged chiffon linings 
1 98] take from throe to four and a half times the 
circumference of brim ; of fine tulle even six times, 
and the depth, plus as many tucks as required, 
is not too much to obtain a good effect. 

^Mark the half and quarter of the length, run 
threo or more tucks at the edge ; pin, and sew 
on hat just above the wire. Make more tucks, 
regulating the distance according to the shape 
of hat brim. Pleat evenly in the headlines. 

Plain tucked chiffon linings are made with the 
tucks about £ in. to J in. wide, each just over- 
lapping the other. The tucks are usually run 
selvedge way, but they may be made on the cross. 
Slipstitch round the edge of brim and gather tho 
fulness in the headline. Chiffon or silk may be 
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gauged diagonally [ 101]. Draw up the gathering 
threads. Ease on round edge of brim. Cut the 
silk on the cross one and three-quarters the depth 
of brim, and one and a half times the circumfer- 
ence. 

Pleated lace linings [96] have a tiny stitch 
t aken on each pleat . 

Fluted lace linings [99| have a tiny stitch 
between each pleat, and the lace is pleated 
evenly in the headline. 

Beads are sometimes used as trimmings. They 
are threaded on fine wire and sewn on with a 
stitch taken through the bead into 
the shape. The wire should be held 
firmly with the left hand. 

Soft felt, straw flop, or capeline 
hats 1 108] are wired round the edge. 
These shapes also need four extra 
wires to give support to the brim and 
crown. The wire is run for about 
l-J in. to 2 in. in crown. These are 
also wired round headline, or a band 
of not or buckram wired top and 
bottom may be used. For deep 
crowns, a separate wire foundation 
must be made. 

The wiring of brim is done either 
underneath or on the top, according 
to whether the brim is to be turned 
up from the face or not. If wired 
on the outside, the trimming will in 
most eases cover it. 

Bonnet Shapes. Nearly all 
bonnets have full or rucked edges which make 
a becoming front trimming for the face. There 
are two kinds, either for the open front or the 
close-fitting bonnet. 

For the open front [109] a full velvet lining is 
often necessary to fill up the space between the 
bonnet front and the head. 

For the close shape [103] a rucked edge is used 
to take away the hardness of the shape. 

For the open front, measure the depth of the 
centre- brim and allow half as much again for 
fulness. Measure the outside edge of brim and 
allow half to three-quarters as much again for 
fulness. 

If one length of velvet is insufficient, add on 
narrow pieces each side, as a bonnet brim is 
always much narrower near tho cars. If a longer 
piece is necessary, join the piece on either side 
and cut afterwards in the middle of the narrow 
part [107]. Mark centre-front and gather each 
edge. Prepare the bonnet edge in the same way 
as the hat brim is prepared for a fold. 

Place centre of velvet lining to centre of brim. 
Arrange most of the fulness in centre-front, 
lessening it gradually towards the ears. Back- 
stitch the velvet on closely, just above the edge 
wire on the line of running stitches. The lower 
edge is stitched round the head and the velvet 
arranged in light puffs with the point of the 
needle. 

For a “ rucked edge,” the measuring, cutting 
off, and preparation of velvet are the same as 
just explained, the only difference being that the 
velvet is not usually stitched on the edge of the 
bonnet, but about 1 in. to 2 in. above it. 
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The needle should never be put through tho 
double pleat of the velvet ; it should be brought 
back close to where it went in and the cotton 
tied. Lightness of touch, to use no more stitches 
than necessary, and never to draw the fulness 
tightly over the edge, are points to be remem- 
bered. The bonnet should next be headlined. 

Preparing the Velvet. Velvet is a rich- 
looking fabric whose chief characteristic is its 
file , or raised surface. It has a short 
surface which, in coming from the loom, 
is pressed slightly in one direction, thus 
casting a shade, and giving it a darker tone 
against the pile than with it. Experienced 
fingers can feel the way the pile lies, it being 
smoother in one direction than the other. The 
better the quality of the velvet, the more dis- 
tinct is the shade. In correct shading lies much 
of the difference between amateur and pro- 
fessional work. Hold the velvet to the light, and, 
before joining or cutting out, sec that tho pieces 
shade the same way. 

Three kinds of velvet are in general use— the 
silk, the patent, and the cotton back. Velveteen 
is too heavy, and is used only occasionally to 
match children’s Liberty coats and pelisses. 
The silk-back velvet is manufactured entirely 
of silk filaments ; it is very light, has a close pile, 
keeps its colour to the last, renovates well, and 
is always used for the best class of work. Its 
price is from 7s. lid. a yard. It wants careful 
manipulation, as tho lightness of its pile causes 
it to bo easily plushed or flattened. 

The “ patent-back ” Velvet is a mixture of 
cotton and silk, but it is easily distinguished by 
its highly-glazed back. In the best qualities it 
can be mistaken for silk velvet. Its price is from 
3s. lid. upwards. It is much in use and can be 
obtained in a wide range of colours. 

Tn cotton- back velvet, as its name implies, 
the pile alone is of silk. It is of much more open 
texture, soon fades, and is 
heavier to wear. It is only 
used for very cheap millinery, 
and costs from Is. lid. Miroir 
velvet, of the same quality, 
has a much better appearance 
because the pile is flattened 
down uniformly and prevents 
the foundation showing 
through the pile. 

Several other kinds of vel- 
vets are used, such as panne, 
chiffon velours, terry, caracul, 
shot, pliss6, corduroy ; . but 
these are only passing fashions, 
and their use for trimmings or 
coverings at once dates a hat 
or bonnet. 

If required for trimmings 
only, buy the velvet on the 
cross. For covering hats it 
should be bought on the 
straight. . A comer of velvet 
is extremely useful for toques 
or bonnets. 

If we have a length of 
velvet on the straight, before 


we can cut cross way widths for trimmings, 
a comer must be cut off. Place the velvet 
on the table with its pile uppermost, and 
the fold from you — this is important. Fold 
the two faces of the pile together when 
they will not want pinning. Take the right- 
hand lower corner. A, of the cut edges 
to the selvedge of the opposite side, B. The 
two selvedges must be exactly at right angles. 
Then cut through this fold. Any length comer 
can he obtained by folding the velvet as from 
O to D instead of from A to B [110]. The 
extra length obtained along the top is short 
at lower edge [111]. 

A corner of velvet, it will he seen, is a shaped 
piece with one side on the straight and one on 
the cross. In covering and trimming bonnets 
and toques pieces can be cut from the crossway 
side for the trimmings, while the comer and 
straight part are used for covering or draping 
the bonnet or crown. 

To cut a crossway width [112], measure the 
length required first, along one selvedge and 
then along the other ; snip the velvet at those 
points ; fold it over — from you — and cut off. Bo 
very careful that the velvet is really cut on a 
true cross ; if there is the least inaccuracy the 
folds, rouleau, or trimming will not lie well and 
the material will be wasted. 

A crossway length will measure one-third 
less through the centre than along the selvedge, 
and allowance must be made for- this when 
estimating quantity required. By “ through ” 
is meant through the cross— as opposed to along 
the selvedge. This should he noted as the word 
will be so employed throughout this course. 

Joining Velvet, To join velvet [113] 
shade the Velvet correctly, place the two piles 
together, leaving a little triangle at each edge 
[114]. Backstitch them with fine cotton and 
needle— the stitches must, be quite close and 
tight so that there may be no 
gaping when stretched. 

To straighten two cross- 
way lengths for trimming, 
shade the pieces and join. 
Cut off a comer [115] and 
join it to A B. 

To straighten one erossway 
end, fold A to B, stitch it 
and cut [116]. 

Trimmings and bows are 
frequently made of crossway 
widths of piece velvet. After 
joining the length, tho raw 
edges must be hemmed, 
which can be done either by 
turning in the edge once, as 
for twists, knots, etc., or 
turning in the edges twice for 
the loops and bows, and 
making a narrow roll hem. In 
the latter case a fine wire may 
be inserted in the hem. 

Ends of erossway pieces can 
be used up in making ends 
and ears. Ends, if faced with 
velvet, must be stitched along 
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the straight side and si ipst itched along the 
erossway side. They do not set well if not treated 
in this way. Pull out the point from the outside 
with a fine needle. In stitching do not pull the 
cotton tightly. Stitch as from A to B L117J ; 
slipstitch from B to C. Always stitch for 1 in. 
round the point at B. 

An ear is made by the long point being 
turned back pile to pile and stitched 1.118]. Turn 
out and hem along bottom edge. For unlined 
(*nds and ears the edges must first be roll hemmed 
11191, K nd* and ears may be lined with a 
contrasting colour of velvet or silk, joined in 
the same manner as described above. How to 
wire ends and cars is dealt with later. 

For a velvet fold or rouleau, cut crossways a 
piece twice as wide as required, turn down each 
side, so that the cut edges just meet in the 
centre, and lace-stitch the two edges together. 
Another method is to slightly overlap the edges 
and hem as for velvet. Do not cut the rouleau 
too wide or it will not set- well. 

For a French fold [120], cut material three 
times the width of the required fold. Fold it 
in three, one cut edge inside and one outside. 
Turn down the outside edge and slipstitch it, 
begin careful the fold docs not become twisted. 

Velvet Bonnet Strings. Ladies some- 
times prefer piece velvet bonnet strings to ribbon, 
because it may be impossible to obtain ribbon 
velvet to match, and they are warmer to wear, 
and more becoming. 

Cut three times the width required when 
finished. Usually two widths 2 in. “through” 
are needed. Shade the pieces and join. Make 
a cravat end [121], and slipstitch as for French 


In form they arc either shaped , round , or 
straight. Shaped bandeaux for front, side, or 
back, are made of spatrie or buckram ; for 
light hats, such as chiffon, lace, tulle, of double 
stiff net. Round and straight bandeaux are 
made of stiff net and ribbon wire. 

First cut out the shape in buckram and wire 
it with firm support wire [124]. Start wiring in 
the centre of the straight side of the bandeau 
and allow 2 in. for overlapping. 

Mull the edge. Cover it with a crossway 
piece of velvet, placing the straight side of 
bandeau to erossway part of velvet [123]. 
Pin it in place. Cut to shape, leaving l in. 
turnings round curved part. Turn in and slip- 
stitch, cutting the bandeau in shape as it is 
worked. 

Bandeaux for back of hat [125] must be 
covered in two parts. Cut the velvet to shape, 
leaving £-in. turnings. Tack one piece, turning 
the edge over all round, and catch-stitch it to the 
spatrie. Pin on the other piece of velvet, turn 
in the edge, and slip-stitch all round. 

Net bandeaux for light lace, net, chiffon, etc., 
hats arc made of double stiff net, wired all round, 
with support wires inserted between the two 
thicknesses of net, and nipped securely over 
the edge. These are covered with one or two 
thicknesses of tulle or chiffon, and hound with 
sarcenet or narrow velvet ribbon [127]. 

Shaped, all-round bandeaux are made of 
support wire to given measurements in the same 
way as wire shapes are made. These may be 
covered with straw or .velvet, and, for a very 
deep shape, only the outer side need be covered. 

Round bandeaux [126], used for reducing 


fold. Place the fold exactly opposite 
to the point of the cravat end. 
The strings should be about J in. 
wide when finished. 

Another way is to hem a long 
piece of cross-cut velvet, make the 
ends up in bows, and tie under the 
chin. The width is a little narrower 
than the J in. ribbon velvet usually 
sold for bonnet strings because it is 
thicker. Piece velvet bows are made 
of velvet cut on the cross. The 
widths should be joined in one long 
length, and the edges roll hemmed. 

Bandeaux. The style and fit 
of a hat depend frequently on the 
right shape of the bandeau, which 
gives it the proper tilt on the head. 
VVlicii it is made, pin it in, trying 
different positions till the right 
j>nc is obtained. Often a hat does 
not suit because it needs a bandeau, 
or because the bandeau is in the 
wrong place. 

Bandeaux vary in size and shape, 
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size of headline, should be made 
in this way : cut four thicknesses of 
stiff net, about 1 in. wide, and in 
length \ in. smaller than headline ; 
allow 1 in. extra for overlapping. 
Stitch two rows of ribbon wire to 
the net, wrapping over the ends of 
wires 1 in. where they join. Out a 
crossw T ay piece of velvet three times 
the width of the net bandeau. Turn 
in upper edge of velvet, bring up 
the bottom side with the raw edge 
turned in, and slip stitch. 

A straight bandeau is made in the 
same way, except that the ends are 
not joined. Turn over ribbon wire 
for f in. each end. Cover with 
velvet, oversewing the raw edges 
closely, without turning them in. 

“ Chip ” bandeaux are mostly 
used for fronts, of open-fronted 
bonnets, and are made about II in. 
long, wired all round. Stretch the 
chip along the outer edge and 
contract along the bottom edge. At 


and are usually covered with velvet, 123-127. hat bandeaux ea "h end, turn it into half its width. 


which clings to the hair and helps 
to fit the hat. They are used for these 
purposes : To tilt a hat at front, side or back ; 
for sewing trimmings underneath ; or to make a 
faulty headline either larger or smaller. 


To sew the bandeau to hat, pin 
it in the right position. Use strong cotton and 
the long backstitch, keeping the long stitches on 
the outside of the bandeau. Catch the bottom 
wire of bandeau to the headline or brim of hat. 


Continued 
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to extend further up the river. If the non -tidal 
section be made sufficiently large to carry off the 
occasional floods, the velocity in ordinary times 
will not bo sufficient to prevent detritus deposit- 
ing, and the bed tilling up again, unless the 
section thus obtained is affected by tidal action. 
In flood times, the upland water will displace 
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a certain amount of the tidal water for the time 
neing, thus remaining in the river bed instead of 
flooding the surrounding country. 

The removal of all obstacles to the flow of the 
tide is the object to which attention has chiefly 
to be directed in designing improvements in the 
department of navigation. In order to form a 
satisfactory opinion it is necessary to have an 
accurate survey, showing the depths of the 
water and the breadths of channel throughout the 
whole extent of the river, as well as the amount of 
tidal range, the velocity of the currents, the rise 
on the bed, and the nature of the materials of 
which the bottom and banks are composed. 

It may be laid down as a general principle in 
designing works for river improvement, on the 
one hand, not to adopt a waterway so great as 
to reduce the scouring power and produce shoal- 
ing, or, on the other hand, so small as to increase 
the current beyond that convenient for the 
proper management of vessels. 

Effect of Improving 
Tidal Rivers. The tide, 
in improved rivers, begins 
to flow earlier than it did * urr (y 
before, and a larger body of 0u8LtN <; ^1, south wall 
water is carried up the navig- ^ 


3. The duration of the tide — that is, from 
first flood to high-water — should not be less than 
from four to five hours. 

4. The velocity of the tidal current should not 
exceed 2J miles an hour. 

5. The depth at low-water should bo suf- 
ficient for the navigation of the ordinary craft 

frequenting the port, and 
at mean high - water should 
allow 2 ft. under the keel 
of the largest vessels. 

6. The width should 
diminish from the mouth 
upwards, the progressive 
widths being greater in 
proportion at the lower 
end than the upper. 

7. The channel should 
not have in it curves of a 
radius less than 2,500 ft. 

8. The section of the 
channel should be large 
enough to allow the upland 
waters in floods to flow 
down at a velocity that 
will not materially inter- 
fere with the navigation. 

Non-tidal Rivers. In non-tidal rivers, 
training works have for their object the 
regulation of the channel, in which the 
volume of water flowing downwards to the 
sea varies at different times. In rivers above 
the range of the tide, or where they flow 
into tideless seas, training works preserve the 
channel from the tendency of the suspended 
matter in the water to deposit, due to the 
reduced velocity, as is the case where rivers 
widen out or where they meet the tideless sea. 
In tidal rivers the conditions differ from the 
foregoing, inasmuch as the fresh water volume 
or flow is affected by the tidal flow both in ebb 
tide and flood tide. Where a river flows through 
a tidal estuary, the problem to be dealt with is 
to preserve a navigable channel where there is a 



BAR 09 BAR 1873 


able channel, where its effect 
is most useful, but the same 
works which increased the 
propagation have, by removing 
obstructions, decreased the 
heaping up of the tide, and, 
consequently, the velocity of the tide current. 
Wheeler gives the following conditions as being 
essential for a tidal river in good order : 

1. The tidal wave at the foot of the tide should 
be propagated at a rate of not less than 10 
miles an hour. 

2. The level of high-water should not be lower 
at the port up the river than at the mouth. 
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tendency to form banks, frequently shifting and 
varying in their positions, and therefore proving 
a source of difficulty if not of danger to naviga- 
tion. Rivers in their natural state usually vary 
in width, depth, and in direction. The object of 
training works is to maintain uniformity in the 
width and depth of the navigable channel. 
Much consideration is required in settling 
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the nature of the works to effect 
the contemplated improvement 
of a river channel. For instance, 
it is possible to improve one 
part of a river by removing 
shoals, but at the same time 
deposits may be occasioned 
elsewhere. This is often caused 
by the erosive action of an 
increased velocity of current 
(due to the training works) 
removing material from the bed 
or sides of a river, and these 
may deposit beyond the range 
of the training works. 

Estuaries. The entrances 
to tidal rivers are liable to 
have bars formed across them 
owing to the drifting of detritus along the being to direct the low-water current, it is found 

coast., and its deposition, unless the com- that they are generally most effective when 

bined land and tidal water at the ebb is able carried up to a height equal to half-tide level, 
to carry it away seaward. Where this is The greatest velocity of tidal water is at half- 

unable to be done, training walls can be eon- flood and half ebb. The flood tide has a greater 

structed which confine the river in a defined erosive action than the ebb. The reason is that, 

channel, and preserve a velocity and volume salt, water being heavier than fresh, at the 

sufficient to scour the material seaward into beginning of the flood tide the salt water forces 

deep water and into currents passing to the sea. its way under the fresh, thus setting up an erosive 

In some cases the material forming shoals action disturbing the particles in the river bed, 

and bars, being in a condition too hard for the which are removed by the ebb tide. Where the 

scour of water to remove, may have to be entrance to a tidal river is wide, and has 

dredged away in the first instance, after which shallow bights, or areas covered and uncovered 

the natural flow of the river, confined within the at flood and ebb, training banks, or reclamation 

artificial training works, would suffice to prevent banks, may improve the river by directing the 

deposits. The height to which these training volume of the flood in a more defined channel, 

walls arc carried must depend to some extent whereby the flood water may be carried higher 

on local circumstances. Their main object up the river, and the returning ebb water may 

not be dissipated over these bights, 
but may be directed in a better 
channel seawards. In some cases the 
existence of natural bights, or indents, 
in the upper parts of a tidal river, 
and within reach of the tidal range, are 
valuable, as the water collected therein 
comes down to the entrance of the river 
towards the end of the ebb and helps 
the scour at low ebb. Sometimes arti- 
ficial reservoirs are made up-stream to 
collect tidal water at flood tide to 
accomplish this. 

Training a River. An example 
of the successful, training of a river 
is that of the Sulina mouth of the 
Danube [8]. These training works, 
extending a mile from the shore 
line, were carried out beyond the site 
occupied by the bar, and thus con- 
centrated the scour of the current 
right across the bar. The depth of 
water over the bar was thereby 
increased from 10 ft. in 1857 to 20 ft. 
in 1872, and this depth has since been 
maintained. The w T alls were of a tem- 
porary nature to start with, formed by 
an outer row of close piling with two 
inner rows of ordinary piling supporting 
a platform of timber 4 ft. above the sea 
level, with stones deposited on each 
side of the close piling. A solid 
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concrete superstructure 10 ft. wide ultimately 
replaced the timber structure. The concrete 
(formed of one part cement to three parts 
sand and gravel) was deposited in movable 
wooden frames up to the ‘water level. Above 
this the concrete was made of one part cement 
to six parts of sand, gravel and stones. As the 
work progressed seawards, the foundations were 
prepared by divers, and then concrete blocks 
weighing 18 tons were lowered into position and 
their interstices filled with newly- made concrete. 
One other illustration will suffice to show how 
the objects of training works are attained. 

Figure 9 shows the improvement in the River 
Liffey due to training walls. The bar was caused 
by littoral drift. The wall for about half of its 
length is 0 ft. above high-water level, thence 
dropping to high-water level, and then gradually 
sloping to below low-water level. By the 
construction of these walls the velocity of the ebb 
tide was increased from 1} miles to 3 miles per 
hour, and produced an increased depth of 7 ft. 
over the bar in the first thirty years. The whole 
wall was not built above high-water level because, 
if it had been, there would have been a strong 
current bearing sand _ * 

during the first half " ,ct , * 
of the ebb tide, and /yY/ 

this, meeting the op- U 
posing current from t he 

bay, would deposit the s^Vrinu u^edokr 
sand and form a shoal. 

Dredging. If the current, however, fails 
to scour away the bar, dredging has to be 
resorted to. Should the material be very solid, 
such as rock, blasting is necessary to loosen the 
materials, which can then be dredged. 

There are several methods of dredging, which 
may bo classified as follows : 

(1) Bucket dredgers. 

(2) Crab dredgers. 

(3) Eroding and scouring dredgers. 

(4) Pump and suction dredgers. 

(5) Rock-breaking dredgers. 

The illustration [10J, reproduced from 
“ Engineering,” shows a bucket dredger. 

An hydraulic grab dredger is phown in 11. 
This type of dredger is very useful for removing 
gravel or similar material. 

Eroding and Scouring Dredgers. 

Harrows of different descriptions, and also 
specially designed ploughs, have been employed 
with success. They are towed over the bed of 
the river and break up the soft material, which 
is then scoured away by the current. Air and 
water, forced into the silt or fine sand, has 
\ similar effect. Figure 12 shows a method of 
scouring produced by compressed air. The 
float, F, serves the purpose of preventing the 
plough from sinking too far into the mud. 


Pump and RocK-breaKing Dredgers. 

The use of pumps for dredging has been 
successfully employed in various localities. 
The presence of stones, etc., causes a great 
deal of damage to the pumps, consequently 
restricting their use to places where only 
mud, or very fine sand, is to bo found. The 
ball pump was invented to prevent this damage. 
The material, which is received at the centre, 
is brought by a spiral duct into the shell 
of the pump. This duct transforms the motion 
of the material into a rotary one in the same 
direction as the blades of the inner fan. The 
material on passing through the fan leaves 
the blades tangentially. This form of pump is 
distinct from the ordinary centrifugal pump. 

When rocks have to be removed, and where 
it is inadvisable to employ explosives, heavy 
rums, with chisel points, are used. These rams 
pulverise the rock, which is then removed by 
bucket or grab dredgers. 

Excavating Large Canals. In a 
paper on the Panama Canal, read by M. Philippe 
Bunan-Varilla, before the London Society of Ails, 
in January, 1907, some interesting figures were 
given of the uses to which dredgers can be em- 
ployed for the excavation of large quantities 
of material. Until quite recently, when it 
became necessary to excavate vast quantities 
of material for canal purposes, the steam navvy 
has been employed for discharging the ex- 
cavated material into trucks running on rails. 
When it becomes necessary, as for the purpose 
of a canal like the Panama Canal, where the 
country is frequently visited with heavy falls 
of rain and the attendant disorganisation of 
the system of road carriage and excavation on 
land, owing to the washing away of the lines, 
etc., it becomes an important problem whether 
this cannot be done better by water-borne 
dredgers resulting in a great saving of expense. 

In the paper referred to, part is devoted 
to this problem, and it is suggested to cany 
out the construction of the work on the 
lines indicated above. The material, after 
being dredged, is emptied into barges and is 
transported by them into deep water, when by 
opening traps in the bottoms of the barges the 
material is got rid of. It was stated that a 
barge was capable of canying 1,000 cubic yd., 
and that the dredgers were able to excavate 
14,000 cubic yd, per day under the most un- 
favourable conditions. In the excavation for 
the Manchester Ship Canal by the Lobnitz 
process of rock drill, the cost, according to 
Mr. Hunter, was 9d. per cubic yd. The excava- 
tion for the Bitter Lakes of the Suez Canal for 
the purpose of deepening the Canal was carried 
out at a cost of Is. per cubic yd., by means of 
dredgers, without explosives and without in- 
terrupting the traffio. 
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Proposition 50. Theorem 

The angles which any chord of a circle males 
with the tangent at its ex- 
tremity arc equal to the angle* 
in the segments into which the 
chord dickies the circle. 

Lot PQ be a chord of 
the © PAQB, and SPT 
the tangent at P. 

It is required to prove that 

L QPT — L PAQ, in the segment PAQ, 
and L QPS = l PBQ, in the segment PBQ. 

Proof. Produce PB to C. Then PAQB is a 
quadrilateral in a 0. 

l a PAQ, PBQ are supplementary (Prop. 



41). 

But L s PBQ, QBO are supplemental y. 
.iQBO- -PAQ. 

Now, let the ])oint B move up to P. PC will 
then coincide with PT, and the Z.QBC with the 
l QPT. 

QP r r - _ PAQ. 

Again, L s QPS, QPT are supplementary, 
and the lb PAQ, PBQ are supplementary. 
And it has been shown that L QPT — ^.PAQ. 

L QPS = l PBQ. 

Definition. Jf a point P is taken in a 
straight line AB, the point is said to divide AB 
into two segments AP and PB. If the point P 
lies between A and B the line is divided inter- 
nally ; if P lies in AB produced, the lino is 
divided externally. 


Proposition 51. Theorem 

If two straight lines drawn through any point 
P cut a circle in A, B and ft J) respectively , then 
the rectangle AV . PB is equal to the rectangle. 
CP . PI). 

Let ABD be a 0 whose centre is O. Through 



the point P draw any two straight lines cutting 
the © at A, B, C, D. 

It is required to prove that rectangle AP . PB 
= rectanglo CP . PD. 

Proof. Draw OM Jl to AB. Join OP, OB. 
Then OM bisects AB (Prop. 36). 

Now, when P lies within the 0, 

Rectangle AP . PB = (AM-PM) (PM+MB) 
»(BM-PM;(BM+FM) 

~(BM 2 +OM-) - (PM 2 +OM 2 ) 
«= OB 2 - OP 2 

■b square on radius - OP 2 . 


In the same way it can be proved that 
Rectangle OP . PD .-square on radius -OP 2 , 
rectangle AP . PB — rectangle OP . PD. 

Similarly, when P is outside the 0, we get 
Rectangle AP . PB = OP 2 -square on radius 
= rectangle OP . PD. 

(Corollary. In the case when P is outside the 
0, suppose ODP revolves about P ; the point s 
0, D then approach one another until they 
coincide, and ODE' becomes a tangent to the 0. 
The rectangle OP . PI) becomes the square on 
the tangent from P. Hence we have : 

If the tangent to a circle at any point T meets 
a chord AB 'in P, then PT 2 — PA . PB. 

Noth. By a method similar to that of 
Prop. 42 we can prove the converse of Prop. 51 — 
ciz., If when two straight lines A />, (Jl) intersect 
in P. the rectangle. AP . PB — the rectangle 
OP . PI), and the four points A , /> and 0, /) 
arc both on the same or both on opposite sides of P. 
then A, B, ft I) are cov cyclic. 

Again, the converse of t lie above corollary is 
true — r/v., If from a point P in the chord A B a 
straight line PT can he drawn to the. circle so that 
PT 1 — PA . PB , then PT touches the 0 at T. 

For, suppose the 0 cuts the straight line 
PT again at T'. Then PT . PT' - PA . PB 
(Prop. 51) - PT 2 (Hyp.). 

PT — PT', so that T and T' coincide. 

PT is a tangent. 

RATIO AND PROPORTION 

Ratio. Two quantities of (he same kind 
can be expressed in terms of a common unit. 
Suppose the first quantity contains this unit a 
times, and the second contains it b times, then 
the ratiio of the first quantity to the second is 

the fraction (l - . 

b 

The ratio is generally denoted by a ; b. 

a is called the antecedent and b the consequent 
of the ratio. 

Proportion. Four quantities are in pro- 
portion when the ratio of the first to the second 
is equal to the ratio of the third to the fourth. 

Thus, if a is a length of 1 ft. 9 in., b is a 
length of 2 ft. 4 in., r is an area of 6 eq. ft., 
and d is an area of 8 sq. ft., then the ratio 
21 3 

a : b is the fraction or ~ ; the ratio c ; d is 

the fraction — , or ~ . Therefore, since theso 
8 4 

ratios are equal, the four quantities «, c, d 
are in proportion. The proportion is denoted 
by a \ \ c \ d. 

a and d are called the extremes ; b and c are 
called the means. 

d is called a fourth proportional to the threo 
quantities a , b , c. 
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Three quantities are said to be proportionals 
when the ratio of the first to tno second is 
equal to the ratio of the second to the third. 
Tniis, a, h , c are proportionals if a \ b \ \ b \ c. 

c is called a third proportional to a and h. 

b is called a mean proportional between a 
and c. 

Continued Proportion. If any number 
of quantities bo sucli that the latio of the first 
to the second, the ratio of the second to the 
third, the ratio of the third to the fourth, and 
so on, are equal to each other, the quantities 
are fakI to be in continued proportion. 

Thus, quantities in continued proportion are 
also in geometric progression . [See page 3914.] 

Four Proportionals. When a , 6, c, d are 
in proportion, we know that ad — hr. [See 
page 301*5.1 

The following results are also easily obtained : 

(1) h .* a\\d ; c 

( 2 ) a ! c \ \h \ (l 

(3) n 4 - b : b ; ; r + d : d 

(4) a -b \ b\ \ c-d \ d 

(5) a 4- b \ a - b \ \ r 4- d r - d. 

For example, since a l b \\ c d, we have 

a r 


Therefore, 


so that 


i.e.j b \ a \ \ d \ c. 

Again, we know 

i' 1 - 

a-\-b r4-d 
b d ’ 

which gives us (3). In a similar way we obtain 
(4). By dividing the result (3) by (4) we 
obtain (5). 

Division of a Line in a Given Ratio. 

A straight line AB is said to be divided internal! g 

at. C in the ratio a ; 6, 

A c B when AB can be divided 

into a 4- b equal parts, of 
which AC contains n, and CI3 contains b. 

Again, if a > ?.», and AB is divided into a - b 
equal parts, we can produce AB to C so that BC 

- contains b of these 

* B C parts. We then have 

AC : BC '.'.a'.b, and 
AB is said to be divided externally at C in the 
ratio a \ b. Similarly, if a < b and AB is 
divided into b-a equal parts, we can produce 

BA to C so that 

C A Q AC contains a parts. 

We then have 
AC : BC ; a : h , and BA is divided externally 
a(|C in the ratio a \ b . 

Proposition 52. Theorem 
If a straight line is drawn parallel to one side 
of a triangle it cuts the other sides proportionally. 

In the A ABC let the straight line PQ be 
drawn || to BC, cutting AB in P and AC in Q. 

It is required to prove that 

ap : pb : : aq : qc. 

Proof, Suppose that AP : PB \\a\b. Then, 
if AP is divided into a equal parts, PB can be 



divided into b of such equal parts. Through 
all the points of division draw straight lines 

|| to BC. 

Then, AQ 
will be di- 
vided into a 
oqual parts, 
and QC will 
bo divided 
into b of such 
equal parts ; 
that is, 

aq : qc : : a : b. 
ap : pb : : aq : qc. 

Proposition 53. Theorem 

If a straight line cuts two sides of a triangle 
proportionally , it is parallel to 
the third side. 

Let a straight line cut the 
Rides AB, AC of the A ABC 
in P and Q so that 

ap : pb : : aq : qc. 

It is required to prove that 
PQ is |i to BC. 



Proof. 

Then 

But 


Draw PR j to BC, cutting AC in R. 


AP 
AP 
.’. AR 
All 4- RC 
AC 


PB 

PB 

RC 

Alt 

AR 


AR 
AQ 
AQ 
AQ4- QC 
AC : AQ. 


RC (Prop. 52). 
QC (Hyp.). 

QC. 

AQ; 


AR=AQ. 

Q and R coincide, and PQ is 1| to BC. 

Corollary. If AB ; AP ; ; AC *. AQ, then PQ 
is || BC. 

Proposition 54. Theorem 

If an angle of a triangle is bisected , internally 
or externally , by a straight line which cuts the 
opposite side, or that side produced , the ratio of 
the segments of that side is equal to the ratio of 
the other sides of the triangle. 



Let the Z.BAC of the A ABC be bisected by 
AD, internally in the first figure, and externally 
in the second— i.e., in the second case let AD 
bisect the exterior Z.FAC. 

It is required to prove that 

bd : dc ; : ba : ac. 

Proof. Through C draw CE || to DA, cutting 
BA produced, or BA, in E. 

Then, since DA is || to CE, and CA meets 
them, , 

z.DAC = L ACE ; 
and, since AE meets the ||s, 

Z.DAF- l CEA. 

Bat l DAC = l DAF (Hyp,), 

z. ACE = Z.CEA. 

/. AE - AC. 

Also, since AD is || to one side of the A BCE 

/. bd : dc : : ba : ae. 
bd : dc : : ba : ac. 


Continued 
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By W. S. MURPHY 


Y77E have reached the stage where the 
” materials and manufacture of all kinds of 
saddles may be considered. Figures 14 to 18 
illustrate many of the operations in making 
saddles, the photographs having been taken in 
the works of Messrs. Middlemore & Lamp high, 
Birmingham. The ironmongery required com- 
prises saddletrees, stirrups, tcrrcts, buckles, 
mi its, and other small ware. 

Cutting Out. The sizes and forms of 
saddles vary a good deal, and we cut them to 
pattern, grading to size. The main parts of 
each kind of saddle are as follow: 

Jtidimj Saddles. Scat, skirts, Haps, panels, 
stirrup leathers, gullet piece, welts, and 
trimmings. Textile parts : Webbing and linings 
of various kinds. 

Cart Saddles. Panels, panel covers, flaps, 
housings, girths. 

Van Saddles. Flaps, panels, top covers, 
girths, straps. 

The Saddler’s Masterpiece. Every- 
one knows that the riding saddle is the finest 
product of the craft. 

To make a saddle that 
will be comfortable for 
both horse and rider 
and at the same time 
look well and wear well 
is no mean achievement. 

Fashion has a good deal 
to say in regard to the 
shape and appearance of 
saddles, and we there- 
fore have a number of 
shapes. Some riders like 
a fore part, or gullet, 
low, and others want it 
high and slanting well 
towards the seat ; some 
wish the seat broad and flat at the back, and 
others must have the cantle high and pointed. 
Wo have to adopt several styles and classes of 
covering, too. This does not refer to imitation 
instead of real hogskin, and other cheap devices. 
Tn all those we refer to, the seat is of hogskin ; 
but some may be made with flaps and skirts of 
plain leather, others with skirts of hogskin and 
flaps of plain leather ; kneecaps may bo wanted 
or disliked ; and it is seldom nowadays that an 
ordinary saddler is requested to make a saddle 
that is all hogskin from seat to kneecap. Most 
common is the saddle with the hogskin seat, 
plain leather skirts and flaps, without kneecaps, 
and this we shall build up bit by bit 
Saddletree. Consisting of pommel, or 
gullet, oantle, or back, saddle bars, and stirrup 
bars, the saddletree forms the frame of the 


saddle. Tn choosing it, regard must be paid 
to the size and breadth of the horse ; a saddle- 
tree too narrow for the horse will produce 
discomfort and injury, with consequent trouble 
for the saddler. 

Foundation. Having stretched three 
lengths of good webbing, take the first- piece 
and nail it in two lengths from saddle bar to 
cantle to form a triangular belt ; stretch the 
second piece across and nail it down, leaving a 
large piece hanging free ; the third bit, which 
may be of inferior quality, is nailed close to the 
first webbing, and joined by sewing. Cover all 
over with two pieces of linen and tack down 
tightly. Make two pads of basil leather stuffed 
with flock, and nail to the edge of the free, from 
the cantle forward. With white serge cover 
the seat all over, nailing and stitching down 
to the shape of the seat. Make a hole in the 
serge covering at the centre ; secure it from 
unravelling by waxing the sides of the cut ; 
then stuff with flock, stuffing through the hole 
till all is firm and even ; next close up the hole. 

Seat and SKirt9. 
Damp the fine bit of 
hogskin cut for the seat, 
and nail it oil the saddle- 
tree, in such a way that 
the nail marks will not 
be visible. Shape it, and 
pull back over the cantle, 
reducing the wrinkles to 
two one on each side. 
Leave the scat- to dry. 

Trim the skirt leathers. 
Sew on to the under sides 
pieces of lined leather to 
connect the skirts with 
the saddletree. (.'over 
over both skirts with 
hogskin, stitching down with tine yellow' silk. 
The seat is dry by this time. Shave it all 
round with a slight skive. Put skirts ami seat 
together, and mark for sewing. Stitch a welt 
on each of the skirts ; then sew skirts, welts, 
and seat together. Preparatory to adjusting 
the seat, the projecting points of tho tree bofore 
the saddle bars must be covered with thin 
hogskin or basil. Make the seat damp, adjust 
it and the flaps on the saddletree, and nail down 
at tlie front ; nail down tho side pieces we 
joined to the skirts, and see that the saddle is 
kept straight. Pull the leather and the web 
straps forming the foundation over together, 
and nail them on to the saddletree. 

Flaps. Line the flaps with serge and 
form the pads. Lay the flap on its place under 
tho skirt on tho saddletree, mark the points to 
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be cut, and make the nicks required. Fasten 
each flap in position, so that the pads may come 
loose under the, corners of the skirts. Run a 
few stitches through the web and side piece ; 
drive a nail through the fore part into the 
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saddletree, and another in the tree at the back ; 
slant both nails and clinch them. 

Pommel* The gullet, like Mrs. Hubbard's 
cupboard, is bare, and to cover it we form a 
gullet -piece out of a plain bit of leather the 
length of the pommel and an inch wide, and a 
bit of liogskin slightly wider. Make these 
into a binding by joining them together over 
a cord and fasten the binding over the pommel. 
Join to the points of the flaps by driving silver 
staples, one leg through the gullet-piece and 
the other through the flap point, right to the 
nock in the saddletree. Conceal the joint of 
the gullet-piece, or pommel cover, with the 
flaps by pasting neatly over each join a piece of 
liogskin, skived away at the sides to make an 
apparently flat surface. 

Girth Straps. Cut six straps 13 in. by 
1 in. and crease in the usual w^ay. Fold back 
tho web and leather we left hanging, and sew 
two straps on each side, nailing the other t wo, 
one on each side, to the saddletree. Make two 
peaked flaps, called underskirts, and nail ono 
on each side under the girth straps. 

To finish off the body of tho saddle w f o must 
put in a little bit of leather here and drive a nail 
through there, in ways which are obvious in 
practice, but rather too minute to describe. 

Panels. Mark carefully the lines of the 
panel on both sides, and trim to size. Paste on 
the top lining, and let dry. Lay on the under- 
lining of serge, large enough to allow for stuffing, 
and tack it on ; sow right round and stuff. 
Quilt the lining. Mark lines across the panel 
flaps, and quilt over. On the fore ends of tho 
l^mel two pockets are made for the points of the 
tree. When setting, push the points well into 
the pockets ; tack the panel close around the 
front of the pommel ; drive tw’O tacks in between 
the points of the crupper loop at the end of the 
saddle. In addition, put three nails through 
on each side ; one about 8 in, from the cantle 
end, one about the middle and one at the front. 

Stirrup Leathers* Saddles without 
stirrups are incomplete. No new or special 
method is involved in the making of these; 
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they arc simply heavy straps designed to hold 
the stirrup irons. Unlike most straps, the stirrup 
leathers are worn flesh side outw r ards, and this 
has to be remembered when creasing and bend- 
ing tho buckle chape. The buckle is simply 
sewn into tnc thick end of the strap, and the 
holes are punched. Thread the strap through 
the stirrup iron, and hang on the stirrup bars 
on the saddletree. On the last, inventors have 
exercised their ingenuity to find a strong iron 
which would allow the stirrups to go when the 
rider happened to fall off. Many a rider who 
has lost his seat would have come off scatheless 
but for the drag of the stirrup in which his foot 
has become entangled. 

Cart Saddletree. Various forms of cart 
saddletree have been made, but in main lines 
there is very little difference between them. 
You have always the curved double back with 
the two boards fixed flat under it. On this 
skeleton we have to build our saddle. 

Panel. Cut the panel J in. longer than 
the boards, and 2 in. wider than the central 
width. Make both sides alike, and whip together, 
cutting an inward slant on tho fore part. 
Smooth down the stitches, and lay under the 
saddletree ; mark where the centre of each 
board touches the panel ; on the marks sew a 
tag of leather for nailing on to the boards at 
tho proper time. 

Lining. Cut and shape a lining of strong 
woollen check cloth to both undersides of the 
paSel ; stitch on to the lining the leather basil 
facing for the panel ; sew both on to the panel. 
Slit the lining in the centre of the panel. Draw 
a line on both sides, beginning about 1J in. 
from the centre join of the panel and running 
out to 2 in. wide at the front. Tack the lining 
underneath, keeping the slit in the centre. 
Put a bound wisp of straw 9 in. long in the 
centre across the gullet, and after drawing the 
basil facing back on the marked lines, stitch 
the wisp firmly from above. Stitch the lining 



16. MACHINE SEWING SADDLE FLAPS 


on to the panel along the lines markedjrteaving 
an opening in the centre. 

Stuffing* Lay the panel on the bench, 
with the lining uppermost, and nail the comets. 
Now stuff the straw regularly in through the 
slit on the lining. When fairly tight, level down, 
and make a space evenly between the lining 
and the stuffing. Into this tfiPhst a layer of 
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flock, and level down the whole pad. Do the 
same on the other side and so make the panel 
complete. 

Crupper Dock. To join the crupper to 
the saddle, wo must have some kind of link. A 
simple, though not very satisfactory, device 
is the nailing of a strong belt on the centre of 
the saddletree. This necessitates a buckle on 
the crupper, while the dock needs only the 
crupper put round it. Make the dock four 
plies of leather, sewn into one over two tinned 
rings, two plies, of course, going on each side of 
the lings. Bend the dock so as to point the 
ends on to the saddletree boards. Into the 
boards drive two staples, one oil each ring, and 
clink the dock to the saddle. 

Flaps. Cut the flaps A in. deep and 1 in. 
longer than the boards. Measure on t lie- 
saddletree for the openings to Jet through the 
two girth straps ; cut out the openings ; edge 
all the sides and edges of the flaps, and race 
three lines round the sides. Make the fore 
girth 4 ft. 10 in. long, and the back girth 5 ft. 
2 in. ; edge, race*, crease, black, and polish ; 
turn down the chapes ; stitch in the buckles, 
and form the loops, adding two running loops. 
Set the flap now in position, and tack each end 
on the board ; run the girths into the openings 
left for them ; nail flaps and girths down on to 
the boards. • 

We are slowly building up our cart saddle. 
The flaps, girths, and dock are in position, and 
now comes the turn of the panel, until its needful 
pads. Having placed the panel, nail the tabs 
which were sewn on the panel sides, front and 
back, lirnily on to the boards. 

Housings. Simple as the housings appear, 
mere covers for the top sides of the saddletree, 
the man who is careless with them always comes 
to grief. Cut both to lie the full length over 
across the saddletree, and between 5 in. to 7 in. 
broad. The back housing should be bulged 
out to the middle in shape, while the front one 
may be curved inwards on the outer edge and 
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must be straight to lie close to the ridge in the 
middle at the inner side. Nail both down on 
the saddletree in the centre ; then pull out to 
the sides, and tack down so that the surfaces 
will be smooth and firm. Drive in nails all 
round, about 2 in. apart, keeping the edges 
flush with the edges of the saddletree. Stitch 
down at the four corners on the flaps ; ornament 


with either brass beading or fine leather held on 
by fancy nails. 

Van Saddles. Though the saddletree of 
the van saddle is almost a miniature copy of the 
cart saddletree, the making of the saddles must 
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be learned separately. No man,, after having 
been taught to make a cart saddle only, could 
undertake a van saddle. If he did, he would 
either show marvellous cleverness, if successful, 
or come to grief. 

Saddletree. As a rule, saddletrees have 
to be trimmed a little ; carefully shave to size. 
Fix the places for the bearing-rein, stand hook, 
and torrets, and bring the sockets down flush 
with the surface of the tree. For a covering of 
the saddletree, cut the pieces of thin leather 
selected for the purpose when gathering and 
cutting out the stuff ; shape them to the sides 
of the tree, an inch overlapping all round. 
Lay on the saddletree, and into each make cuts 
the depth of the projecting boards, so that they 
will fold under the centre piece. Damp them ; 
tack each end of the side pieces close to the 
board, and stretch \ T ery tightly over the whole 
surface ; fasten with tacks here and there ; 
pull the centre part well under the tree, and fix 
firmly with nails. 

Flaps. The flaps should be made to fit 
the tree a few inches above the end of the 
centre groove, and the length may be about 
15 in. Shape the pieces of patent or plain 
leather to the patterns, and note that they are 
right and left. This is important, for the 
fore side is rounded wider than the back. Race 
the lines for stitching on the lining; stitch a 
double row round. Clear the edges with the 
edge tool, and polish ; then join with a stitch 
at the top. Cover tho joint front and back 
with a strip of leather, stitched on both sides 
and at the front. Put the tree exactly in position 
on the flaps, and mark for further operations. 
Indicate the width of the boards and the breadth 
of the saddletree on both sides. Lift off the 
tree, and slit the leather according to the lines. 
Now we are ready to fasten flaps and saddletree 
together. Make the centre slit meet the centre 
of the tree ; nail the flaps along the sides of the 
tree, as close as possible ; carefully adjust over 
the boards, and nail down. 

Top Cover. Cut the top cover out of a 
piece of strong leather. Make it tho same size 
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as the tree in width, and leave 2,} i$. from the 
bottom, to allow space for the back band. 
Crease across both ends, and bevel with the 
heated bevel iron. Sew two rows across the 
points. But we must not smother the socket 
of the standhooks and tenets we put in not 
long ago. Place the top cover in position on the 
tree, and lightly tap it down with the mallet, 
thus imprinting the holes on the leather. Cut 
out the holes ; then 
nail the cover on the 
tree, driving a strong 
nail into each corner. 

Run the beading along 
both sides of the top 
and through under the 
boards of the tree ; 
taek on to the under- 
side of the boards. 

Panels. Shape the 
body of the panel to 
about the same size as 
the flaps. Cut out of 
the same leather as the 
flaps a facing 1$ in. 
wide ; tack it round the 
sides of the panel. 

Measure and cut the serge lining, and whip it to 
the inner side of the facing and to the bottom of 
the panel. Stuff the lining with carded flock, 
keeping it smooth and even. To make the sides 
of the panel stand out flat, till up the inside of 
the facing with a thick cord or stiff wisp of 
straw right along. Rule lines 1£ in. apart on 
the panel, and stitch along the lines, making a 
quilting. Place the panel of the tree, and tack 
it in position. Having prepared some wires 
G in. long, pierce holes with a bent awl in the 
flap ; pierce holes corre- 
sponding in the panel ; 
draw the wire tightly 
through the holes, pull- 
ing flap and panel to- 
gether ; with the pincers 
twist the two ends of 
the wire ; cut off the 
long ends, and thrust 
the knot into the hollow 
of the facing. Repeat 
<Bs till the panel is 
fully sec ured. This work 
is also done by machine 

[19]. 

Make the straps and 
girths in the way before 
directed, and sew on to the bottoms of the flaps, 
the girth on the off-side, and the strap on the 
n&ar side, 

Saddles for gig, four-wlieeler, and hansom, 
are built on the same principles, though the gig 
and four-wheeler saddles are simpler, and that 
for the hansom is lighter. * 

Accessories. Of the group of articles 
which we may designate accessories there is not 
much to bo said. 

Breastplate. Used for preventing the saddle 
from slipping back cm the haunches, the breast- 
Saddlery and Harness concluded 
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plate consists of long side straps, bound over at 
the top by the neck strap, two short straps to be 
looped to the saddle, and a girth strap extending 
from the V- joint of the side straps between the 
horse’s fore le|s to the girth. 

Martingale . This is a simpler breastplate, 
the body generally being made round, lying on 
the horse’s neck like a hoop. 

Saddle Girths. Girths are broad bands buckled 
round the belly of the 
horse to keep the saddle 
in position. They may 
bo made of wool, mixed 
wool and cotton, leather 
lacing, and other mate- 
rials, with leather ends 
and good buckles. 

Saddle - cloths. Gene- 
rally made of fine felt, 
the saddle - cloths are 
shaped to form a wide 
margin round the saddle, 
and bound with tape. 
They are meant to pro- 
tect the back of the 
horse, and absorb sweat. 
Head Collars. Various 
shapes of head collar are made ; but none of 
them present any difficulty. The main principle 
of all forms is to combine headband, noseband, 
cheeks, throat lash, and chin -straps, in such aw r ay 
as to make them easy to fit and put off and on, 
wh iK? keeping secure on the head of a restive horse. 

Tags. On the tugs the weight and strain of 
shafts and traces impose a heavy burden. Most 
important and representative is the shaft tug for 
van or cab. Cut a strip of strong leather about 
2 in. broad, shave and edge it, then overlap 
4J in. ; knock together, 
and make a hole through 
both leathers. Insert 
the buckle and brass 
loop, and stitch firmly 
the overlap. Pack 
tightly with hard sole 
leather, always keeping 
to shape. Put four rows 
of stitching through the 
whole body, leaving a 
space for the loop to be 
set in. Make the loop, 
and stitch in. Finish in 
the usual way. 

Miscellaneous. There 
arc a good many articles 
which the saddler and harness-maker must learn 
to make from mere practical experience. Knee- 
caps, fetlock boots, false collars, and horse 
clothing involve little that is new. 

Machinery* We have touched but lightly 
on this side of the trade because the machine 
must always be merely the auxiliary of the 
craftsman in our work. The sewing machine is 
the chief mechanical operator with us, and it 
certainly saves a great deal of labour. Saddlers 
also make other items, such as bags, purses, 
portmanteaus [20], letter cases, kit bags. 
followed by Glove Manufacture 
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SPORTING GOODS DEALERS 

It is certain that the trade in articles requisite for 
the pursuit of sports is increasing. The object of this 
article is to show how a trade in such requisites may 
be done and the way to do it. Other articles in this 
section have dealt with Fishing-tackle Dealers [page 
2524], and Gun and Ammunition Dealers [page 3140 }, 
so that it is unnecessary to refer to these here. 

Idiosyncrasies of the Trade. It must 
not be imagined that the selling of goods required 
for English sports and games is a simple matter; it 
is far from that. As a matter of fact, it is not generally 
carried on alone. More often than not it is an auxili- 
ary to the business of a hair-dresser, a saddler, 
a tobacconist, or an ironmonger. For it must not 
be forgotten that there is a dead season in outdoor 
sport, and it is therefore almost imperative for any- 
one undertaking the business in sporting goods alone 
to endeavour to work up a trade in indoor games of 
all kinds as well. Moreover, there are in all the big 
towns and cities the departmental stores, with their 
sjKjrts departments, <o compete against. Then, again, 
tho professional cricketer, or the professional golfer, 
who manufactures his own bats, or his own golf 
clubs, is a formidable rival. It is absolutely 
necessary that the man who desires to make a success 
of the business must know not only one game 
thoroughly, but every other game weil. He must 
know not- only how to play football, tennis, cricket, 
croquet, hockey, etc., but ho should be conversant 
with the laws of all the games. If he is an oxi>ert 
at cricket or golf, so much the better, but at least 
he should be a safe man to consult regarding regu- 
lations,’ and naturally he would make it his business 
to know all that is going on in the world of sport 
covered by his trade. 

The Practical Training. Even with all the 
attributes mentioned, actual experience in the com- 
merce of the goods is necessary. This is not learnt- 
in the playing fields, or in the actual workshops 
where the goods are made. It is seldom that a man 
from tho factory starts in business on his own 
account. Sometimes a professional footballer,' 
cricketer, or golfer may give up the field for the 
road and get a position as traveller for a large whole : 
saler or manufacturer of sporting goods. Such a 
man may obtain sufficient insight into the intricacies 
of the business to justify him in starting on 
his own aocount. The best experience is to be 
obtained by going as a youth into a big wholesale 
and manufacturing business which does a miscel- 
laneous trade in goods for outdoor and indoor 
games, and “ working up.’* There is no recognised 
apprenticeship system in the trade, and tho youth 
who goes as errand boy has the same opportunity, 
provided he has equal intelligence, as the youth 
whose father can pay a premium for his experience. 
Failing the possibility of such a training, the 
business may be efficiently absorbed by tho alert 
youth in the sports department of a large stores. 

Utilising the Training. The buyer of 
sporting goods for the department of a large stores 
« a position worth trying for. In some of these 
departments they specialise in tennis, hockey, 


cricket, and so on; and if the buyer knows all 
there is to bo known about footballs, for instance, 
he may make a reputation for his house as the 
house for footballs. But many young men prefer 
a more independent line, and hanker after businesses 
of their own. So one with a genuine love of sports, 
a good all-round experience, and a fair share of 
business acumen, who lias a capital of at least 
£200, would look around, in the country towns 
more particularly, for a desirable opening. There 
are few country towns or even villages nowadays 
that have not one, or several, cricket, football, or 
golf clubs. Ladies’ schools and seminaries abound, 
as well as boys’ schools and training colleges, and 
these prov ide prospective customers. Hockey, tennis, 
lacrosse, and even cricket are as much a necessary 
part of the modern girl’s school education as 
modern languages. 

The Shop. In the matter of decoration and 
display, the establishment of the dealer in sporting 
goods need not he elaborate. This means that the 
size of the shop and the choice of the fittings are 
secondary considerations. The main things arc 
the locality, the soundness of the stock, and, 
above all, the knowledge of the shopkeeper. A 
small shop, therefore (costing probably in a small 
country town not more than £30 to £40 a year rent, 
with living rooms attached), would bo simply fitted 
with a few shelves and racks, a counter, lighting 
supply, and perhaps a glass wall case, the whole 
fixtures not costing more than £30 all told. A know- 
ledge of manufacturing and mending is, of course, 
extremely useful, blit this department is not 
actually necessary for a beginner, who can get 
all he requires done in that way by the rogular 
recognised factories. 

The First Stock. The, choice of an opening 
stock must be determined by the needs of the 
neighbourhood, primarily, but it must a Iso be general. 
In any case, it need not necessarily he large, hut it 
ought’ to bo varied. In the following table an 
attempt is made to give an approximate idea of the 
articles required, tho quantities, the cost, and the 
gelling prices. Tho prices given must, however, 
bo distinctly taken as relative, and the man’s 
experience will enable him to gauge the potentialities 
of the neighbourhood, so that tho list given on the 
following page may be varied without increasing tho 
outlay — about £70. 

As will be noticed, the list deals only with the 
better-known and more popular outdoor games, 
and the selection may be regarded as repre- 
sentative of what an owning stock ought to include. 
It may be possible to buy cheaper and to sell dearer 
than the prices given, but these may be looked 
upon as fair average all round. 

Peculiarities of the Stock. There are 
certain articles with which care must be taken in 
storage. A temperature below 32° F. will ruin good 
tennis balls, and billiard cues — of which more here- 
after — will warp if not kept free from damp or if 
exposed to excessive heat. Tennis is very popular, and 
badminton is increasing in publio favour an iually. 
There are special manufacturers of known repute 
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boards, backgammon sets, dice 
and dice-cups, playing cards, card 
counters, ping-pong sets, “ Ascot ” 
sets; and there are innumerable 
varieties of things like table bowls, 
table croquet, and variants on all 
kinds of outdoor games he might 
stock. A judicious outlay of £10 
or £15 on the ingenious and 
amusing indoor games that are 
invented ©Very year, and keep 
winter parties in good humour 
would well repay the careful 
buyer and would keep the dead 
season alive. As a matter of fact, 
just before Christinas is a favour- 
able time for the beginner to open 
his shop, provided he can make a 
good display of inexpensive but 
in each branch of the trade, so that the man alluring parlour games such as “ Tiddledy Winks,” 

who knows his business will be able to choose the “ Go-bang,” “ Aunt Sally,” “ Ludo,” “ Puff and 

proper make of tennis racquet, football, badminton Bart,” and so on. These things get the new man 

bat and so forth, und be able to expatiate on the acquainted with the young people, and it is the 

points of the article he is selling. Complete sets for younger generation which, after all, keeps the out- 

badminton comprising bats, net with portable poles, door games a-going when the summer comes again, 
shuttlecocks, etc., may be had to retail at from The “Arts/* Athletics and Other 
los. to 45 s. per set. They show a profit of fully Adjuncts. It may be that devotees of the “noble 

25 per cent. Croquet is again coming much into art ,T reside in the neighbourhood, and a pair or 

fashion, and hockey is something of a rage at the two of boxing-gloves would be attractive. Or the 

moment with both men and women. Golf is usually military instinct may be prevalent, and a few 

n lean trade for the general dealer in sporting goods. fencing foils, fencing 'masks, gloves and gauntlets, 

The professionals at the club-houses do it all, see- single-sticks and single-stick helmets would not 

'ing that more often than not each pro. has his own look amiss. Indian clubs are seldom out of 

make of club which he recommends to learners and place, and the physical culture craze has created a 

to players alike. As for golf balls, their name considerable demand for spring-grip dumb-bells, 

is legion. The rubber-cored ball in its many punching balls, exercisers, and developers, and such 

varieties is generally regarded as the favourite, things as those, small stocks of which might bo kept. 

t nd a judicious selection is necessary, as a largo If schools are a feature of the locality apparatus for 

took is costly. Bowls is a difficult business to calisthenics and musical drill might be requisite, 

foster, but it is very popular in some parts of the while the time-honoured pastimes of childhood, like 

country, particularly in Scotland. If there is any glass marbles, humming tops, skipping-ropes, peg- 

bowling club in the vicinity it might be diplomatic tops, teetotums, whipping-tops, and battledore and 

for the shopkeeper to join it. if possible, and to lay shuttlecock should never be lost sight of. An outlay 

in a stock of two or three pairs of bowls for show of £5 in such miscellaneous things will make a show 

purposes. But it is important that he should see that that will give delight to the youth of the neighbour- 

each bowl bears the official stamp of either the hood. There are, of course, many other lines which 

Scottish or the English Bowling Association. the dealer may develop as the business grows and 

Cricket appals mainly to the younger portion of should there be a demand. Games like quoits and 

the community, therefore the stock of bats should skittles are popular in some districts, while other 

include an assortment varying in size and quality, neighbourhoods, or the vicinity of a military garrison, 

so that nil nges, from the schoolboy to the full-grown may induce the stocking of all the requisites for 

Oxford graduate, may be suited. It is not polo. Archery has a vogue in some parts of the 

advisable to stock stumps largely : they usually country, but its popularity appears somewhat 

last a long time and do not get lost like balls, spasmodic and confined to enthusiasts, 
or broken like bata One or two junior -seta should Attracting Trade, and the Reward, 

not be overlooked m ordering. It might bo The persona i element is the strong point, and the 

advisable to stock a few pairs of wicket- keeping young man should endeavour to become associated 

gloves, leg-guards and batting-gloves, provided the with as many of the local clubs as possible, 

neighbourhood is a cricketing resort, but it should Immediately after opening he should issue a 

lie borne m mind that these goods are particularly trade catalogue, and his catalogue should always 
liable to become shop-soiled. In footballs the fi e a feature of the local sporting haunts. Large 

^io. o Association pattern is most generally sold. manufacturers of sporting goods, such as 

1 Indoor Games. There are many indoor John Jaques & Son, Ltd., of Hatton Garden, 

sports to be catered for, and as it is assumed that London, supply excellent and comprehensive, cata- 

our young enthusiast is eager to make his field of logues, with the name and address of their customers 

action as comprehensive as possible, he might lay in printed on the covers, for only a nominal sum. 

a few billiard cues and billiard balls. Half a dozen With regard to profits, it may be taken as a general 

cues, retailing at anything from 2s. Od. upwards, rule that the average profit on the turnover comes 

would suffice, and two or three sets of balls. Then he out at from 25 per cent, to 30 per cent. The out- 

might have half a dozen sets of chessmen of different lay is not great, there is little risk of deterioration 

patterns and qualities to retail at from 2s. 6d. to of stock if ordinary oare be taken, and the wording 

12s. ; the ten-guinea ivory sets would not be expenses at first need not cost more than 5s. oi 0s. 

advisable at firs*. He might likewise provide a a week, for a boy to keep things tidy and 

few sets of dominoes, draughts and draught- to run errands. 
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STATIONERS 

The business of a stationer may be called one of 
the allied trades, because it is usually second in the 
trio of bookseller, stationer and newsagent. In 
fact, we find it associated with quito a variety of 
businesses, and it is a general opinion that anyone 
can be a stationer. If by stationer is meant 
handing across the counter a box of pens or a packet 
of note paper and envelopes, then to a certain 
extent this is true. The real stationery business, 
however, is separate and distinct from all others, 
and requires a thorough, special training. 

Apprenticeship. The term of apprentice- 
ship is five years, and the pay usually begins at 3s. 
a week with an annual increase of two shillings a 
week. Of course, this may vary in some houses, 
but that may be taken as an average. To obtain 
a thorough training the novice should enter some 
good wholesale house where he will get a know- 
ledge of all the departments and be initiated into 
the mysteries of the various sizes and qualities of 
papers, learn the trade terms, and be taught the 
difference, say, between a retree and a perfect, a 
hand-made and a mill finished, and be taught to 
distinguish between the tub-sized and ordinary 
engine-sized papers. Here, also, the apprentice 
acquires a knowledge of the size and bindings of 
business books which will stand him in good stead 
afterwards. He would further be trained to a know- 
ledge of the sizes and qualities of envelopes and 
taught how to parcel and keep stock. Tf the young 
stationer intends starting business himself an addi- 
tional term of service in a retail business would bo 
advisable. When his apprenticeship is finished the 
young journeyman would begin with a salary of some- 
thing like £00 a year, which would he increased as 
experience was gained and adaptability shown. 

Stationery. The term stationery is a very 
wide one, and includes anything from the modest 
notebook to the magnificent Kussia-boimd ledger 
which finds a resting-place on the desks of our 
great banks and commercial houses ; or from the 
school pen and pencil to the beautifully and 
expensively-mounted fountain pen. In fact, the 
articles sold by the stationer are so many and varied 
that in these days of specialising various and 
separate businesses have been evolved. Thus we 
have law stationers, scholastic stationers, grocers’ 
stationers, and commercial stationers, together 
with artists’ stationers, etc. As the bulk of the 
business effected by these firms — “ bagmen ” they 
are called — is the result of canvassing, it follows 
that the choice of a site for shop, office, or ware- 
house is not of paramount importance ; nor need 
the stock be heavy — business to a large extent 
1 being done on commission. To keep any of these 
businesses going, travellers require to be con- 
tinually on the road. Prices as a rule arc closely 
cut, and competition is keen. 

The General Stationer. The man known 
as the commercial and tenoral stationer conducts 
bis business on slightly different lines, and is to a 
largo extent dependeut on the position and 
appearance of his business premises. It would be 
well, therefore, to select a shop in a good business 
thoroughfare ; and the shops of first class stationers 
arc usually found in the best parts of all towns 
and cities. Generally, it is an old business which 
has come into the market that is acquired — as new 
businesses either in this line or that of its intimate 
associate, bookselling, are by no means numerous. 

As the beginner would require to provide for mostly 
or rather more than, the departments enumerated 
above, a sum of £ 600 to £600 at least would be 
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required fairly to start him in business. If he is 
a total stranger to the place it might be well for 
him to allow himself to lie guided to some extent 
by the representative of some good wholesale houso 
who has a knowledge of the requirements of the 
district. Of course, we say “ to some extent,” as 
while it is well to cultivate mutual trust and good 
relations between buyer and seller, it is a mistake 
to be too confiding. It may, however, be taken for 
granted that the representatives of first-class houses 
— and we are shaking only of such — do not like 
to see the parcel they sold still resting on the 
shelves when calling for repeat orders. It would be 
well also to continue the services of former assistants, 
who would not only advise as to the wants of the 
district, but know the former customers aud how 
to deal with their various idiosyncrasies. A sum 
of money is usually paid for “ goodwill,” but if tho 
incomer takes over the whole stock at a valuation this 
should not be large, as he is sinking a good deal of 
money in goods which it will be difficult to realise. 

Profits. The beginner will be told that he 
will make a profit of from 25 to 30 per cent, on tho 
” turnover,” and ho enters on his new business with 
rose-coloured dreams of quickly amassing a fortune. 
He will not bo long in business, however, before 
he finds out that he has got to modify his ideas 
on that score very considerably, and he will have 
to be content with something a good deal less than 
half the lowest sum named. If he is ambitious 
of doing a big business ami goes in for estimating, 
he will ne fortunate — if he does the work honestly, 
and we presume lu* will — if he lifts the order with 
a margin which will leave him a clear profit on the 
transaction. Here, as in every other business, it is 
exjjcrioncc that tells. 

Some articles in the stationery trade have for 
some time been so keenly cut by certain traders 
that, they could only be bandied at a loss in any 
attempt at competition. This led recently to the 
formation of what is called a Proprietary Articles 
Protection Association, composed of stationers, 
wholesalers, and manufacturers, under which ail 
arrangement has been come to whereby certain 
specified articles supplied by the members of the 
association shall not be sold below a given price, 
thus allowing a fair working margin of profit to the 
retailer who handles the articles. 

Shop Arrangement. Goods should be 
arranged methodically : octavos of foolseajw, posts, 
large posts, and mediums by themselves : cpiartos 
of the various sizes by themselves. Business 
books should Ini similarly treated. A few glass 
cases are a decided advantage, and add to the 
appearance of the premises. In those, the finer 
bindings and “ West-end books,” and a few of 
the more expensive inkstands and stationery cases 
can be shown. Notepapcr and business papers 
should also be arranged according to quality and 
size. The various pnpeteries and mourning 
stationery should have their own place. In fact, 
the stock should be depart inented — those articles 
most in demand nearest to hand, and everything 
arranged so that the shopkeeper may be able to 
find a given article even in the dark. The employer 
should insist on each department being kept tidy — 
with someone responsible for it, and should on no 
account tolerate broken parcels. As most notepa per 
and envelopes may now be had boxed, it is not 
difficult to follow those directions. 

All goods coming in should be immediately un- 
packed, checked with invoice, and carefully marked 
with cost price in private mark and selling prices in 
plain figures. Of course, it is a matter of no moment 
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whether the selling price should 1)6 marked in 
private or plain figures, but most buyers prefer 
to be able to see for themselves the price of the 
article they are purchasing. The goods should 
be carefully assorted in the stock-room and the 
front shop replenished when necessary, care always 
being taken that those goods which are in daily 
demand shall not be allowed to run out. It is 
always good policy to see that one parcel of any 
given article shall always be left in the stock- 
room. 

The Windows. The windows ought always 
to be clean and attractive, and changed often. A 
good idea is every now and then to have what is 
called a “ one-article window.” This, for instance, 
might take the form of an effective display of 
papeterie in various sizes, with the stationer’s own 
name and address printed on them. These should 
always be of good material and extra value. As he 
has a permanent advertisement in the boxes he 
should be content with a very small margin of profit. 
Tf the contents of the papeterie please his customers 
the chances are that he will not only have refieat 
orders, but have the satisfaction of selling other 
goods as well. Make a point of discarding cheap 
and nasty stuff and of supplying only the best 
value possible. This is the best way to keep on 
good relations with customers and to build up a 
business on a sound and solid basis. Allow your 
name to appear cn nothing thut is not really first 
class. The advertisement is permanent whether 
for good or evil. 

Oil another occasion the stationer may make a 
show of business books. If, for instance, he has 
secured a specially good order for a set of business 
hooks from some large firm, he may put them in 
the window for a day or two, taking care that the 
titles of the books and the name of the customer 
for whom the order is being executed are not 
exjKJsed to the public. 

Fountain Pens and Typewriters. 

Then, again, in fountain pens there is i. large and 
ever increasing business being done. These, as 
a rule, afford a fair margin of profit, and the best 
of them come under the rules of the Proprietary 
Articles Association. While they should always 
be well forward both in the window and on the 
counter of the up-to-date stationer, a “ one- 
article ” window of them might occasionally Ixj 
made. Of course, a hundred pounds will not 
go far in this way ; but it will pay to make 
now and again a good display of them. Without 
offensive pushing they can be turned into a good 
source of revenue, it is a good plan always to 
have one or more in your own pocket which you 
can allow your customer to try — one that you are 
using daily, and therefore ready to write the 
moment it touches paper. If the pen you are in 
the habit of using does not suit your customer, 
another from stock can easily be substituted. 

The tyj>ewriter is usually handled by specialists ; 
but there is no reason why the stationer should not 
flow and again dispose of a machine, '.fhere is 
money in the business. He has a typewriter, as 
a rule, for his own use. Why not get an agency 
and keep beside him a good supply of attractive 
catalogues which he might judiciously use to good 
purpose ? At any rate, there is no reason why the 
papers, ribbons, carbons, etc., necessary for the 
manipulation of the typewriter should not be 
supplied by the stationer. A small stock of these 
articles can easily be got. They are usually supplied 
in neat, cardboard boxes, and can, therefore, be 


tidily kept and easily handled. If a trade is done 
with law or commercial houses, a book of 
samples might be taken round and shown, and prices 
quoted — in fact, neat booklets of samples can bo 
obtained for distribution. These can be stamped, 
or, what is better, have printed the stationer’s 
name and address. This will lead to increased 
business. Do not be above going out and pushing 
your business. 

Letter- presses are sold only occasionally, and a 
large stock of them need not bo kept. One or two 
should be stocked, however, to show styles and to 
lx) ready in case of emergency. Orders can be 
taken from makers’ lists. 

Die-stamping. Die-stamping forms a large 
and fairly profitable part of the stationer’s business, 
and it is one which no will do well to cultivate. A 
good many wholesale houses now issue books of 
samples, showing qualities of paper and styles of 
stamping both in ** plain ” and ” relief.” Some 
enterprising firms even go the length of cutting the 
die free— charging only for the stamping— trusting 
to recoup themselves for their initial outlay by 
repeat orders. As there is something attractive 
and in decided good taste about a neatly stomped 
note heading, most customers — who would never 
think of going to the expense of getting a die cut 
— for the extra charge of, say, a shilling, would he 
glad to place ail order for five quires of note paper 
and 100 envelopes. Then, as this trade develops, 
the stationer will naturally find that he can do with 
a much smaller stock of notepapor and envelopes. 
This will liberate a certain amount of capital and 
allow it to be otherwise employed. Of course, this 
question opens up a wide field of enterprise which 
can easily be exploited by the stationer who is 
alive and knows his business. For instance, 
there is the interesting subject of wedding stationery, 
including invitation and complimentary cards; 
at- home, with menu and guest cards; dinner, 
dance, and visiting cards; and the perennial, and 
ever increasing trade in Christmas cards. Show 
cards — tastefully and artistically arranged — of 
these can and ought to be exhibited, and the 
makers’ books kept handy for reference, or to 
bring under the notice of likely customers. Busi- 
ness printing and lithography may be manipulated 
in the same way by arrangement with lithographers 
and printers who work for the trade. 

Wholesale Houses. A word ns to whole- 
sale houses. While there is truth in the saying that 
it is not good policy to keep all your eggs in one 
basket — and a comparison of prices is good for all 
concerned — at the same time, if you have confidence 
in your wholesaler, and know that he is doing his 
best for you, you will do well not to multiply accounts. 
You will not bo long in business beforo you find out 
that one firm is best for paper ; another makes a 
special feature of envelopes ; while a third does 
business books at a price which the others cannot 
touch. You ought, above all things, to exercise 
the greatest caution in taking up “ specialities ” 
shown by entire strangers who exhibit an undue 
anxiety to do you a special favour by making 
you ” sole agent ” in the district for their w r ares, 
on condition, of course, that you place a good order 
for a stock of the article. If you do, you may 
find that others have also been mane “ sole 
agents,” and that more than . one stationer has 
been landed with articles of which he will find 
some little difficulty in getting rid. As a rule, 
you can get “ the latest novelty ” from ono or 
other of the wholesale houses with whom you deal. 
Continued 
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By JOSEPH 

To Mark Out in Four Pieces a 
Tapering Elliptical Article. In this 
the taper at ends and sides arc unequal. Fig. 136 
shows the depth, and 137 the plan. In 137 there 
are two ellipses concentric with each other, but 
marked from separate sets of centres. Fig. 139 
is a pattern of the side, obtained as follows : 
From the point 3 [137], which is the centre from 
which the larger curve of the outer ellipse is 
struck, draw the vertical line 3 4, and continue 
the large curve round to meet it at 4. Draw the 
horizontal line 4 5 from 4, making its length the 
same as the vertical depth of the article 1 2 [136]. 
From the point 5 draw the line 5 6 at right angles 
to 5 4, the distance from 5 to 6 being the distance 
between the sides of the outer and inner ellipses 
at 1 2 [137]. From the point 6 thus obtained 
draw a line passing through 4 to 7, where it meets 
the centre line I 8. The distance from 4 to 7 will 
be the radius of the outer curve aSa [139], the 
centre of which is located at 9. The inner radius 
of the side is obtained in the same manner as the 
outer, by projecting the vertical line 10 4' [137] 
from the centre 10, from which the curve is struck, 
until it. intersects a continuation of the curve 
itself at 4'. The depth of the article is again 
marked from it. at right angles, giving the line 
4' 5' ; and again at right angles from the end 5' 
of this line the distance 5'6' is set off, represent- 
ing the distance 1 2 [137] between the sides of 
the ellipses in plan. Through the points O' and 4' 
thus obtained a line is projected to II on the 
centre lino 1 8. The distance from 6' to 4', or 
6 to 4, is set off from 8 to 12 [139], giving the 
width of the segment. Then with the distance 
4' 11 as radius the inner curve [139] is struck 
through 12, its centre being at 13. The length of 
this segment comes halfway between the centre 
linos of the two ellipses at the point 14 [137], the 
distance 1 14 being taken from and set off on 
each side of the centre line at 8a, 8a [139]. From 
the length of curve thus obtained radial lines are 
drawn to the point 13 on the centre line, and the 
marking out of the segment for the sides of the 
article is finished. 

The end piece [138] is struck in a similar man- 
ner from the ends of the ellipse. The horizontal 
line 166 [187] is projected from the centre 15, 
from which the end curve of the inner ellipse is 
struck, until it meets the dotted continuation of 
the end curve at 6. The line be is drawn at right 
angles from 6 16, fts length, 6c, representing the 
depth of the article 1 2 [136], A line at right 
angles therewith from c to d represents the dis- 
tance between the inner and outer end curves of 
the ellipse, 16 to 17 [137]. A line is drawn through 
the points db to cut the centre line at 18. The 
distance from 18 to 6 is the radius of the inner 
curve [138], struck from the centre 13. The width 
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of tho segment is taken from d to b [137], and set 
off from 11 to 19 [138], The radius of the outer 
curve at 19 [138] is obtained bv projecting the 
horizontal line [137] from 18, the centre from 
which the outer curve is struck, to 6', where it 
meets the dotted continuation of the curve. The 
perpendicular from b' to c' is the same length as 

1 2, on 136, and the horizontal from c' to d' is the 
same length as the distance between tho ellipses 
1 6 to 17 [137]. A line drawn through d'b' gives 
tho point where it cuts tho centre line, and from 
that point to b' is the radius with which the outer 
curve of 138 is struck. Its centre is at 20, which 
is fixed by the width of the segment, obtained 
either from db orb'd' [137 j. The length of the 
segment is measured from 17 to 14 [137], and 
set off on each side of 19 in 138, 19c, 19e. 

To Describe the Pattern for a 
Canister Top. This tapers from an ellipse 
to a circle. Fig. 140 is tho elevation, 141 the 
plan, and 142 the development of the pattern 
in one piece. Draw on the plan a diagonal 
line 3 2 between the points where the end and 
side curves intersect. Then in 143 draw a centre 
lino 1 0, and two transverse lines at right angles 
therewith at tho same distance apart as those 
representing the depth of the article 1 1 [140]. 
Transfer the length 2 3 from 141 to the line 2 3 
[143], and also tho diameter of the hole 4 6 to 
the line 4 5 [143]. Project lines through 2 4 and 
3 5 to cut the centre lino at o. With o2, or o3, 
as radius strike the curve 2 3 [142] from centre 
o. Returning to the plan [141] draw a per- 
pendicular from 0, which is the centre from which 
the side of the ellipse is struck, and continue the 
curve of the side round to meet it at 7. Draw a 
lino at right angles with 6 7 from 7 to 8, of the 
same length as the depth of the article 1 1 [140]. 
Draw another line at right angles with 7 8, from 

8 to 9, making its length the same as the width of 
the side, 4 to 10 [141]. Then produce a line from 

9 through 7 to cut the transverse centre line at 
11. With 11 7 as radius strike the arc 2 3 114 * 1 . 
and draw the perpendicular ol through the 
centre o. Divide half the length of the side, 3 to 
23 [141], and mark off the same number of 
divisions each side of the centre 1 on the curve 

2 3 of 144. Draw also the radial lines 3o, 2o, and 
the chord 2 3. 

Next, from 12 on the plan [141], which is the 
centre from which the end curve is struck, pro- 
ject a horizontal line to meet an extension of the 
curve at 13. Draw a line at right angles with 
12 13, from 13 to 14, corresponding in length 
with the depth 1 1 [140], and then another one 
at right angles with this, from 14 to 15, corre- 
sponding in length with the width of the end, 
1 to 17 fl41J. Project a line from 16 through 13 
to cut the centre line at 16. With radius 16 13, 
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and from o [144] as* centre, strike the arc 18 19. 
Measure the end curve [141] from 1 to 3, and 
transfer its dimension to each side of the centre 1' 
on the curve 18 19 [144]. Draw radial lines from 
18 and 19 to the centre o, and also the chord 18 19. 
Transfer the length of the latter to the chord 
18 19 [142], cutting the boundary circle 2 3 at 
18-19. With the radius ol8, from 144, strike 
the arc 18 to 19 [142], its centre -being on the 
centre line at 20, and its ends coinciding with 
the intersections of chord and circle at the points 
18, 19. Then take the chord distance from 2 to 3 
[144] and transfer it from 18 to 21, and from 19 to 
22, intersecting the boundary circle. Bisect these 
lengths at 10 and 1 1, and project lines from all 
these points to the centre o, extending the lines 
from 10 and 11, through o, to the points 7 and 0 
beyond respectively. The points 6 and 7 arc the 
centres from which the curves 21 18 and 22 19 
are struck, the radius being taken from n to 1 
[144]. Next measure the length of the boundary 
circle from 18, or from 19, to the centre line 1' 
fi«]. and transfer the same from 21 to 2, and 
also from 22 to 3 [142], and draw the radial lines 
2 o and So. Then with the radius 20 1 [142], 
from which the curve at the base is struck, 
describe the ares from 21 to 23, and from 22 to 
24, the centre in each case being on the radial 
line which marks the end of the pattern. This 
finishes the development of the exterior of the 
pattern and leaves the circular hole to be 
marked out. 

Draw on the plan [141] a vertical line from 
4 to 18, corresponding in length with the vertical 
depth of the article, 1 to 1 { 140]. From 18 draw 
a line at right angles with 18 4, through 19 to 
20, the distance' from 18 to 19 corresponding 
with the dimensions from the edge of the circle 
to the ellipse, or 4 to 10, and the distance from 

18 to 20 corresponding with a similar measure- 
ment lengthwise, or 17 to 1. From 19 and 20 
draw lines through 4 to cut the centre line at 22 
and 21 respectively. Take the length from 20 
to 4, which is the slant of the end, and mark it off 
on the radial lines of 142, from 23 to 4, 1 to 17, 
and 24 to 5, thus obtaining the points 4, 5, 17, 
through which the curve for the hole is struck. 
Then with 4 21 from 141 as radius, describe 
arcs through these points, the one which cuts 
17 being struck from the centre line ol, and 
finishing where it cuts the radials ol8 and 

019 ; and the arcs from 4 and 5 being half the 
length, struck from the lines o4 and o5, and 
ending at the radials 21 and 22. The centres 
from which these three arcs are struck are too 
close to the common centre o to be distinguished 
by separate numbers. The connection between 
those arcs is now completed by taking the 

'radius 4 22 from 141, and joining them with 
arcs of this radius struck from centres on the 
lines 6 11 and 7 10 [142]. 

To Describe a Tapering NecK with 
Parallel Sides. This has semicircular ends, 
and a circular hole in the top. Fig. 145 
is the elevation and 146 the plan of the 
article. Fig. 147 is the development in one 
piece, with the joint at one end. Through 
the centres of 145, 146, and 147, a porpen- 

5348 


dicular line 1 1 is drawn. In the plan [146] 
there are three horizontal lines, 0 7 being 
central, while 2 3 and 4 5 pass through the 
centres from which the end semicircles are 
struck. To proceed with the development, 
extend the line of one side, in 146, to the point 

9, the distance from 2 to 9 being the same as 
tlie vertical height 1 1 [145] of the article. 
Draw a line at right angles with 2 9, from 9 to 

10, the distance between 9 and 10 being taken 
from o at the edge of the hole to 1' at the semi- 
circular end, thus representing, in plan, the 
taper from hole to end. Draw a line from 10 
through 2 cutting the centre lino 11 at 11. 
From the point 12 on the circle representing the 
hole draw a line to 13, the distance between 
12 and 13 representing the depth of the article 
1 l [145]. Take the distance from o to 1' as 
before and transfer it to the horizontal line 13 
to 14. Then draw a line from 14 through 12 
to 11, where the centre line is cut by it. In 
this ease the diagonals both from 14 and from 
10 happen to meet at 11, but with different 
proportions they would cut the centre line at 
different points. Next, in 148, draw horizontal 
lines 3 4 and 12 15, at distances apart, 1 1, cor- 
responding with the depth of the article, 1 to 1 
1 145]. Draw the centre line 18 [148] at right 
angles with these lines, and on the upper horizon- 
tal line mark off on each side the distances 
1 S and 1 4, corresponding with 1 3 and 1 4 
on the diagonal line in 146. On the lower 
horizontal line [148] mark off the diameter of 
the hole 12 15, similarly numbered on the other 
views. Through these four points, 3, 12, and 
4, 15, draw the diagonal lines cutting the centre 
at 8, as shown in 148. With 8 3 or 8 4 as 
radius, strike the large boundary curve 3 4 20 
from the centre 8 [147]. 

Now, with radius 1 12 [146] strike the curve 
4' r 5' from centre o [149]. By stepping round 
with dividers, make the length of this curve 
similar to the length of curve in one of the 
semicircular ends in 146, and draw the chord 
4' 5' [149]. Draw a chord of similar length 
across the lower part of the boundary curve in 
147, giving the points 17 and 18. From these 
points, with dividers set to the radius o4' or 
o5' [149] mark off the point o' on the centre 
line of 147. With o' as centre, strike the curve 
17 1 18, corresponding with the curve in 146. 
Next take the length of the side, 3 5 in 146, 
and mark it off from 17 to 16, and from 18 to 
19, in 147, intersecting the boundary curve. 
Draw lines from these points to the centre 8. 
Then, from the centre 8 strike a curvo through 
the point o, giving the points a and 6 whence the 
radial lines to 21 and 22 are drawn. The points 
a and b are centres from which the curves 22 16 
and 21 19 are struck, their radius being the same 
as the curve struck from o' in the lower part of 
the view. The pattern of the outside is now 
completed by connecting the curves by the 
tangential lines 16 17 and 18 19. 

For the development of the round hole in 
the top, bisect the line 16 17 at c, and 18 19 at 
d [147] and produce them to r and s respectively. 
Take the length 14 to 12 [146] and set it off in 
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147 from 1 to g, 22 to h, and 21 to j. Take also 
the distance 11 to 12 in 146, and in 147 set it off 
respectively from g to k , h to l, and j to m ; 
k , /, and m are centres whence are struck the 
curves hn , jo, and pjq. The radius of the 
connecting portions is obtained by drawing 
in 148 the diagonal line between points re- 
presenting the depth of the article and the 
slant of the side, and prolonging this line to the 
point 17, the distance from 17 to 12 being the 
radius required. The centres in 147 are located 
at 8 and r on the prolongation of the bisecting 
lines c and d. 

Another Method. Problems of this and 
allied kinds may be approached, and rendered 
more obvious perhaps, by regarding them directly 
from the point of view of the cone. Thus, 
in 160, 151, 152 the shading introduced shows 
that the ends of the articles must be portions of 
oblique cones, the construction of which has 
been explained on page 4737. The point is, 
that the base can be divided round into any 
number of equal parts, and lengths taken from 
those divisions to the apex, through which 
points the required curve can be drawn, and 
the plane of truncation can he treated similarly. 

Looking now at. 150 and 151, we can regard 
the article (irrespective of the question of 
actual jointing up) as formed of segments 
only of conic frusta, meaning by that that 
the cylindrical shapes arc incomplete. They 
terminate at a, h , e, d. They are connected 
with plane triangular pieces a, d, /, and b , c, e. 
Fig. 153 shows the method of development. 

Draw a horizontal line V 2'. Set off a centre 
o from 2 in 150, and with the same radius 
describe the quadrant 27/., equal in length to 
2a in 150. Step round on it any convenient 
number of chord lengths, 2', 1, 2, 3, a. Set off 
on the line 1'2' the distances 27/ and 27;, 
corresponding respectively with the centre of 
the round hole and its edge, in 150, and raise 
perpendiculars therefrom. Draw a horizontal 
g'U\ corresponding with the plane of the top 
of the article. Draw lines through 2'h! and 
through oif prolonged, to intersect at the 
centre o', which locates the apex of the oblique 
cone, and drop the perpendicular o'Y. From 
1' describe arcs from 1, 2, 3, a, to intersect the 
line 1'2' in 4, 5, (5, 7, respectively. Connect 
these points with the apex o', cutting the plane 
g'h' at 4'5'6'7'. Next take the slant length 
o' 2' [153], and set it off from o' to 2' ri54]. 
Similarly, take successive radii, o'4, o' 5, o'6, 
o' 7, and set them off in 154 as shown by corre- 
sponding references. Take the successive equal 
divisions, 2'1, 1 2, 2 3, 3a, in 153, and step 
them round from 2' to 1, 2, 3, a, in 154, and 
draw lines through the points of intersection 
to the centre o'. A curve drawn through 
these points of intersection 2', 1, 2, 3, a , re- 
peated on the other side of the centre line will 
give the development of the curved base of the 
truncated cone. For the round hole in the top, 
complete 154 thus : 

Take successive radii from o' [153] measuring 
thence to h', 4', 6', 6', 7', and transfer to 154, 
cutting the radial lines at h', 4', 5', 6', 7', repeated 
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on each side of the centre line. These will form 
the points of intersection through which the 
curve is drawn. 

To Mark Pattern for an Elliptical 
Object with Angles Constantly Chang- 
ing. Fig. 155 is the plan of the object, and 
156 the elevation. In plan, the taper appears 
equal all round, but in elevation the angle is seen 
to vary, because the back is higher than the 
front. In 156, project the lines 7 9 and 1 8, till 
they meet at tho common centre o. From o 
carry a perpendicular up to o on the centre line 
1 7 of 155. Divido one half of the outer ellipse 
into any number of parts, as 1, 2, 3, 4, 5, 6, 7. 
With o on the"' line 1 7 as a centre, strike 
ares from 2, 3, 4, 5, to cut the line 1 7. An 
arc from 6 [155] would coincide with the one 
from 5, and also one from 7, and the extreme 
points 1, 7, coincide with the points 1 and 
7 on the elevation [156]. Drop a perpen- 
dicular direct from 5 on the ellipse to 10 on the 
line 1 7 of 156, and another from the point 12, 
where the arc from 5 on the ellipse cuts the centre 
line 1 7, stopping the latter perpendicular at 5 
on 156, which is the point where a horizontal 
from the intersection 10 of the first perpendicular 
and the sloping line 1 7 occurs. From the point 
5 draw a sloping line to 1. Draw also a hori- 
zontal from 7 to 7, and another from 6 to 11, 
which is the point on the line 1 7 where a per- 
pendicular from 6 [156] cuts it. We have now 
points 1, 2 , 3, 4, 5, 6, 7, on 156. From each of 
those draw a radial line to the centre o, and then 
with o as a centre describe curves of indefinite 
length from each of these points on the upper 
part of 156, and also from each of the radial 
intersections on the line 8 9 of 156. 

Draw now the line 7 o, of 157, clear of the lines 
of the elevation, and then with dividers set to 
the divisions on the ellipse [155], step from 7 [157 1 
to 6, and so on till the point 1 is reached, be- 
ginning on the outer circle 7, and stepping across 
from one circle to the next till, at the point 1, the 
inner circle of tho same number is reached. 
Tli rough these intersections the outer line of 
the pattern is drawn. Tho inner line is traced 
tli rough the intersections of radial lines with the 
inner set of curves, stepping as before from on ) 
circle to the next, the widest part of the pattern 
being at tho end 7o, and the narrowest at the 
end 1 o. This gives the pattern for one half 
of the object. 

To Strike in One Piece the Pattern 
for an Oval Hip-bath. Fig. 158 is the 

side elevation, and 150 the plan. The shape of 
the inner oval is decided by the position of the 
ints 5 and 10 on the centre line, and need not 
drawn. In 160 draw the two horizontal lines 
1 8 and 9 10, at the same distance apart as the 
top and bottom lines similarly numbered in 158. 
Project perpendiculars from 1, 6, 10, 8, on the 
centre line of 159, to the upper line 1 8 [160], 
continuing those from 5 and 10 to the lower line 
9 10. Draw lines from 8 and 1 through 10 and 1' 
[160] to meet at the centre o. Project a per- 
pendicular up from o too on the centre line of 150* 
Then divide the upper half of the outer oval [150] 
into any convenient number of parts, as 1, 2, 3, 
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etc,, and from the centre o on the same figure 
describe arcs from each of these points to cut 
the centre line 1 8 at 2', 3', etc. From these 
points, similarly numbered on the line 1 8 [160], 
continue lines converging to 
the centre o and cutting the 
line 9 10 in 1', 2', 3', etc. 

With o as a centre now 
describe curves of indefinite 
length from each of the inter- 
sections, both on the line 1 8, 
and the line 9 10, as shown in 
160. Then, with the dividers 
set to tho divisions round the 
oval in 159, start from 1 at 
the end of the line 1 8 [160], 
and step off round the curves 170 171 

the same number of divisions, various seams and rolled joints 
crossing tho curve 1 to 2, 

2 to 3, and so on at each step until the centre 
line is reached, where the number of steps has 
amounted to the same as thoso round half 
the oval in 159. Then proceed with a similar 
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curve to where they c\jt the horizontal, and mark 
off these lengths from tho points similarly num- 
bered on each side of the centre 8 on the outer 
curve of the pattern. Through these points 
trace the curve 6' 7' 11. 

Conical Tube. Fig. 161 
A is a common fitting, the 
well-known conical, or “ Gal- 
loway ” circulating tube. It 
is fitted both into the furnace 
flues of horizontal boilers, and 
the fireboxes of vertical types. 
Fig. 161 shows it as fitted in a 
parallel flue. The tube A is 
thrust through the larger hole 
of the furnace B, which is large 
enough to allow the flange C 
to clear. The flanges C and D 
are secured by riveting. 

As the tube is of sensible thickness — from J in. 
to j} in. — the dimensions correspond with the 
external diameters after bending and welding. 
These diameters are AB and Cl) [162], and the 
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number to complete the other half, but working 
across the curves in the opposite way, so that 
the final step occurs again on the outer circle 
at 1 on the lower right-hand side of 160. From 
each of these points of intersection draw radial 
lines to the centre o, 
which will give the cor- 
rect- points of intersec- 
tion on the inner set of 
circles from the line 
9 10. Through these 
intersections trace the 
outer and inner lines 
of the pattern. 

To obtain the shape 
of the back, draw perpendiculars from 6' and 7' 
[ 159] to the line 1 8 [158], and thence continue 
them parallel with the back, 10 11, till they cut 
the curve (which has previously been decided 
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diameter of the furnace flue is indicated by the 
circle EE. Lines are projected through AC) and 
BD to a point c>, where they meet, which is the 
apex of the cone of which the w r ater tube is a 
frustum. As the flanges fit a cylinder, the 
regular curves of some 
previous developments 
are unsuitable. The 
varying curves required 
are obtained on lines of 
equal division stepped 
round the conical body 
as at FF'. A half circle 
is divided round F, 1, 2, 
3, 4, 5, 6, 7, F'. Draw 
lines through these points from o to cut the circle 
of the furnace flue in a, b y c, d , e, /, f/, on the 
smaller end, and at a\ c\ d\ e\ /', </', at 
tho larger end. From the points where these 


OoO; UOO 
Q'-jQ'QOQ 
000:000 


181 182 

RIVETED JOINTS 


185 186 187 

FORMS OF BUTT-RIVETED JOINTS 


on) at 6 and 7. Take the distance 8 to 11 
and mark off the same from 8 to ll at the back 
Patera in 100. Take also in turn from 
158 the distances 6 to 6' and 7 to 7' from the 


lines of division on the cone cut tho circle of 
the furnace EE draw radii from o as a centre 
to 163, which shows the development of tho 
plate. 
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In 183 draw & centre line oB\ and to right and The commonest type of rivet used by engineers 
left of it set off the length B'A' equal in length to is the cup-head, or spherical head rivet [172] 

the circumference of the large diameter AB of In this both head and tail are alike. In 173 the 

the tube in 162, and divide the length into twice tail is still of the cup section, but the head is of 

the number of equal parts of the half circle in' 162, the pan shape, which is stronger. In 174 the head 

A' a' 6' c' d' e/ /' g' B' g' /' e! d' c' b' a' A' [163]. is of pan shape, but the section of the tail in- 

Draw lines thence to the apex o. At the points eludes two curves, conoidal head ; 176 is the 

where these radial lines intersect the curves conical tail formed by hammering only. In each 

drawn from 162 draw the outlines of the plate of these the head ana tail stand beyond the faces 

as indicated by the similar references. The of the plates. When this is objectionable counter - 

middle piano FF might be divided instead of sunk rivets are used [176]. Sometimes one end 

the end, as indicated. Beyond these outlines only is countersunk, as in 177. Proportions vary 

add sufficient for flanging— namely, the lines slightly, but those given in the figures show 

GG, HH. average practice. In each case the unit is the 

Joints, A very condensed account of diameter, d, of the stem, or shank of the rivet, 

joints must now conclude this course. The numerous forms in which riveted joints 

Joints in sheet and plated work arc made by occur are not determined arbitrarily. Joints in 

soldering, brazing, welding, lapping, or rolling the same plane are as follows : Lap joints 

simply, and by riveting, and bolting. single riveted [178]. These are the weakest forms. 

With regard to the additions made, these are A stronger joint is made by double riveting, and 
generally of the character shown in 163 — that of this may be of chain type [179], or zig-zag [180]. 

supplementary width added to the edge or In some cases treble riveting is used, either of 

edges of the developed outline. But in many cases chain type [181]. or zig-zag [182]. The objection 
the joint has to be made somewhere in the body to all these is that the plates are not in the same 

of the development. plane. The method is suitable for uniting 

Soldering and Brazing. The joints belts of plating in cylindrical boilers, circular 

for union by these methods are of various kinds. seams, but not for longitudinal seams, which 

The commonest is the lap. Edges are sometimes would develop grooving. Hence the superiority 

thinned down to a leather edge before lapping in of the butt joints. In these, plates which abut 

order to maintain an even thic kness. The in the same plane are riveted through a covering 

thinnest sheets are generally left untouched, strip, or strips, butt strips, or straps. Single 

which leaves a slight thickness or angle to be butt straps [183] are used, or double butt straps 

occupied by solder and assist the holding of the [184 to 189]. A strap on each sido makes a better 

solder in the joint faces. Abutting joints are not job than a strap on one side only. As in lap joints, 

used much for soft soldering, though rather more the rivets are arranged in single lines, single 

frequently for brazing. But the small area of the riveting [183, 184], in two lines, double riveting 

parts in contact prevents making a strong job. [185 to 188], or in three lines treble [189], and also 

A good many joints at right angles are made as chain and zigzag riveting as illustrated, 

by abutting joints, because an angle of solder can Close and Open Riveting. Tho whole 
l)e run down the internal angle as well as between of the proportioning of riveted joints is a 

the faces. But all strong joints must have con- compromise between the strength of the plate 

siderablo surfaces for the soldering material left between the rivet holes, and between 

to adhere to. An example of this kind was illus- the edges of tho holes, and the edges of the 

trated in the cramped joints of the coppersmith plates for butt straps, and between the tightness 

[page 3884], which are made in joints in one of the joint to resist steam or water pressure, 

plane, in curves, and at right, and other angles. To lessen the loss of strength consequent on 

In work in tin, zinc, and lead other kinds of lap making the holes for the rivets, the spacing is 

joints are common, such as lapping and rolling. increased. But for tightness of jointing the 

Fig. 164 shows a plain angular joint in which spacing should bo lessened. This explains the 

tho edge of one sheet is bent over to cover the zig-zag riveting, in which provision is made for 

edge of the sheet adjacent, and soldered. Figs. leaving the plates with the maximum strength 

165 and 166, show two forms of lap joints made possible, and close joints, and the reason for the 

watertight without soldering, the seams being dose and open riveting in 187 and 188. This 

closed by hammering. Fig. 167 shows an angle also explains why the spacing for steam boilers 

joint that must be soldered, otherwise it could and vessels subject to hydraulic pressure always 

be pulled apart. Figs. 168 and 169 are other is closer than that for bridge and girder work, 

forms which may be soldered or not. Figs. 170 The pitch of rivets, p, in tho figures is the 
and 171 are roll joints for lead and zinc rcspec- distance between adjacent centres. In no case 

tSvely» which need not be soldered. . should this be less than enough to leave a space 

Welding. Welding has been described under equal to the diameter of the rivet between 

Smiths' Work [see page 2988]. It is a process adjacent holes, and it is generally more. The 

employed for pieces of sensible thickness, as bars, same rule holds with regard to the width of 

. rods, sections, and plates, but not for thin sheets. metal left between the edge of a hole and 

Riveting. To discuss all the points in con- adjacent edge of the plate, or the covering 

nection with riveted joints would cover a very strap. In zig-zag riveting the diagonal dimen- 

wide field. We must be content to show the forms sions must fulfil the same conditions, and not 

of rivets and the more important types of joints. the spaoing between the rows. 

Drawing por Sheet-metal Workers concluded ; followed by Drawing tor Architects 
6352 




Group 24 

THE TRANSMISSION OF POWER 

POWER 

Shafting, Pulleys and Belting. Rope Driving. t Bevel and Cog-wheel 

3 

Driving. Transmission of Power by Hydraulic and Pneumatic Agencies 

Continued from 

. ... 

(Miyo fil-S 


By F. L. RAWSON 


MOT only is it almost invariably the cane 
^ that power has to be transmitted from the 
place where it is produced to some other place 
where it is utilised, even within tho coniines of a 
single factory or works, but it is. becoming more 
ana more usual to concentrate the generation 
of power at central points and thence to dis- 
tribute it to consumers of all classes within a 
radius which may vary between a few yards and 
many miles. It is evident, therefore, that means 
must be provided for transmitting the power, 
to suit tho very diverse conditions met with. 
The principal methods may be classed under the 
following heads : mechanical (shafting and gear- 
ing) ; electrical ; pneumatic ; and hydraulic. 
Steam and gas are also used, though they come 
under a slightly different category. The former 
can be employed only over comparatively short 
distances, and is so wasteful that it may be set 
aside at once ; but the latter is excelled only by 
electricity in point of the range covered. 

Shafting. Shafting constitutes the most; 
elementary means of power transmission, some- 
times being the only means, as where the engine 
is coupled direct to the driven machine by a 
piece of shafting, short or long. locomotives, 
steamships, pumping engines, steam-dynamos, 
ventilating fans, and many other kinds of 
machinery are almost invariably constructed in 
this way. and often the counter-shafting in large 
workshops is driven directly from the engine. 
Shafting, however, can be economically employed 
only over distances not exceeding about 300 ft., 
owing to the friction, torsion, and other dis- 
advantages attending its use. Except in very 
short lengths, it must be perfectly straight, 
and "where the power is to be carried round 
a corner, bevel gearing or belts must lx? em- 
ployed, with the accompanying increased cost 
of installation and maintenance, and loss of 
power. On the other hand, it is rarely 
economical to drive every individual machine 
in a factory or workshop by independent means, 
and theroforo short lengths of shafting, each 
driven by a separate motor (nowadays, almost 
always an electric motor) and driving a number 
of machines, aro the general rule. Mild steel 
shafts are used, running at speeds usually 
between 100 and 300 revolutions per minute ; 
the principal dimensions, etc., are obtained from 
formulae such as tho following : 

Horse-power transmitted : 

HP = ^ 0 l>>N. 

Diameter of shaft : 


»- tfpv* ) 

Space between bearings : 

S = 5 y D a . 


where HP - the liorse-power to be transmitted, 

N ~ tho number of revolutions per 
minute, 

D — the diameter of the steel shaft in 
inches, 

S -- the space between bearings, in feet. 

If a wrought-iron shaft is used the diameter 
must bo increased, for the same horse-power, by 
15 per cent. The foregoing values apply to mill 
shafting carrying pulleys for belt driving, etc. 
For pure transmission of power, without bending 
stresses, lighter shafting may be used. The loss 
of power in friction due to shafting depends 
enormously upon the attention given to tho 
bearings, both in erection and in upkeep, and is 
seldom less than 25 per cent, of the power 
applied, often more than 50 per cent. 

Belting and Pulleys. Tho most con- 
venient and usual method of taking power 
off shafting is by means of leather belts 
running on pulleys. The pulleys are preferably 
made in halves, so that they can easily be 
mounted on the shaft without disturbing the 
latter, and are usually made of cast or wrought 
iron, the latter especially when the pulleys are 
large. Large numbers of wooden pulleys are also 
used. The faces of the pulleys art? slightly 
rounded, tho greatest diameter being in the 
middle, for use with plain belting, this device 
keeping the bolt in position ; but wrought-iron 
pulleys are often cylindrical, and so are pulleys 
used with link belting. They are iixed oil the 
shaft with keys, fitting between a flat filed on the 
shaft and a key- way provided in the boss of the 
pulley, but split pulleys can be fixed sufficiently 
tightly, as a rule, by means of tho bolts which 
hold the halves together, without the use of keys. 
Tho ratio of tho diameters of driving and driven 
pulleys should not exceed 6:1, and the distance 
between centres should be such that the arc of 
contact of the belt on the smaller pulley is never 
less than 150 degrees, greater if possible. 
Vertical or steeply inclined belts Bhould be 
avoided. 

Theory of Power Transmission by 
Belting. Leather belting is most commonly 
used, though cotton belting is also very satis- 
factory. Single leather belts are about 0*25 in. 
t hick, and the width varies according to the power 
transmitted. The speed of the l>elt, which is 
practically equal to that of the pulley rim, is an 
important factor, as the higher it is tho greater 
is the power that can be transmitted. A limit 
is set to this, however, by the action of centri- 
fugal force, which renders it undesirable to 
employ a speed higher than 5,000 ft. per 
minute. When the power is greater than can 
be dealt with by means of a single bolt, a double 
belt is used, about 0*4 in. thick. Still stronger 
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belts are made up of leather links, laid on edge 
side by side, and joined together with steel pins, 
which act as hinges. The power transmitted 
is proportional to the difference in tension 
between the two sides of the belt, and th#tight 
side is generally subject to about twice the 
tension of the slack side. The weakest part of a 
belt is the joint ; allowing for this, the safe 
working tension in the tight side is 300 lb. per 
square inch of cross section, and the useful pull 
transmitted is 150 lb. per square inch, or 37 *5 lb. 
per inch of width of a single belt, and 60 lb. in the 
case of a double one. The following formula) 
apply to single and double leather belts, of 0 25 
and 0*4 in. thickness respectively : 

Horse-power transmitted by belts : 


where W — width of belt in inches, 

D !.= diameter of pulley in inches, 

N — number of revolutions of the same 


pulley per minute. 

The velocity of the belt is given by the formula : 

V - 0*20 x DN 

where V — velocity in feet per minute. 

Link Belting. The power transmitted by a 
link belt depends upon its construction, but may 
bo taken as approximately equal to that of a double 
leather belt. Cotton belts come between single an d 
double leather belts in point of strength. Tt must 
be added that different thicknesses can be obtained 
in each caso, and the foregoing formulae strictly 
apply only to the average values ; differences in 
the ratios of tensions in the two sides of the belt, 
in the arc of contact, etc., also enter largely into 
the determination of the safe load of a belt. 

Rope Driving. For heavy drives cotton 
ropes are frequently preferred to belts. These arc 
generally from 1 in. to 2 in. in diameter, and the 
pulleys are provided with grooved rims, each rope 
running in a separate groove. The sides of the 
grooves are inclined towards one another at an 
angle of about 45°, so as to grip the rope firmly, 
without allowing it to touch the bottom of the 
groove. The working tension is about the same 
as with leather belts - - namely, 300 lb. per square 
inch (of the circumscribing circle), but the tension 
in the slack side is less than half that in tho tight 
side, so that the power transmitted per square 
inch is greater. The usual speed is about 5,000 ft. 
per minute, and the diametor of the smaller 
pulley should not be less than 30 times the 
diameter of the rope. Assuming the ratio 
of the tensions in tho two sides of the rope to 
lie 5 : 1, and the speed in the neigh bourhood 
qf 5,000 ft. per minute, and allowing for centri- 
fugal force, the following formula gives the horse- 
power transmitted by each rope : 

Horse-power transmitted: HP — 1000 

where d =* diameter of circumscribing circle of 
rope, in inches, 

D = diameter of pulley, in inches, 

N - number of revolutions of the same 
pulley per minute. 


Thus a single rope may transmit as muoh as 
75-horse power, and by placing 20 ropes side 
by side, 1,500-horse power may readily be dealt 
with, a power which would require an unwieldy 
leather belt if such were used. Ropes are more 
efficient than belts, but the latter have the ad- 
vantage that they can be used to transmit power 
between shafts which are not parallel with one 
another, and can readily be taken off or moved 
from one pulley to another ; this operation is 
frequently necessary in tho case of the belts 
used to drive individual machines, tho belt 
resting on an idle or “ loose ” pulley when the 
machine is at rest, and being transferred to 
the working or “ fast ” pulley when it is desired 
to use the machine. Hence, although ropes 
may be employed to drive the shafting in a 
mill or factory, belts arc almost invariably 
used to take the power off the shafts for the 
machines. 

Power Transmission by Gearing. 

Where a shaft is required to drive another at a 
different speed, the two being close together, 
toothed gearing is often used. In this case 
each shaft carries a wheel provided with teeth 
round its circumference, the teeth of one wheel 
engaging with those of the other and driving 
them. As the teeth on both wheels are equally 
spaced, the relative speeds of the two wheels 
and shafts are in the inverse ratio of the numbers 
of teeth on the respective wheels, the smaller 
wheel running faster. The shape of the teeth 
is carefully designed so that they roll upon one 
another with the minimum of friction ; they are 
either cast with the wheel, which may be of east 
iron or steel, or are cut out of the solid rim 
when the best results are desired. Goar wheels 
are almost invariably noisy, however well they 
are fitted together ; sometimes one of the wheels 
is made of raw hide to diminish the noise, or the 
teeth are made of helical shape for this purpose. 
Obviously, gear wheels cannot be used with 
advantage to transmit power over a distance 
exceeding a few feet, and in this respect they 
are inferior to belts and ropes. They are very 
useful, however, for driving shafts which Torm 
an angle with one another, the gear wheels, 
which are then called bevel wheels, being made 
of conical shape ; they can also be used for 
fairly high speed ratios, and have the advantage 
of great compactness. 

Worm Gears. For excessively high speed 
ratios, such as 30 : 1, worm gear is often used. 
This consists of a toothed wheel driven by a 
“ worm,” the latter being a single turn of a screw- 
thread, the pitch of which is equal to that of the 
teeth of the gear wheel ; thus one revolution of 
the worm causes the wheel to advance one tooth. 
Owing to the sliding friction between the worm 
and the teeth, it is absolutely necessary that they 
shall be thoroughly well lubricated in order to 
reduce the loss of power, and for this reason worm 
gear should always be immersed in an oil bath. 
It is rarely used for transmitting large powers. 

Chain Driving. Another positive driving 
device is the chain and sprocket-wheel, the most 
common illustration of which is the driving sear 
of bicycles ; but the latter as ordinarily made is 
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inferior to the Renold “ silent n chain, which 
drives on the flanks of the teeth instead of against 
the roots, and automatically adapts itself to the 
teeth as wear takes place. 

Friction Gearing. Omitting the teeth 
from the circumference of gear wheels, and press- 
ing the two smooth wheels together, we obtain 
friction gearing ; this is sometimes used for trans- 
mitting small powers, and has the advantage 
that it is noiseless, and will slip rather than break 
when overloaded. Preferably the gear consists 
of a wheel built of paper or leather discs com- 
pressed between two plates of iron, working 
against a cylindrical cast-iron pulley. Unfor- 
tunately, considerable pressure is thrown on 
the bearings by tips gear, and oil accidentally 
dropped on it immediately causes slipping. 

All the foregoing methods are available for use 
in works and machines, and their efficiencies are 
all of the same order — about 90 per cent. — 
but in the case of worm and chain gearing as 
ordinarily used, the efficiency may he much lower ; 
in fact, 90 per cent, is attainable with these gears 
only under exceptionally favourable conditions. 

Wire-rope Driving. When power is 
to be transmitted to a distance exceeding the 
limits of a factory, different methods must 
be used. The one which most nearly resembles 
those discussed above is that of driving by 
means of wire repes, consisting of steel wires 
stranded together, spliced to form a continuous 
loop, as in cotton rope gearing, and passing 
over the driving and driven pulleys, each 
of which* usually has only one groove. The 
distance between the driving and driven pulleys 
should not exceed 500 ft. If greater distances are 
to be covered, successive relays must be used, the 
first driven pulley becoming the driver for the 
second rope, and so on ; in this case the inter- 
mediate pulleys have two grooves each. Some- 
times guide pulleys are used to support the 
rope at intervals between the main pulleys. 
By means of ropes 1 in. in diameter, it is possible 
to transmit 300-horse power a distance of half 
a mile with an efficiency of nearly 90 per cent., 
the relays being five in number, and the rope 
running at 4,000 ft. per minute. 

Electrical Power. When distances exceed 
300 ft., however, it is far better to adopt one 
of the methods mentioned on a previous page 
— namely, electrical, pneumatic, or hydraulic 
transmission. Of these, electrical transmission 
is discussei in the course on Electricity. It 
will suffice here, therefore, to mention its 
advantages for power transmission. Of these, 
the most important are high efficiency ; extreme 
flexibility, for the power can be transmitted to 
any distance desired, and used in any suitable 
manner, while in driving workshop the shafting 
may be divided up into sections of any length ; 
individual machines may be driven separately ; 
any part of the works may be run independently 
of the rest ; the buildings need not be laid out to 
«uit shafting, and need not be so substantial, 
and any machine may be run or stopped without 
interfering with any other, or requiring long 
shafts to bo driven ; light is available as well as 
power ; energy can be stored in batteries as a 


reserve, or to steady the load on the generating 
plant, and thus economise coal ; there are no 
moving belts, ropes, or shafts in the space between 
the* driver and the machine driven ; and not 
least, without dwelling on other additional 
advantages, with electricity it is possible to 
keep a close watch on the performance of ©very 
part of the plant, and at once to note any falling- 
off in its efficiency. For transmitting power from 
a central point to a number of independent 
consumers, electricity is unrivalled, its high 
efficiency and flexibility being unique for this 
purpose, and there is no limit to the amount of 
power that may be transmitted by a single line. 
Withal, it is now possible to supply electricity in 
many places at a price which competes favourably 
with that of any other power 

Pneumatic Power. Pneumatic power 
transmission possesses many advantageous 
features, accompanied, however, with certain 
inherent disad vantages. The latl or have rendered 
it unsuitable for distributing power on a large 
scale, or transmitting it over great distances, 
though before the development, of electrical 
transmission it was widely used. Tn this system, 
air is compressed by steam or other power- 
generating plant to a high pressure, and is 
transmitted through pipes to the place where 
the power is required, and there passed through 
air motors or other machines giving out mecha- 
nical power. The great difficulties met with in 
ul llising air in this way are due to the heating of 
the air during compression, and to the converse 
phenomenon — the cooling of the air during 
expansion. Each of these characteristics leads to 
a serious loss of power. The act of compressing 
air or any other gas is necessarily accompanied 
by the evolution of heat, by reason of the work 
done on the gas. If the air thus heated were at 
once supplied to the air motor, losing but little 
heat on the wav. it would be cooled to a corre- 
sponding extent during expansion, and discharged 
at a temperature not much below that of the 
atmosphere, the loss due to beating being then 
inconsiderable. 

Compressing the Air. The air is usually 
compressed by compound steam engines, and 
in order to reduce the; loss of power due 
to heating the compressed air, the compression 
is divided into two stages, the air being 
partially compressed, then passed through a 
cooling apparatus, and again comprenuxL By 
this means the temperature at which the air 
leaves the compressor is reduced. On the other 
hand, the expansion of the air in the motor 
produces very low temperatures, causing the 
moisture in the air to be deposited in the form of 
snow and ice in the exhaust passages. This is 
remedied by heating the air before it enters the 
motor, with surprising results, for the output is 
enormously increased, and it may be taken that 
reheating in this way is practically indispensable 
to high efficiency in pneumatic power transmis- 
sion. Under the best conditions, the efficiency 
may be as high as 80 per cent., apart from the 
loss in the transmission line, which will absorb 
about 5 per cent, of the power per mile ; under 
bad conditions the efficiency may be as low as 
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30 per cent. When the air pressure is very high, Hydraulic Power. For many purposes, 
as in the case of torpedo charging, four-stage water pumped through pipes under great 
compressors are used, raising the pressure to pressure forms a most convenient means of 
1.430 lb. per square inch. For ordinary purposes transmitting power, this system possessing 
the pressure is from 40 lb. to 100 lb. per square certain advantages peculiar to itself. The 
inch, generally about 75 lb. source of energy is generally a steam engine, 

Vui of Compreaaed Air. Although driving pumps, and thus feeding water into the 

compressed air can readily be used as above pipes at a pressure ranging from 50 lb. per square 

described in motors similar in principle to inch (asm town supply) to 1,120 lb., or half a ton, 

steam engines, giving continuous rotational P cr square inch. In the former (low-pressure) 

motion to a shaft, it is far more generally <*aso the water is pumped up into elevated 

employed in simple reciprocating apparatus, reservoirs, whence it is drawn as required, the 

for driving which it is admirably adapted, though pressure depending simply on the height of tho 

the efficiency is not more than 40 per cent,, as it reservoir above the point where the water is used, 

is not usually convenient to reheat the air in f n the latter (high-pressure) ease, the system 

these cases. One of tho most- important uses of ia provided with accumulators, in which a quan- 

the ststern is the driving of rock drills in quarries, tity of water is maintained under the full pressure 

mines, and tunnels, and for coal-mining. The by means of weights attached to a pist-on working 

drill consists of a cylinder in which a piston m a cylinder in communication with the pipes, 

oscillates, being controlled automatically by the When the pump supply is in excess of the re- 
compressed air, and carrying a drill which strikes quirements of the moment, tho surplus water 

rapid blows on the rock. The air exhausted from how's into the accumulator, raising the piston, and 

tho drill helps to ventilate mine workings. The when the demand is in excess of the supply, the 

system has been applied to drilling and caulking loaded piston descends, forcing the water through 

iron and steel, riveting, pneumatic lifts for the pipes, and thus assisting the pumps, 

placing heavy work in position in lathes, etc., Advantages of Hydraulic Power, 
in many factories. In Paris, the Popp system Facility of storage is one of the chief ad- 

of driving clocks pneumatically has worked well vantages of hydraulic power transmission, 

for many years. The clocks, which are merely RS it enables the engines to run almost con- 

dials, with hands worked pneumatically, are in- ^tantly loaded, while maintaining a uniform 

stalled over a large portion of the city. Passenger pressure in the mains. Only small -powers are 

and goods elevators are sometimes driven by supplied at low pressure, the height of the 

pneumatic power, and parcels are blown through reservoirs not usually exceeding 100 ft. ; but. in 

tubes to considerable distances, as in the under- high pressure systems, such as those installed for 

ground telegraph system in Paris. One of the most public supply in Ixmdon, Manchester and Glas- 

common uses of compressed air is in the operation g 0 w, large powers are conveyod with small 

of the brakes of railway t rains [see page 46061. Air quantities of water. The losses in transmission 

compressed to very high pressures — up to 4,000 lb. through friction in the pipes may be estimated 

per square inch — can be stored in steel cylinders, at 5 per cent, per mile. The power is converted 

and used to propel locomotives and motor-ears, i nto rotary motion by means of hydraulic, 

the air being supplied through reducing valves, engines, consisting of pistons working in cylin- 

which lower the pressure to 150 lb. or less, to ders, and controlled by valves acting on the w’ater 

the cylinders of air motors. It will be observed, supply ; owing to the incompressible nature of 

however, that the use of compressed air is due water, such engines cannot be run at high speeds, 

to questions of convenience, not efficiency or and therefore multiplying gear is generally 

economy of power. An important consideration necessary. When tho engine is direct acting, 

is the danger of explosion, due to tho presence the efficiency is about 85 per cent. ; the use of 

of oil or coal-dust in the air passages, which gearing reduces the efficiency. In engineering 

are ignited by the high temperature of the air. works, bridge construction, shipbuilding, etc.. 

Liquid Air. Liquid air-— that is, air hydraulic power is widely used, being unexcelled 

which has been cooled by expansion to a tempera- in convenience and spcea for riveting, punching, 

ture so low (minus 192° C.) that it becomes shearing, and bending. The machines used 

liquid at atmospheric pressure — has been are very efficient and simple, consisting of little 

suggested as a possible means of power trans- more than pistons and cylinders. For com- 
mission, as it increases in volume 720 times pressing bales of cotton,* hay, etc., hydraulic 

in passing from the liquid to tho gaseous condi- presses are most suitable. In dockyards, 

tion. This process, however, involves gain of railway stations, warehouses, etc., hydraulic 

h^at from external sources, such as the atmo- cranes are very common, handling the greatest 

sphere and the apparatus in w'hich it is used, weights, and hydraulic lifts are met with almost 

the whole of the work, in fact, being done by this everywhere. Huge hydraulic forging presses 

absorbed heat. Whether doing work or not, the have largely superseded steam hammers for 

liquid is constantly boiling aw'ay, due to the forging heavv iron and steel shafts, etc., while 

inflow of boat, and provision must be made to small hydraulic jacks, worked with hand pumns, 

prevent the pressure of the gas from rising are the most convenient and powerful portable 

to a dangerous degree. The efficiency of the lifting devices known. It will be observed 

system would be excessively low, and the danger that slow and intermittent motions are the mo3t 
not inconsiderable. suitable for operation by hydraulic power. 

Power concluded ; followed by Prime Movers 
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By CLAYTON BEADLE and HENRY P. STEVENS 


GLUES AND ADHESIVES 

We can trace back the use of glue as an adhesive 
to the times of the ancient Egyptians, who in the 
reign of Thotmes or Thutmosis were certainly 
acquainted with the art of veneering — that is to 
gay, coating ono piece of w'ood with a thin layer of 
a more valuable material. In the sculptures of 
Thebes a workman is represented engaged in this 
work, while another is spreading glue with a brush. 
The pot for the glue is there standing on the fire, 
and a piece of glue with its |>eculiar conchoids! 
(shell-like) fracture. This attests to the use of glue 
by the Egyptians 3,300 years ago (Lambert). 
Besides this, there are plenty of references to glue 
in the literature of the ancients and the Middle 
Ages. 

What is Glue? (due is an animal product 
obtained from quite an assortment of substances, 
such as skins and other tissues, cartilage, hides, 
bones, fish bladders, fish scales, anti all sorts of 
refuse odds and ends by boiling thorn down with 
water and suitably purifying the liquor. On cooling, 
it s^ts to a stiff jelly, the consistency and colour 
of which will depend on the raw materials and the 
purity of the final product. (Hues may be roughly 
divided into three classes — skin glues, bone glues, 
and fish glues. These will lie dealt with in order. 

€Sel» tine is another product of the same nature 
As glue, and may be defined as a very pure, almost 
colourless variety of glue in the manufacture of 
winch every possible care has been taken. The 
distinction between glue mftl gelatine is not very 
well defined, and the terms are often applied some- 
what promiscuously. The points in which glue 
and gelatine differ are enunciated by Rideal as 
follows : 

Gelatine is made in pale, nearly colourless, thin 
sheets, and is used for purposes in which absence of 
taste, odour, and colour, with firmness of jelly and 
easy solubility, are required. 

11 Glue, on the other hand, is employed for its 
adhesiveness, stiffncs.s, and elasticity, and is met 
with in the familiar thick and dark sheets.” 

The mode of manufacture of gelatine is, on the 
whole, similar to that of glue, and we shall therefore 
lie content to indicate in the projier place, when 
describing the manufacture of glue, any differences 



»n treatment or further precautions which it may 
be necessary to Like. 

SKin Glue. This is obtained from the waste 
pieces of hide, etc., rejected by the tanner, who 
removes those portions which are unsuitable for 
conversion into leather, as, for instance, the heads 
and feet of calves and sheep, and waste, such as 
tail pieces of oxen, ears, clippings, etc. The hido of 
old animals is said to yield the liest glue. The 
material, or “ stock,” is steeped in wooden vats, 
or cement-lined lime-pits, where the hides are 
exposed to the action of lime ami water for 
two or three weeks, or longer, according to the 
class of material. A 2 per cent, milk of lime is 
used, and removes any fat adhering to the hide by 
saponifying it (converting it into a lime soap). It 
also swells the tissue, and helps to remove dirt 
and any blood or (leshy substance remaining 
attached to the hides. From time to time during 
the process the skins are raked about so as to 
expose fresh surfaces to the action of the lime. 
The cuticle, or outer skin, having been softened by 
this treatment, the hair can more readily be 
scrajKid off. After this, the hides must be thoroughly 
washed to remove every trace of lime, for which 
purpose it is not unusual to give them a preliminary 
souring with weak hydrochloric acid. This forms a 
soluble salt (calcium chloride) with the lime, which 
is easily washed out with water. The washers arc 
provided with mechanical agitators, which keep the 
hides gently stirred until the operation is complete. 
The hides are then taken from the washers, pressed 
to remove excess of water, and hung up to dry. 

New Inventions* In some works the use of 
lime has been given up, and a weak solution of soda 
is used instead, with this advantage — that the hides 
arc much more easily washed free from alkali. The 
material is then treated with sulphurous acid solu- 
tion in wooden vessels. This process, which we owe 
to I)r. Terne, loosens the skins so that on extraction 
the resulting liquors are clear and almost water 
white*, and the glue or gelatine has an excellent 
ap [tea ranee. 

Where lime is still used, the souring with hydro- 
chloric acid is likely to be replaced by a new process, 
devised by Francis T. Oakes (United States Patent 
9D8.2D3), in which the hides, after washing with 
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water, are immorsed in a bath containing 5 per oent. 
of glucoBe syrup and 1 per oent. of sulphur, reckoned 
on the weight of the skins or hides, with the further 
addition of 1 lb. of yeast for every 1,000 lb. of 
.material treated. The bath is heated to a tempera- 
ture of 95 to 100 p F. f and is allowed to stand 
twenty-four hours for fermentation to set in before 
.immersing the hides. There is no need to keep the 
hides in constant motion ; it suffices to stir them 
every hour or so to ensure uniformity of action: 
oven heavy bull hides will be freed from lime and 
bo left in a free and open condition at the end of 
eight hours. The process may be made continuous 
by removing half the liquor and adding further 
quantities of glucose, sulphur, and yeast after each 
lot of hides is removed, and before a new “ pack ” 
is added. 

Extracting the Glue. The hides are now- 
taken to the boiling vat, which consists simply of a 
large open vessel, with a coil of steam-pipes under a 
false bottom through which live steam can be 
forced into the vat. Under this treatment the 
mass of hides gradually sinks down, and the hot 
liquid dissolves out the glue. It must not, however, 
lie supposed that the hides contain glue in the form 
in which we know it. The hot steam brings about 
chemical changes in the complex substances of which 
the hides are composed, liberating the glue, which 
dissolves in the liquor. As the material is gradually 
exhausted, fresh hides are added, and when the 
liquor is sufficiently concentrated (as shown by 
allowing a little to cool, and testing the firmness of 
the jelly), it is run off, strained through a sieve, and 
allowed to settle in vats for clarification. There are 
several chemicals which can be used to clear the 
solutions, but potash alum is usually found to work 
best. The liquors must be kept hot all the time by 
appropriate steam coils. 

It remains only to concentrate the liquors suffi- 
ciently, which is most economically effected by 
treatment in some form of vacuum pan or multiple 
effect evaporating plant. [See Soda Recovery in 
Papermaking.] Before going further, we shall 
trace the production of glue from bones to the 
stage wo have now reached in treating hides. 

Hone Glue. Bones consist for the most part of 
mineral substances — phosphates and carbonates of 
lime and magnesia — in conjunction with certain 
organic constituents. These latter yield the glue 
liquor on extracting with hot water, but all bones 
as they reach the glue works also contain a 
certain amount of fat. The percentage both of fat 
and glue will vary with the age of the unimal, as the 
bones of older animals contain a larger proportion 
of mineral matter. Thigh bones (marrows) yield 
more fat than heads, ribs, und shoulder-blades. 
On an average, the proportion of fat may be put 
at 17 per cent, to 1 8 per cent, in the former, and at 
12 per cent, to 13 per cent, in the latter (Lambert). 
On the other hand, the long bones of limbs and 
vertebra) yield less glue. The organic matter other 
than fat from which the glue is derived will amount 
to 21 per cent, to 22 per cent. These figures refer 
to fresh bones, but those which, have. already been 
put to other use, such as soup-making, will yield 
much less of both fat and gelatine. 

Degreasing Processes. Removing fat, 
or 44 degreasing^ the bones, is the first operation, 
and used to be carried out by boiling in an open 
vessel and skimming off the fat. This method was 
subsequently improved upon by heating in a closed 
vessel under pressure (40 lb. to the square inoh), and 
the yi&d of fat (bone grease), a product of consider- 
able value to the soap-maker, was thereby increased 
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from 5 per cent to 7J per cent., but at the same 
time a large proportion of the glue was extracted 
and obtained in admixture with the fat, necessitating 
subsequent separation. In the more modern 
methods the fat is removed by dissolving it out with 
a volatile organic solvent, such as benzone, whereby 
the bones are left in an unaltered state for glue 
extraction, and the fat can be obtained by evaporat- 
ing off the solvent, which is then used over again 
in the next operation. The plant [1] consists of an 
upright boiler or extractor to take five tons of bones, 
which, after sorting and partial crushing, are intro- 
duced through a manhole in the top. Solvent is then 
run in. This usually consists of shale spirit or 
petroleum, boiling about 100° C., and freo from 
the higher boiling constituents, so that it is com- 
pletely volatile at temperatures attainable in the 
d istilling a pparatus — say, 1 35° C. Steam 
is now admitted to steam coils at the 
bottom of the extractor so that the hot 
solvent dissolves tho fat; part of it, 
however, distils away througn a pipe at 
the top, carrying with it moisture from 
tho bones, and the vapours are led to 
a suitable condenser. As soon as the 
moisture has gone off, the solvent with 
tho fat in solution is run off to the dis- 
tiller, and a fresh quantity of solvent 
is admitted to the extractor. Tho dis- 
tiller is provided with steam coils, so 
that the contents may be heated and 
the solvent driven over into the con- 
denser. The process may be repeated 
three or four times, when practically all 
tho fat will have been extracted. There 
remains to be recovered only a portion of 
the solvent still adhering to the hones, for 
which purpose live steam under 70 lb. or 
80 lb. pressure is ^driven through tho 
mass, carrying the solvent with it away 
to the condenser. Under the condenser 
is tho separating tank, where the light 
solvent is drawn off from the aqueous 
liquor into the storage tank for use over 
again. 

Cleansing Process. The de- 
greased bones, which will not retain 
more than *2 per cent, of fat, are re- 
moved from the extractor, and put 
through a slowly revolving drum built 
horizontally. The drum is made of 
stout wire gauze of wide mesh, and as 
the bones pass down, any pieces of 
foreign matter, dirt, etc., drop out, and 
oje eliminated, while the purified de- 
greased bones, containing 5 per oent. or 
6 per cent, of nitrogen in a form removable 
as glue, pass on to the glue-boiling process. 

Bolling Process. This process is similar to 
that used in treating hides and is carried on in a 
large steel boiler [2] provided with a manhole at the 
top for introducing the raw material, and another 
at the bottom for withdrawing the exhausted 
material. As the extraction is carried out by live 
steam under pressure the boilers must be somewhat 
differently constructed from those used for treating 
hides. The live steam enters at the base and is 
distributed under a false bottom, on which the bones 
rest, and may be blown off from a pipe leaving the 
boiler at the top. 

The pressure is allowed to rise to 15 lb., at which 
it is maintained for a couple of hours, when it is 
reduced to 5 lb. It is found that lowering the 
pressure causes the glue which has formed in the 




pieces of bone to come to the surface (Lambert). 
When the extraction is complete tho bones are 
washed down with water from a sprinkler in the 
top of the boiler and the liquor is run off. The bones 
yield about 40 per cent, of their weight of glue as 
the result of double extraction ; only a very small 
amount — about 4 per cent.-— remains in the bones. 

Clarification and Concentration of 
Liquors. As the glue-liquors leave the boiler 
they have a concentration of about 20 i>er cent , 
but they require to be further evaporated ro that on 
cooling they solidify to a firm jelly of such con- 
sistency that it can be conveniently handled — 
that is, moulded, cut up, and dried. Previous to 
concentration, the liquors are heated with sulphate 
of alumina or alum in the same maimer as the 
extract from hides were in the clarifying vat. About 
one half per cent, of alum is required, reckoned on 
the dry weight of the glue, and the liquors are 
heated to boiling for ten minutes by means of live 
steam. On standing, the heavy im- 
purities settle to the bottom, and the 
lighter ones remain as a scum upon Jhc 
surface and art', removed by filtration 
through gauze of fine inesh or coarse 
calico. 

If, however, the glue-liquors have 
been prepared from sound “ stock ” and 
properly cured, the first run of liquor 
comes away in a practically clear con- 
dition from the boilers. A large and 
relatively shallow vat is all that is 
necessary for clarification. The liquors 
arc run into the vat and given sufficient 
time to allow the heavy impurities to 
set tle out. The liquors from subsequent 
extractions are usually muddy, and 
instead of attempting to clarify them, 
it is the custom of some manufacturers 
to incorporate with them substances 
such as zinc white or barytes to pro- 
duce the so-called “ Russian glues.” 

In the preparation and concentra- 
tion of ■ glue-liquors, an apparatus (3 
and 4] is much in use for ascertaining 
the percentage of glue in the liquors. 

This glue- tester [3] is a form of hydro- 
meter | see Physics], with a compen- 
sating thermometer made in one piece. 

To find the percentage of glue the instru- 
ment is immersed in the liquor and the 
reading taken at the point where the 
stem rises above the surface. The figure 
so obtained is corrected for tempera- 
ture by a reading of the thermometer 
scale on the back of the stem and showu on some- 
what magnified scale in 4. Thus, supposing the 
instrument sank to tho mark 25 on the large 
scale, it would be necessary to subtract 77, 
thus 25 — 77 — 17 '3, which gives the per- material 
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centage of glue straight away. 

The concentration is best carried out in a double 
effect vacuum evaporator. (We cannot go into 
the working of Ibis plant here, but it is de- 
scribed under Papermaking, where it is used for 
concentrating caustic liquors.) By this means 
our liquors will now have a dry glue content of 
32 to 35 per cent., according to the time of year. 
Am the consistency of the jelly is affected by the 
temperature a more concentrated liquor is required 
in summer than in winter. 

Bleaching. The concentrated liquors are 
Jften bleached at this stage to improve the colour, 
but the product has not the qualities of a good class 
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gelatine, where freedom from colour is due to 
careful selection of raw material and precautions 
which have been taken in the process of manu- 
facture. 

In any case, sulphurous acid is almost universally 
employed ; more active bleaching agents are out 
of the question, as they would attack and dc«troy 
the glue. 

Bleaching powder has been used in Germany, 
but the operation has to be most carefully watched 
and stopped at the right stage to prevent spoiling 
the glue. Residues of bleach remaining in the 
liquors necessitate the addition of an anti-chlor 
such as sodium sulphite. Sulphurous acid is made 
by burning sulphur in special furnaces [see Acids 
and Alkalies, pages 4025 and 4770]. Tho gas is 
passed through the glue- liquors contained in tanks 
kept hot by suitable steam coils. 

Sulphurous Acid Process. In the manu- 
facture of high-class glues and gelatines the hones 
may bo treated with acid before extracting the glue. 
In the older processes for the manufacture of 
gelatine from bones they wore immersed in hydro- 
chloric acid a sufficient time to dissolve out the 
calcium phosphate and other mineral matter, and, 
after being thoroughly washed, were bleached by 
immersion in sulphurous acid liquor. The two 
operations are now frequently combined in one. 
The air-dry bones (English Patent 2175, 18114) arc 
exposed to the action of sulphur dioxide for a 
long time in closed vessels until they have taken 
up some 10 to 12 percent, of their weight of the gas. 
Rones that are too dry must first be moistened. 
The chemical reaction that ensues may be thus 
represented : 

Ca.,(P0 4 ). 2 1 SO., h 11,0 - 2CaHP0 4 4- CaSO B 

Insoluble Sulphur Water Add calcium Insoluble 
bone dioxide phosphate calcinm 

material (sulphite ns 

sediment 

The calcium phosphate, which is soluble in weak acid, 
may be removed by leaching, leaving the glue mass 
intact. The bones, which have become brittle, 
are easily extracted, leaving the calcium sulphite 
as a sediment. Tho glue-liquors have an acid 
reaction, and are somewhat muddy. Treatment 
with lime, however, clears them and neutralises 
the acid. 

This process is suited to hones which have not 
been degreased, as the fat separating from the 
glue-liquors rises eh ar from the hot liquor. 

A modification of this method is worked in 
Germany. After treating with sulphur dioxide, 
the bones are sprinkled with water and re- treated 
under a pressure of II to 2 atmospheres at the 
ordinary temperature in lead-lined digesters. Tho 
calcium sulphite is thereby converted into bisul- 
phite. 

0n g (P0*) a I 4H a O 4 4SO a - Caff 4 (P0 4 ) 3 h 2CaTl,(SO,) 2 

Insoluble Iwne Water Sulphur Soluble calcium Soluble calcium 
dioxide phosphate bisulphite 


rims, both this and tho acid phosphate may be ex- 
tracted with wa ter leaving the pure glue muss behind. 

When extracting gelatine, to preserve a good 
colour the temperature of the liquor should not 
be allowed to rise above 85° C. Some of the beat 
gelatine is clarified with albumen, such as blood or 
white egg, in the place of alum. 

Moulding and Cutting. The clarified, 
concentrated, and bleached liquors are jellied by 
pouring into moulds or cooling- boxes, made of strong 
sheet zinc, so that large flat cakes are obtained 
five or six inches thick, or the liquor is rim on to 
glass tables the surfaces of which are kept cool by a 
current of cold water underneath. 
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The blocks of jelly are cut into small slabs by 
wire cutting frames similar to those used in making 
wire-cut bricks or soap-slabbing machines. Either 
the block of jelly is put in a box, the sideH of which 
are provided with a mi in her of slots so that a wire 
fixed on a frame like a fretsaw may be passed down 
thiough the block and guided by the slots on each 
side, or else the block may be cut up into the correct 
number of slabs in one operation by forcing it against 
a frame across which wires are stretched at suitable 
intervals. Jn another machine the block of jelly 
is carried forward on an endless belt and sliced 
by a number of fixed wires which arc 
set diagonally to the cutting plane, 
and therefore at some distance apart, 
so that one slice only is cut at a 
time. It is claimed that by this 
moans a regular and uniform action 
is ensured with less strain on the 
wires, which consequently last longer. 

Ill Hewitt’s process a hollow steel 
cylinder revolves slowly, just dipping 
into a trough containing the glue- 
liquor. A current, of conical brine 5 # KJKPAHL 
is drawn through the cylinder, and fiask 
the flow of brine and the speed of the 
cylinder adjusted so that the layer of glue, adhering 
to the surface of the cylinder solidities in less than 
one revolution, and the firm jelly is wound off in 
the form of an endless ribbon, which then passes 
to ail appropriate machine which cuts it into pieces 
of suitable size. 

Ill some countries the rooms in which glue-liquors 
are solidified have to be cooled in the hot weather. 
This is best effected by pipes riinuiim along the 
coiling and carrying cooled brine. (See Food 
Preservation.] 

Drying* 'Phis is one of the most delicate 
operations in glue-making, and is subject to all sorts 
of difficulties. For some reason or another thunder 
in the air is said to exert an cs|>ecially harmful 
influence, and to spoil whole hatches of glue. No 
explanation has been offered beyond the suggestion 
that the effect is possibly due to the ozone produced 
in stormy weather. 

The glue must not he dried too slowly, or the 
“ bacillus subtilis,” which has the power of liquefy- 
ing glue, may get a foothold, and all sorts of other 
bacteria and moulds will develop. 

From this it will he seen that the old-fashioned 
mode of drying glue in the open could be carried on 
only at certain times of the year, and in certain 
weathers, and even then with very uncertain 
results. 

Modern Methods. At the present, day glue is 
dried generally in tunnel dryers. The sheets of glue 
arc placed on netting (preferably w ire netting, as the 
cotton threads often used are a breeding ground 
for bacteria), and stretched on frames which arc 
piled in stacks in a small waggon made to run 
on narrow rails through the tunnel. The tunnel 
may l?o six or eight feet broad and high and 250 ft. 
Iqpg : it is usually lagged to minimise the inlluetiee 
of the temperature of the surrounding air. A 
current' of air is drawn through the tunnel, the 
temperature of which must be carefully regulated, 
as the melting point of the undried jelly will often 
not exceed 25 w C. It will therefore be necessary 
in hot weather to cool the air in a refrigerator 
before allowing it to* enter the tunnel, otherwise 
the glue will melt and tend to run through the nets. 
On the other hand, the drying must not be too 
rapid, or a tough film will be formed on the 
outside, offering a barrier to further drying of 
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the interior, and preventing gradual and regular 
contraction of the mass. This skin imprisons 
numerous bubbles or air spaces, producing uii 
unsightly apjiearance and diminishing the value 
of the tinished glue. 

As a further precaution against putrefaction, 
the air drawn through the tunnel dryers may be 
charged with small quantities of chlorine or sulphur 
dioxide gases. 

Fish Glue. The purest form of fish glue, or 
“ isinglass,” is obtained from the floating 
bladders of various species of fish, especially the 
sturgeon. The bladders are cut up into strips 
and softened in hot water until the muscular outer 
coat can be stripped off. The residue is freed 
from fat, blood, and other impurities, and after 
drying in the air, forms the raw material for glue 
extraction. In addition to this, a considerable 
quantity of inferior strong-smelling glue is ex- 
tracted from the " offal,” which is first subjected 
to a preliminary washing and then extracted in 
digesters with live steam in a manner already 
described in the treatment of bones. It. is obtained 
in the form of a light brown viscous liquid, with an 
offensive odour. Many of the liquid “ fish glues ” 
sold consist of ordinary bone or hide glue chemi- 
cally treated so that it remains liquid even when 
in a concentrated state. 

Fibrin glue” is another form of animal gluo 
obtained from blood, and there are various “arti- 
ficial isinglass ” or isinglass substitutes on the 
market which, according to Krueger, are prepared 
from the intestines or bladders of sheep and goals. 

Chemical Composition. Now that \fe 
have traced the manufacture of glue from different 
raw materials, let us look a little more closely into 
I he chemical nature of the products. The trade 
draws a distinction between bone glue and hide 
glue, and there are certain chemical tests which 


help us to identify them. On burning a piece of 
glue a voluminous coal-like residue is obtained, 
which, on moistening from time to time with am- 
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moniiim nitrate solu- 
tion, and reheating, 
can Is* burnt away, 
leaving nothing but 
the mineral matter 
originally contained in 
the glue in the form 
of ash. The quantity 
obtained from a pro- 
perly prepared glue or 
gelatine is very small, 
not exceeding two or 
three per cent. Hone 
glue yields a fusible 
ash of neutral re- 
action, consisting 
of the phosphates 
and chlorides of 
calcium and mag- 


nesium; these 


elements may therefore bo detected in a solution of 
the residue by llie ordinary chemical reactions [see 
Analytical Chemistry, page 4407]. The ash of 
hide glues does not fuse so easily, and consists 
of caustic lime, probably arising from lime used 
in the process of “ liming ” the skins. 

But whatever its origin, glue is composed mainly 
of two nitrogenous substances, “ glutin ” anti 
“ chondrin,” closely resembling one another in 
appearance and properties. In chemical composi- 
tion, too, there is scarcely anything to distinguish 
them, both containing 50 per cent, of carbon . and 
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0*640 6*7 per cent, of hydrogen. GluUn, however, 
contains more nitrogen, 18T> per cent, as against 
14*5 j>er cent, in chondrin, the remainder in both 
eases being oxygen. The adhesive properties are 
attributed to glutin and, although both glutin and 
chondrin form jellies, the latter forms the firmer 
of the two. If this be so, glutin should bo the 
main eonstituent of a glue for adhesive purposes, 
and chondrin where high gelatinising powei is 
required, as in the preparation of table jellies. 

Small quantities of acids, alum, lead acetate, 
etc., precipitate chondrin from an aqueous solution, 
while solutions of glutin are not so precipitated. 

Chemical Reactions. One of the most 

characteristic reactions of a glue or gelatine solution 
is obtained on nddinst a little solution of tannic 
acid, whereby a white, floeeulent precipitate of 
tannate of glutin is obtained, which is soluble in 
alkalies. On drying it forms a hard, brittle mass. 

Attempts have been made to estimate glue b\ 
precipitating it witli a tannin solution and weighing 
the precipitate, or by adding a known excess ot 
tannin, filtering off the precipitate, and determin- 
ing the tannin in the filtrate. The precipitate, 
when thoroughly washed with hot water and dued 
at 1 0f> v C., is said to contain approximately 42*7 per 
cent, of glutin. But the nitrogenous matters in glue 
consist of other substances besides glutin, and in- 
clude chondrin, albuminoses, and peptones, some of 
whioli are of lit tie or no value; indeed, peptones 
actually detract from the value of glue. All of these 
are precipitated with tannic acid, and would, there- 
fore, be reckoned as glutin in an analysis made in the 
above manner. When it is further remembered 
that “ over boiling ” detracts from the value of a 
glue, and that “a solution allowed to cool and 
remelled lias not the same tenacity as a freshly 
prepared solution” (Lambert), probably owing to 
the formation of peptones, the need lor a tost 
which will discriminate between glutin and the 
peptones formed by its decomposition is all the 
more evident. On the other hand, it is said to be 


a distinct advantage to use glue which has been 

dried down and dissolved up again ^ 7 

for sizing;pu|>ei\ \cup/ 

The determination of the jkt- Towaf 

(•outage of nitrogen, best effected rqo 

by Kjeda Ill's method, also fails to 
discriminate between glutin and 
other nitrogenous substances, al- 
though this test is of considerable 
value in estimating the percentage 
of glue in nomiitrogotious sub- 
stances generally. 

Kledahl Estimation. Or- 
ganic substances containing nitro- roun\eu 

gen (as albumens or proteids) are button 

completely decomposed when di- 1 / 

gested with hot strong sulphuric 
acid. The nitrogen passes into the Jellv 
fortn of ammonia and remains, in 
combination with sulphuric acid, 

as ammonium sulphate. An ae- 

eurately weighed quantity — say, one 8. lippovvitz 
gramme or more — is placed in a flask shot test 

[5] with a capacity of two or three F0R GLlTK 
hundred cubic centimetres and a mV araTvvrv 
measured quantity of strong sul- 
phuric acid is added. The acid need be measured 


only roughly, and 10 or 20 c.c. will suffice. The 
is heated with a email flame and much sub 
phiir dioxide gas is evolved. Fig. 0 illustrates the 
Process of heating three such flasks. At this stage 
the cQaotents may have a tendency to foam over 


and must be carefully watched. Then add 4 grammes 
(approximately) of sodium sulphate for every 
10 c.c. of sulphuric acid taken, and heat up the 
flask, so that the contents just boil. The addition 



7. KJKDAI1L DISTILLATION APPARATUS 


ol sodium sulphate will allow a higher temi>crttture 
to be reached than would otherwise be the case. 


and the miction being more energetic proceeds 
faster. The charred mass gradually changes to 
dark brown, then yellow, and finally colourless 
liquid in the course of two or three hours. After 
cooling, dilute with wafer and distil ofl the am- 
monia with caustic soda, collecting in an excess of 
standard acid. This method is very extensively 
ust'd, for instance, by the physiological chemists and 
all who require to analyse organic products con- 
taining nitrogen, such as gelatine, glue, etc. Thus 
it may be applied to dcteimine the amount of 
gelatine in (tub-sized) paper or the percentage 
of albuminoids in cattle food, etc. [see Cattle* 
Foods]. It is often necessary to make 
seveiai analyses at the same time, wdien the 
apparatus shown in 7 will be found suituble. 

Blank Determinations. Should 
either the sulphuric acid or sodium sul- 
phate happen to contain any ammonium 
salt the calculated result will give too high 
a value, as this and any other nitrogenous 
matter will be reckoned as con- 
tained in the substance analysed. 
concave Tt is usual to make a “ blank ” 
surface estimation, which is carried out in 
convex exactly the same manner as the 
surface foregoing, using the same quantity 
of leagents, heating the same length 
of time, etc., but without adding 
any of the substance to lie tested, 
if the titration show's that some 
of the standard acid in the flask 
has been neutralist*!, the calculated 
9. kisslinci’s amount of nitrogen must be de- 
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ducted from the total nitrogen 
found. Nhould tho blank experi- 
ment show a considerable per- 
centage of ammonia distilled over. 


there is something, seriously wrong. Either some 
alkali has been carried over or the reagents are 
impure, and the analyses must be repeated. 

Zinc Sulphate Method. Trotman and 
Hackford recently claim to have solved the problem 
“ and to have shown that good and bad glues may 
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be chemically differentiated by means of the ratio 
between total nitrogen and nitrogen in substances 
precipitated by zinc sulphate, and that any careless- 
ness in manufacture which increases the quantity of 
nitrogen incapable of such precipitation decreases 
to a corresponding extent the value of the finished 
glue.” The method is carried out as follows : 
One gramme of finely powdered glue is dissolved in 
not more than 20 c.c. of water. To the hot solution 
crystals of zinc sulphate are added in excess to 
saturate the liquid. It is then well stirred with a 
glass rod and filtered through a funnel containing 
a plug of glass-wool forced into the stem and 
washed witli saturated zinc sulphate solution. 
The glass-wool and precipitate are then introduced 
into a Kjedahl flask and the nitrogen is estimated 
in the usual manner. 

Glue is best dissolved by first allowing it to stand 
overnight in cold water, which causes it to swell 
greatly, and then pouring off the water and dis- 
solving in a fresh quantity of hot water. The glue- 
]>ot should not be heated over a free fire, as lumps 
of partially dissolved material may stick to the 
bottom, and char, but the vessel containing the glue 
should be placed inside a larger vessel containing 
the hot water. Prolonged heating injures the glue, 
detracting from its consistency, and increasing the 
tendency to foaming, both effects, according to 
Trotnian and Hackford, being clue to formation 
of peptones. A glue which foams badly is of little 
use in making joints, especially when applied by 
means of a rotary brush, as the air-bubbles spoil 
the joint; in dressing fabrics a glue of this soil 
produces an uneven deposit. To test t ho tendency 
of a glue to foam, 25 c.c. of a JO jkt cent, solution 
is poured into a graduated tube 70 cm. long, having 
a capacity of 70 c.c., and warmed in a water bath 
to 00° C. The tube is then corked and vigorously 
shaken. The height of the foam, termed the 
“ foam figure,” is read off, and on comparing ,x 
number of samples in this manner their relative 
value may be ascertained. 

Consistency. It should be remembered that 
most glue tests are only relative, and to obtain 
results of value one sample must bo taken as a 
standard by which to compare the others. 'I'll is con- 
sideration applies to tests of consistency or strength 
of a glue jelly. Equal quantities of the glue samples 
are weighed out, and 10 per cent, jellies prepared. 
It is as well to weight the swollen glue that lias stood 
in water overnight. As a general rule the bettor 
the glue the more water it takes up. The consistency 
ioi the 10 per cent, jellies may be compared by 
fwetfsing them gently with the finger tips. Not- 
withstanding the “ personal equation,” differed 
persons will usually grade the jellies in the same 
ofder. 

Lippowitz applies the test in a different manner. 
Five parts of glue are dissolved in 45 parts of water, 
and the liquid pouted into a cylinder 1 8], allowed to 
cool, and to stand twelve hours. A cup is fixed tea 
metal rod provided at the lower end with a button 
shajied like a bolt head, which rests on the top of the 
^jelly, and the rod passes through a guide fixed to 
the top of the cylinder. Shot Is poured into the 
eup until the bottom end of the rod ruptures the 
surface of the jelly. 

Tenacity, No satisfactory method has yet been 
devised for testing the tenacity of glues. \Veiden- 
busch works up powdered gypsum with a 10 per 
cent* solution slightly warmed, and moulds it into 
narrow rods. A rod is tested by laying it across 
.0 metal ring, and pouring mercury into a cup sus- 
\ pended from the middle of the rod. The weight 


of mercurj|rcquired to break the rod js a measure 
of the adhesive properties of the glue. 

Other experimenters glue together the surface* 
of wood or metal and determine the force required 
to wrench them apart. The disadvantage of using 
wood lies in the fact that the wood itself at times 
gives wav instead of the glued surfaces. Kissling 
uses nickel-plated iron [0], out objections have been 
raised to tho use of a smooth metallic surface 
for testing glue intended for applying to the un- 
even surface of a piece of wood. From the paper- 
maker’s point of view its strength-giving qualities 
should be determined in the manner described for 
gum arabic. 

Glue and Gelatine, We have enumerated 
some of the principal tests for glues, let us now 
compare the results of tests made on a iino brand 
of gelatine and on an average sample of dark 
Scotch glue. It w r as found that the tenacity of the 
Scotch glue was rather greater than that of the 
gelatine. On preparing 5 per cent, jellies of each 
the consistency of the gelatine jelly was 10 times 
as great as that of tho glue in cold weather, while 
m warm summer weather the glue was liquid 
while the gelatine was still a stiff jelly. In some 
oases it is of interest to compare the viscosity of glue 
solutions. In the ease we aio considering the 
viscosity of a 5 per cent, gelatine solution was. 
twice that of the corresponding glue liquor. 

Uses of Glue. In the first place glue is 
extensively used by woodworkers and cabinet- 
makers, for veneering woods and other purposes. It 
is aKo used as an agglutiuant in the manufacture 
of matches, to attach the mineral composition which 
forms the head of the match. The textile trades 
use large quantities of the beRt grades for dressing 
and finishing fabrics, and also for mixing with the 
colouring matter in calico printing. Tn combination 
with glycerin, gelatine is used in multiple copying 
presses, and, with chromium salts, in the manu- 
facture of printing-rolls. It is also used for coating 
photographic plates, and for “tub sizing” and 
coating paper. Gelatine is extensively employed 
m culinary w r ork, and in the confectionery trade. 
Although recent research seems to show that its 
nutritive value is probably slight, jellies for table 
use will no doubt continue to find favour. 

The adhesive properties are very great, and 
various forms of liquid glue, usually in oollapsible 
metal tubes, are in general use as a substitute for 
the glue-pot. Fig. 10 shows a piece of glue 
in which a small quantity of glue jelly has been 
allowed to dry down. So firmly has it adhered in 
places to the surface of the glass that on contracting 
it has torn little pieces bodily away, producing a 
jieeuliar fern- like pattern. The destruction of gjass 
and porcelain vessels in which glue or gelatine has 
been inadvertently allowed to dry down is only too 
familiar to the student. 

Casein Cements, The substance known as 
casein , which is now manufactured in considerable 
quantities from milk after separating tho fat, 
has )>een recently applied for a number of purposes, 
among others for the production of adhesive 
cements. An ordinary solution of casein resembles 
in many respects a glue solution, and is prepared 
by dissolving casein at a temperature not higher 
than 60* or 70° C., with the aid of a small quan&ty of 
ammonia or carbonate of soda, preferably Che former, 
as the ammonia gradually evaporates, left viflgf only 
the casein behind 

Another method of dissolving casein is to mix 
150 parts with 75 parts of sodium tungstate. It 
is then gently warmed, stirred, 



mould*. Tho product can lx* used like glue bv 
dissolving in water, or a solution in water may 
be prepared for use. 

For many purposes casein is first softened in 
lime water, and is then treated with further quanti- 
ties of lime and water glass (German patent I lfi.355) 
as follows : 12J parts of ground casein powder is 
mixed with three times the quantity of clear lime 
water, and allowed to stand for 48 hours. The mass 
of swollen casein is further tre ited with 2J parts of 
lime, and 25 parts of water, and vigorously stirred 
for 20 minutes. Tho mixture is further treated 
with 17J pails of water glass, and again thoioughly 
mixed. After standing for some time the mas* is 
further diluted. 

Besides alkalies and ammonia, a number of other 
substances may be used for dissolving casein and 
preparing a liquid glue, such as borax, sodium 
phosphate, sodium tungstate, and sodium silicate. 
This last is said to yield the best cement for porce- 
lain, although cements for almost every purpose 
can be prepared by suitable choice of solvent.. 
| For uses of casein as distemper see Pai>ts am» 
Polishes.] 

Adhesives of Vegetable Origin. Those 
usually belong to one of two classes. In the 
first class we may place gum ainhic. In the 
second starch, dextrin, etc. [see below | 

(bun nrabie is an exudation from the baik of 
certain varieties of acacia trees, 
and never comes from Arabia, a*- 
its name might lead one to infer, but 
from parts of Africa, particulailv 
the North-east, West, and South. 

That coming from the North-east 
is generally regarded as the highest 
<|inlity. Senegal and the Cape 
yield similar gums. A new source 
of supply lias recently been dis- 
covered in Central Asia, in the 
districts traversed by the Bagdad 
Railway. 

Some of the gums do not dis- 
solve in water, but form a thick, 
slimy mass, and are used for thick- 
ening polishes, ete. The tine gum 
urnl>ic is soluble in water, and gives n solution 
which reacts weakly acid to litmus. This acid 
reaction, however, is not brought about by the gum 
itself, but by traces of sulphurous acid used foi 
bleaching and purifying it. 

The gums are usually found in conjunction w ith 
small quantities of mineral bodies, sugars, tannin, 
colouring matters, etc., and to prepare the pure 
substance they are dissolved in water and the 
solution dvilysid — that is, placed in a circulai 
tray like a drum-head, with a parchment bottom. 
This tray is floated on a pan of water. Most of 
the impurities pass through the membrane, 
leaving the solution of pure gum behind, which 
can lie further purified by precipitating w ith alcohol. 
Very little is known as to the chemistry of the 
pure gum, whether it is a single substance 1 or a 
mixture of substances, although the latter view 
i* tho more probable. When boiled with dilute 
sulphuric acid a peculiar five carbon sugar known 
a# nrabinose is produced. 

Characteristic* and Adulterants. The 
varhtity of gum arabic which are found on tho 
market are characterised by thei> strength, colour, 
and solubility, ns well as by the country from 
which they ate imported. Good varieties dissolve 
completely in 4heir own weight of water, and as 
easily M e^d water as in hot. 


APPLIED CHEMISTRY 

Solutions of gum arabic road in a peculiar 
manner with starch paste, and convert the latter 
into dextrin. The two, therefore, cannot be 
combined in tho pieparation of adhesive substances. 

In appearance, gum arabic consists of rounded 
or long-shaped lumps, varying in colour, odourless, 
and with only a very faint sweetish taste. The 
outer surface is often scarred and cracked. Gvun 
arabic is frequently adulterated, especially as the 
better sorts are not easily obtained. It should be 
carefully examined, and "appropriate teds applied 
according to the purpose for which it is required. 
Dextrin is a common adulterant, and may Ik* 
detected by the following test, depending upon the 
fact that the solution of gum is precipitated in it*> 
gelatinised state by ferric chloride. A sample is 
dissolved in two parts of watei and a few drops 
of concentrated solution of ferric chloride added. 
'Flic solution gelatinises, owing to the presence of 
“ arabin.” Should, however, the sample be adul- 
terated with dextrin a whitish precipitate i- 
formed on shaking with water. When only the 
pure gum is present, the gelatinous precipitate 
remains unchanged. Dextriu may also be detected 
by testing with Fehling solution, as commercial 
sample- always contain sugar. 

Gum arabic gives characteristic colours when 
treated with acid solutions of certain phenols, 
which are useful for purposes of identification. To 
separate a mixture of gum arabic 
and gelatine or glue, the property 
of tannin to precipitate the latter 
substances may be made use ot. 
the gum arabic remaining in solu- 
tion, which may be filtcied off from 
the precipitate. 

Adhesive Power. To test 
the adhesive propci ty of gum arabi'*, 
stiips of paper are saturated with 
a weak solution, and after drying, 
their strength is tested in a ]>npcr- 
t cst mg l >a pa rUtu s. | See Paper Test - 
ing.] It will be found that tlu* 
pa)H*r. after soaking in the gum, 
has become much stronger, at times 
twice as strong as the untreated 
piper To arrive at a figure for the adhesive quality, 
the strength of tlu* uni rented strip is .subtracted 
from that of the ticated. The weight of gum taken 
up by the paper is al-o detei mined by weighing 
the paper befoie and after treatment. Imagine 
this weight of gum spread over a surface equal to 
that of the strip of paper, a figure for the strength 
may then be calculated on the unit sectional 
uioa. 

As an adhesive, gum arabic is used for paper 
almost entirely, especially for stamps, envelopes, 
labels, etc., although mixtures of other amt 
cheaper substances are often used for the same 
pi it* [lose. 

For coating paper, a solution of 19 to 21 Be. 
i« strong enough. Such a solution is easily applied, 
and gives a coat having the necessary adhesive 
quality. 

It i» of importance that not more gum than neces- 
sary should be laid on to the surface of paper. Tims, 
according to Dr. Krueger, the stamps of the Swiss 
Government are too heavily laden with gum. 
When fixed on to an envelop they are easily 
shifted before tho gum has dried hard. The addition 
of borax as a thickener to solutions of gum arabic is 
recommended, and sulphate of alumina or calcium 
nitrate may also be used. They prevent the solution 
of gum penetrating too far into paper. 
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STARCH 

Starch' is an ’ organic substance belonging to a 
class bf bodies termed carbohydrates, and is com- 
posed of Carbon, hydrogen, and oxygen in tlto 
proportions represented liy -the' formula, G fi H, ,)0 R . 
-It is very widely diffused in the vegetable kingdom, 
being an invariable constituent of plants, occurring 
(‘specially in the seeds of the cereals and jn roots 
and tubers, such as the potato. 1 For manufacturing 
purposes, a plant is chosen which is easily cultivated 
besides containing a large proportion of standi, 
different raw materials being treated in different 
countries, according to climatic and other conditions. 
In ‘-England, 1 rice starch, made from imported 
‘material, is the chief product, and is usually pre- 
ferred for laundry work. In Germany, large quanti- 
ties of potatoes rtre grown esjiecially for the purpose 
of making starch, ’and although the ordinary edible 
potato contains some 13 per cent., the cultivation has 
made such progress that the average ]ierccntagc has 
l>eon raised to 20 per cent, and even more. Al- 
though some potatoes are used in the United States, 
they are not cultivated sjiecially for 1 lie purpose, 
the main raw material consisting of maize or Indian 
corn. In lOOUsome 110,290 tons were manufac- 
tured from this substance [see “ Census Bulletin ”), 
and aS maize contains a fair proportion of proteid 
bodies (especially in the germ) as well as oil, it is 
sufficient to remove the greater part of the starch, 
leaving a residue containing the remainder of the 
starch, together with the proteids for use as cattle- 
food. Potato starch fetches a higher price than 
maize starch, as it is preferred for some manu- 
facturing operations, especially in the textile indus- 
tries. 

Many other plants are worked up for the pro- 
duction of foodstuffs, such as cassava, arrowroot, etc. 
Much of the starch manufactured is converted into 
glucose for British gum, syrups, etc., and, in addition 
• to the large quantities used in laundry work, it is 
also applied for sizing paper and cotton goods, 
dressing cloth, calico printing, etc. 

Manufacture. The processes vary consider- 
ably, according to whether the raw material be 
rjee, potato, or maize. Potatoes are first cleansed 
by Steeping and washing in cylinders with sjieeial 
contrivances to remove stones. They are then 
i educed to pulp in special contrivances, provided 
with rapidly-revolving arms. In order to break up 
the cells and liberate the starch as completely as 
possible, a machine, known as a rasper, is frequently 
pin ployed. The potatoes pass into a hollow cylinder 
provided with saw-blades oil tlio inner surface. The 
cylinder is also fitted with a rapidly revolving shaft., 
carrying fork-shaped scoops, which pick up the 
potatoes and press them against the saw-blades, 
while water driven through the cylinder carries 
away the pulp with it. This pulp consists of starch 
granules, with a certain proportion of fibre, and the 
latter is separated by running the pul)) through 
cylindrical wire gauze sieves of different mesh, so as 
to retain the coarser particles, while the Htureh 
granules sus)>cnded in water (starch milk) collect in 
^large vats, where further separation of sand and 
heavy impurities is effected by stirring up and run- 
ning off the starch milk. The liquors pass to 
settling vats or inclined planes, where most of the 
water is removed, the remainder being separated by 
filtration or by the aid of the centrifuge. 

Rice Starch. Rice contains as much as 
80 per cent, of starch, but its separation is difficult, 
as ft is intimately bound up with the gluten. It is 
necessary to have resource to a chemical treatment. 
The rice is mat crated for twenty-four hours with 


weak caustic alkali, 200 gr. to the* gallon, aiid f after 
running off the alkali, is well washed. It is then 
ground in suitable machinery, and the flour passed 
through sieves, the coarser particles being returned 
to the mill for further Teduotion. The flour is then 
subjected to a second alkaline treatment, under the 
same conditions as before, and finally separated 
from impurities by subsidence and passage through 
silk sieves. 

Wheat Starch. The whole corn is first 
steeped in water till soft, then crushed, and the 
liquor allowed to ferment. The action of the ferment 
is similar to the alkali used in the preparation of 
rice starch. Wheat was formerly muen used for 
preparing starch, but for manufacturing purposes 
it lias been replaced by cheaper substitutes. 

Maize Starch. The manufacture of maize 
starch is very complicated, as the by-products con- 
sisting of the gluten germ and oil serve for cattle foods 
and other purposes. The process consists in steeping, 
followed by rolling and threshing, much of the 
starch liquor being separated at this stage by means 
of rubber-rolled wringers called “ slop machines." 
The remaining semi-dry mass is treated in “ gerin 
separators,” somewhat oil the lines of a washer and 
stoncr | see M ill ing, page 3078]. In t he starch liquor, 
8*5° Be., the shells sink while the germ floats and is 
separated, the oil expressed, and the cake used for 
cattle foods. The pin lit used is described in that 
section. The starch liquors are run through metal 
gauze sieves, called “ shakers,” to remove germs, 
and the starch is separated in cone settlers or on 
starch tables. The dried starch, containing now some 
10 |X‘r cent, of moisture, is ground in roller mills 
and passed through silk bolting machines. 

Glucose. Strong starch liquors, 24 p Be., are 
pumped into copper cylinders or “ converters,” 
where they arc heated with I percent, of concentrated 
hydrochloric acid for twelve minutes at 3b lb. 
pressure. The starch liquors, now converted into 
glucose, are almost neutralised with soda ash, and 
the coagulated gluten, etc., allowed to settle out. The 
clear liquors are filtered through bone-black to 
decolorise them, and concentrated in vacuum pans. 
Glucose is much used in the manufacture of beer, 
aerated waters, syrups, and jams. 

Starch Granules. The general appearance 
of starch is familiar to most people. The fine white 
powder is tasteless, odourless, and lias a harsh feel 
when rubbed between the lingers. It is insoluble 
in water and unaffected by ordinary atmospheric 
conditions. When, however, a few grains arc put 
under the microscope they arc seen to have a very 
definite and characteristic structure, presenting the 
appearance of rounded or angular cells of varying 
shape and size, according to their origin. These 
granules consist of little sacks of iqert starch, 
cellulose protecting the more reactive “ granulose ” 
or pure starch matter within, In the preceding 
sections (see Acids and Alkalies, pages 462b 
and 4770] mention has been made of starch 
paste, which gives a characteristic blue colour, 
with even traces of iodine, but very little re- 
action is obtained with raw starch granules, as 
they arc protected by the outer skin of cellulose. 
It is necessary to rupture this skin in order to free 
the granulose," w hich is easily effected by treatment 
with boiling water. The .granules swell upland 
ultimately burst, so that on allowing the liquid to 
stand, the empty skins sink to tho bottom, Keying 
a clear solution of the granulose abatfe ’ The 
different starches vary in the esse with- wrtiieh 
they gelatinise, some starch granules bursting at a 



lower temperature than others. According 
to Lintner, potato starch is the most sensi- 
tive to heat, gelatinising at C»3°C. Maize 
starch comes next at 75°. and the others 
at 80° or 85° C. Those data account for 
some of the differences observed in the 
industrial applications of starch. The pro- 
perties of the paste or solution of granulose 
varies a good deal, not only with the 
nature of the starch, but with individual 
specimens. 

Microscopical Examination. As 

stated above, starch granules from dif- 
ferent sources vary in appearance, and 
supply a means of identifying and distin- 
guishing between the different varieties. 

The illustrations j 11], which are reproduc- 
tions of actual photomicrographs taken by 
Mr. Oalt, will make this clear. For full 
detailed information the student is referred 
to his work on the “Microscopy of Ihe 
More Commonly Occurring Starches," pub- 
lished by Rail liere. Tindall & Cox, to 
whom we are indebted for permission to 
reproduce these illustrations. The photo- 
micrographs are taken either by trans- 
mitted light, or on a dark ground. The 
Iranslucency and general apj>caranee are 
best shown by the former method, the 
outline and general shape of the grannies 
by the latter. The magnifications are 
cither 73 or 244 times the natural size, as 
will be seen from the subjoined list. The 
granulose in the interior is built up in 
layers, and some of the granules of potato 
and arrowroot show concentric markings 
which, although faint, are very charac- 
teristic. fn addit ion. most starches possess 
a “ liilum," or mark in the form of a spot 
or cross, the appearance and position of 
which is characteristic for each particular 
starch, thus the liilum of pea starch is 
slit shaped, in maize stellate, in Rormuda 
arrowroot near the broad end. and so bn. 

The starch grains vary greatly in shape : 
potato standi forms flattened ellipsoids — 
that is to say. like an egg somewhat 
flattened - - while maize is polygonal in 
outline and almost flat. Wheat starch 
is lenticular — that K <1 be -shaped — but 
thick in the middle and thinning away 
down to the edges. The size of the 

f ; rains also varies considerably, as will 
>c evident on com] taring the photo- 
micrographs and the magnification. Tons- 
les-mois, a variety of arrowroot, has the 
largest grains, while those of oat and 
rice are very small: the average diameter 
o£ the latter mav be taken as ^thmm. 

‘inks 

The use of inks dates from the times 
of the earlier civilisations, such as that 
°f the Egyptians, and the ink on some 
papyrus documents is as black to-day as 
ever it was. The Chinese, too, invented 
ink centuries before Christ, but it was probably 
in the third century of our era that the so-called 
Indian ink — more correctly Chinese or Japanese 
ink— was introduced. 

Pigments for Ink. Inks may be classed 
according to their nature and mode of manufacture 
«nd use. In the first place it is convenient to dis- 
Writing ink from printing ink, in addition to 
which there are miscellaneous inks, such ns marking 
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PHOTOMICROGRAPHS OF STARCH (Galt) 

inks, copying inks, typewriting inks, sympathetic 
inks, stylographic inks, and many others. In 
the writing inks, the colouring matter or pigment 
is suspended or dissolved in an aqueous liquor, 
while the printing inks arc prepared from colour 
ground up with oil and lithographic varnish. 

Almost any colouring matter or pigment may be 
us(*d in the manufacture of ink, but only some of 
them are really suitable for the purpose, and the 
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APPOtD CHBMI8TRY 

object for which the ink is intended must also l>e 
considered. By far the great majority of inks 
used are black, or almost so, and with these there 
can be no question as to what should guide us in our 
choice of pigments. For documents and immanent 
records the writing or printed matter must be im- 
manent, and must not fade when exposed to t he 
light and air. This at once excludes most colouring 
matters and the coal-tar dyes, which arc not suffi- 
ciently permanent for our purpose. 

For printing inks, lampblack or finely- powdered 
carbon is the material almost universally employed, 
and it is also the basis of Indian ink. In the former 
case, the vehicle used is oil and varnish; in the latter 
a little glue and water. 

Chemistry of Writing Ink. Writing 
inks, on the other hand, dejxmd on the formation 
of tannate of iron in the paper. The permanent 
•olouring matter is not contained in the ink as 
ised, but gradually develops as the writing dries 
m the surface of the pa]>er. At first glance this 
’other curious statement seems open to question, 

we are familiar with inks with black or blue- 
black colour already developed. A short excursion 
into the realms of chemistry will be necessary to 
make this matter clear. 

Writing inks may be prepared by mixing solu- 
tions of ferrous sulphate (copi^ras) with tannic acid. 
The former dissolves in water to a very pale green 
fluid ; the latter, if 
pure, yields an almost 
colourless solution. Lot- 
us imagine for the time 
being that we are work- 
ing with chemically 
pure substances. On 
mixing solutions of the 
two ingredients to- 
gether, an almost 
colourless solution is 
produced which will 
contain ferrous iron in 
combination with tannic 
acid (ferrous tannate). 

Exposed to the air, 
however, it soon begins to darken and deposit a 
black substance: it gets thick, and as an ink would 
soon be of no use at all. The ferrous iron from 
the copperas is rapidly oxidised to ferric iron 
[see Chemistry], and the black insoluble deposit 
formed is ferric iron iu combination with tannin 
(ferric tannate). If previous to mixing the solutions 
of ferrous sulphate and tannic acid a little sulphuric 
acid be added to the former, the oxidation of the 
ferrous tannate is hindered, and the mixture will 
keep for a long time comparatively clear from 
deposit. The amount of sulphuric acid added need 
be only very small. When notopayier is written on 
with this ink, the acid is neutralised by minerals or 
other basic constituents in the paper, and is so 
weakened that it is no longer cajiable of hindering 
the oxidation of the ferrous tannate, and the black 
insoluble matter is deposited in the course of a few 
>hours. Note, too, that it is deposited not- only on, 
but in the. paper, as the wet ink has time to soak 
in some distance before the oxidation process is 
complete. It would, however, be extremely in- 
convenient to write with colourless or almost colour- 
less liquid; hence in the tcchuical manufacture of 
inks an addition of indigo, aniline dye or logwood 
Extract as a “ provisional ” colouring matter is 
made, which, with certain natural colouring matters 
contained in commercial tannin extracts, gives to 
the ink the colour-, we arc accustomed to see. This 
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colour is not permanent, but gradually fades on 
exposure to light and air, but the block irdn tannate 
deposited in the paper is remarkably permanent. 
Tts formation may be noted by comparing the 
colour of writ ing in blue-black ink just drying with 
what has been written the day before ; the latter 
is much the blacker. 

Tannins. Tannin or tannic acid is a substande 
widely distributed in nature and contained iu the 
extracts from a number of plants. Some tannins 
arc not .suitable for ink- making. These are the 
“ iron greening ” tannins, such as are derived from 
hemlock, pine, kino, catechu, etc., which all give a 
green precipitate with iron salts. On the other 
hand, the ‘'iron bluing” tannins, which give a blue 
precipitate with iron salts, and also as a general rule 
with potassium chromate, can all be used for making 
ink. These two classes of tannins probably differ 
from one another in chemical constitution, as on 
heating to lfiO° 0 the “ iron greening” tannins 
yield catechol and the “ iron bluing ” pyrogallol ; 
on lliese reactions is based a chemical test for dis- 
tinguishing between them. 

Raw Materials. Black inks — •that is to say, 
inks which dry black — may be prepared from 
extracts of any vegetable substance, such as myro- 
balans, sumach, valoniu or divi-divi, which contain 
iron bluing tannins ; but the common materials 
arc galls, and the particular tannin they contain is 
known as gaUo-tunnic 
acid. When acted upon 
by weak acids or cer- 
tain moulds, gallo- 
tannic acid is converted 
into gallic acid, a 
chemically simpler sub- 
stance, which goes fur- 
ther in making the 
same amount of ink. 
It is, therefore, used in 
the manufacture of the 
so-culled gallic acid 
inks. Galls reach this 
country from the Syrian 
coast, and are com- 
monly known as Turkey or Aleppo galls [ 12 1. The 
female insect or gall wasp pierces the gall after 
ft time, and escapes. Such galls show small 
holes, and arc known as white galls. They 
contain less tannin than the unpierced galls, and 
consequently arc worth less. A good sample of 
Aleppo galls will contain 00 per cent, or more of 
tannin. 

The common English oakapple gall contains 
much less — 10 to 20 per cent, tannin. 

Chinese galls [13] are largely used on the Continent. 
They are produced by the Chinese aphis, and 
collected before the insect escapes, and contain 
75 per cent, to 80 per cent, of gallotannio acid. 
Similar to the Chinese is the Japanese gall, which, 
however, contains less tannin. The chemist has 
several methods of measuring the amount of tannin 
in these products, and is therefore able to form a 
reliable estimate of the value of any particular 
material for ink-making. 

Formulas for InK. For every part of 
ferrous sulphate an infusion of about three parts 
of galls has been found to produce the best effect. 
There are innumerable recipes, dating from the time 
of Elizabeth. We will cite one or two . 

Galls (1 lb.) extracted twice with 3 pints of boil- 
ing water, and the extract (2 quarts) mixed with 
3f oz. ferrous sulphate, and the -same quantity of 
gum (Reid). 



12. ALEPro (turkey) galls 
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To prepaid gallic acid ink, expose a decoction of 
1 lb. galls to the air for JO days, with continual daily 
shaking, and then add to each quart of the liquid 
3} pints of water, 9 oz. of ferrous sulphate, and 9 ox. 
of gum (Keid). Small quantities of “ provisional 
colours,” such as indigo or logwood extract, may be 
added. 

The following is a standard ink of great per- 
manency, the otlicial standard record ink of the 
Commonwealth of Massachusetts, U.S.A., designed 


for use on State records. It is based on the 
formula of Schluttig and Neumann. We strongly 
urge its adoption in this country for similar 
purposes. 

Tannic acid 23 'I parts 

Gallic acid 7 7 „ 

Ferrous sulphate 30*0 „ 

Gum Arabic 10*0 „ 

“ Dilute ” hydrochloric acid .. 25 0 „ 

Phenol I *0 


Each of the ingredients of quality prescribed by 
U.S.A. Pharmacopoeia. Make up to 1,090 parts 
with water at 00° F. 

What is Good Writing Ink ? The follow- 
ing requirements are given by Mitchell and 
Uepworth : 

1. It must yield permanent writing, which 


but air may be blown in, and certain chemical 
substances known as “ dryers ” arc added, which 
facilitate the thickening of the oil. The operation 
is also carried out at a lower temperaturo than 
would be necessary without dryers [see also Paints 
and Polishes, page 5041]. 

As to the black pigments, all varieties of carbon 
blacks are used, according to the quality of the ink. 
For a description of the different pigments and 
machines for incorporation and grinding, see Paints 
and Polishes: also a carbon black obtained from 
coal-tar, which is described in that section. 

Coloured Inks. These are prepared very 
largely from coal-tar dyes, and it is now possible 
to produce ink of any desired tint or shade. 
Synthetic dyes have mostly replaced the vegetable 
colours previously used, besides which they are 
not nearly so costly. Their chief drawback is 
their want of permanence, especially on exposure 
to light and air. For the ordinary red writing inks 
the common live cosine is generally used, the 
strength required being from 50 to 80 parts of water 
to one part of dye-stuff. It is unnecessary to uso 
any gum or sugar, as such inks arc perfectly fluid 
without such addition. Coloured printing inks are 
of increasing importance in consequence of the 
development of the three-colour and other 


becomes black within the course of a few days. 

2. It must flow readily 
from the pen and ]>ene- 
t^te^ ^ ^vcll ^ |^to ^ t In* 

4. It. should have a 
minimum corrosive 
action on steel pens. 

5. The writing must 
not be at ieky. 

The permanence of 
the writing deter- 
mined by exposure to 13. C'Hl-S 

bright sunlight for 

some time, a comparative test being made with 
a piece of the same writing kept hi the dark. 
The effect of chemicals may also be tried. In 
testing the penetrating power it is, of course, 
necessary to use a standard paper. The extent to 
which different papers are sized varies enormously. 

Inks arc conveniently contrasted with a standard, 
for which purpose the standard ink may be taken 
whose composition lias already been given. 

Printing Inks. These consist of lampblack 
or other finely powdered pigment, incorporated with 
boiled oil or varnish. In the preparation of these 
latter, linseed oil is heated in a cauldron, and kept 
stirred. This causes the oil to thicken gradually, 
so that it can be drawn out into strings. The older 
makers heated the oil till it was on the point of 
taking lire; the source of heat was then removed, 
and the oil set fire to and kept continually stirred, 
the flame being extinguished by a cover, and the oil 
tested from time to time until the desired consis- 
tency was obtained. Savage prepared six quarts 
of “ burnt ” oil in this manner, and then stirred in 
0 lk of resin and 1} lb. of soap. The varnish, 
while still hot. was incorporated with the pigment, 
consisting of Prussian blue and lampblack. The 
preparation of burnt oil was an operation requiring 
the greatest care. Nowadays, the oil is not ignited, 
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processes. The more permanent mineral pig- 
ments arc used wiiero 
Wf possible for reproducing 

coloured plates ; but 
, BP jHHk' for certain colours, 

especially transparent 
colours in three-colour 
• V 3^B t printing, nothing can 

* replace certain of the 

aniline dyes, which are 
sufficiently permanent if 
carefully selected. 

Copying and 
Typewriting Ink. 
SB* Aniline dyes are gene- 

rally used for copying 
inks, and invariably for 
E GALLS typewriting inks, which 

are made so that, they 
will copy, it is true that an ordinary writing ink 
will yield copies if taken at once, but if left over 
till the next day the ink will have oxidised and 
become fixed in the paper, and only the faintest 
copy will be procurable. Copying inks may bo 
prepared according to the formulas for writing inks 
by suitable modification. They are rendered 
capable of being espied by the addition of such 
substances as gum, sugar, and glycerin in suitable 
proportions. 

Miscellaneous Ink9. Inks for rubber 

stump pads are made from a suitable dye dissolved 
in a mixture of water 10 parts, acetic acid 10 parts, 
alcohol 10 parts, and glycerin 70 parts. Marking 
inks are usually metallic compounds, a metal, or 
some compound of the metal, being deposited on the 
fibre of the cloth, so that the writing will not wash 
out. For this purpose silver salts are suitable, a 
common method being to use a mixture of silver 
nitrate and tartaric acid or other substance, so as 
to form an easily reducible salt of silver. On 
passing a hot iron over the writing, the metallic* 
silver is deposited. The following proportions aro 
given by Dietrich: A solution of 25 parts silver 
nitrate, 15 parts gum, 00 parts ammonia solution, 
and two parts of lampblack or indigo, as a 
provisional colour. 
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ITALIAN ‘'"SSSSP By Francescjgj^ Feo 


PREPOSITIONS — '‘ontinuod 
Meanings of Simple Prepositions 

HTHE number of simple prepoMtiots bemg \oiv 
* limited, every preposition is user! to mdie tie 
different relations, as will lu* easily seen fiom the 
following examples : 

Di. The proposition di is used to show the 
following relations : 

1. Manner —IjO faccio di huona n'tyha, I do it 
willingly; La mat It' fit ra mi r *tat a di gian m dfunt. 
Your letter has been of great eomtoit to m*\ 

2. Possession — La ca*a di min 7o. my mule’s 
bouse ; horologia di sno jtadre, > our father’s watt h. 

3. Place— Unit inn situ di Najtolt, the mmeiMly 
of Naples. 

4. Origin — Egfi nacque di pnrira (putt. He was 
born of poor jieople. 

5. Pause — Mi displace di amh folio nod*. 1 am 
•mrry to have hurt you. 

b. Matter — ('apptllo di pdgha % a straw hat : 
pa into di lana, woollen cloth. 

7. Denomination— La cittu dt Lombn , the c ity 
of London. 

8. Measure — l T n mma di tre nuhi , a wall tluec* 
metres high. 

0. Object — Si patfara di in, MY were speaking 
of you. 

10. Subject — // canto ddC usiynnofo, the song of 
the nightingale. 

11. Quality* Qnafcht coxa di bnono, something 
good. 

T)i is also used with adjectives and partinphs, 
which in English letjuiie the preposition with, as: 
111 Homo conUnto did xtto pro pi m data, a man 
contented with his own state; Un dlb> i o edneodi 
fhitUi , a tree loaded with fruit. 

A* The preposition a is used to *ho\\ tin* 
following relations: 

1. Manner — a hramhlti, torn to pieces ; a 
wemoria, by heart. 

2. Time — 17 Icnrdt <dU otto , You shall get up 
at eight. 

3. Place — I ’ado a Pariqi, I am going lu Paiis. 

4. Direction — . 1 no zzoqnn no, td slid, towards 
the south. 

5. Direction of Action -Patio a mi, 1 am 
speaking to you. 

<>. Prick — him comprato a mat lira f ( ho nndnto 
a due, I bought it at one franc, and I have sold it 
al two. 

7. Object — Amove aflo studio , love of study. 

Da. The preposition da is used to show the 
following relations : 

1. Origin — Arnaldo da Brescia ; San Francisco 
(V Assisi ; ha maggior parte dci guai prove ngono 
dalh ignoranza, Most troubles come from ignorance. 

2. Complement of Agent— Amato da tijtti , loved 
by everyone. 

3* Time — Sto a Zandra da doe aunt, I have been 
jfo. London these two years. 


f. L se — Safa da prunzo , dining-room ; carta da 
l< tint , writing paper. 

.7. Quality — Yextito da donna , female attire, 

b. Place — Yingo doll a cilta , I come from the 
i ity ; dal librdio , at the bookseller’s; IV nits da me, 
tome to me (to my house). 

Da me , da t<\ da lui , da noi, etc., = to my liOtise, 
to your house, to his house, to our house, etc. 
((Vunpaie the French : chez moi , chz toi , etc.) 

Da me, da 1c , da noi , etc., are used also as simple 
iceipmcals: L'ho fatto da me , I did it myself — i,t. t 
without any assistance. ((Mm pare the English, 
* by iiij'sclf/’ etc.) 

In. The preposition in is used to show the 
following relations: 

1. Manner — Serin te nt fitbtc: dim sterlinc, 

U’fite m letters . ten pounds. 

2. Time -In quindici gmnti , in a fortnight; in 
no' ota, in an hour. 

3. Place - Egfi t in 1 nghdtvrra. He is m England ; 
M to padn mv in campagna , My father bve> in the 
< oiuitrv. 

1 Object — Ho fid tie ta in tci, I trust you. 

•7. Matter — Una s tdtna m marmo, in bronzo , 
a statue of nimble, of bron/e. 

b. Aim — Ft s/a in on art di San Fra act sco, a fea^t 
in honour of St. Francis. 

Con. The preposition con is used to show the 
following relations : 

1. Manner QutUa signora canla con molt a 
ipdzia, That lady sings w it h much grace: ha port xi 
donna t Djkjw con ft Ida i me agfi occhi , The poor 
woman answered with tears in her eyes, 

2. PoMPANY AND ( 'OMBINATION — Carlo cm ill 
tfiardino con sm fraUllo , Charles was in the garden 
with your brother; frdgolc con crema , strawberries 
with eream. 

3. Means — Andmno col battelfo, We shall go by 
boat. 

t. Pause — ('on gutstu nibbia von si pud vcderc, 
\\ itli this fog one cannot see. 

.7. Instrument — Egfi scrive sempre con pc mu 
(Coca, Ho always writes with ijuill pens; ho tagli con 
if colttUn, Put it with the knife. 

Per. The prej>osition per is used to show the 
following relations : 

1. Time — Dero ewer fuori per Ic sette , I must be 
out by seven. 

2. Place — Siamo rtnuti per mare, We have come 
by sea. 

3. Pause — Tntto questo e accad uto per la tva 
indiffeunza , All this has happened through your 
indifference ; Molti giovani si rovinano per il gioco, 
Many young men ruin themselves by gambling. 

4. Direction — 11 treno per ftoma t partita > The 
train for Rome has cone. 

o. Inclination — Qucsto ragazzo ha um passion? 
per ta pittura , This boy has a passion for painting. 

(I Price — Uho venduto per ring tie lire , I have 
sold it for five francs. * 




7. Misaks— i>e epedisco i libri per paceo postale, 
I am pending you the book* by parcel post. 

8. Purpose — Mio figlio sta facendo dei risparmi 
per comprare t tn automobile , My son is saving some 
money to buy a motor-car ; Vidggio per divert inni, 
I travel to amuse myself. 

9. Distribution — I ragazzi hanno acuta due 
soldi per uno, The boys have had a penny each. 

10. Concession — Per catiivo eke ««' no mo si a, 
ami ^ernprAjLualche buona qualitd , Howsoever bud 
a man mSjaWj|he always has some good quality. 

11. l 1 \fi^^Hp i Qi'ALiTv — Mi pre*e per un fcancese. 
He took nieior a Frenchman.. 

EsehcIzio di Lettura — continued 

Questa parola fece venir le iiamnie sul viso del 
frate : il quale perd, col sembiante di chi inghiottisce 
uiia mcdicina mol to annua, ri])rese: “lei non erode 
ehe mi ial titolo mi si convenga. Lei sente in cuor 
suo che il passo eh’io fo ora qui non e ne vile ne 
spregevole. M’aseolti, signor don Rodrigo : e 
voglia il eielo che non venga nil giorno in cui si 
l>enta di non aver ini ascoltalo. Non voglia. met tore 
la suft gloria . . . qual gloria, signor don Rodrigo j 
qual gloria dinan/.i agli udmini ! E dinunzi a Dio 't 
Lei pud molto quaggiu : ma . . . 

“ Sa lei,” disse don Rodrigo, intoiTompendoloeon 
istizza, ma noil senza qualche raven price io 1 , ’* sa 
lei (die, quando mi viene lo schiribizzo- di sent ire 
lina prediea, so benissimo and a re in chiesn, come 
fannp gli altri ? Ma in casa mia ! Oh,” c con- 
timid, eon un sorriso forznto di w dierno : “lei mi 
tratia da pin di quel ehe sono. 11 predieatore in 
casa ! Non Thamio che i prineipi.” 

E quel Dio che ehiede conto ai principi della 
parola che fa loro sentire. nelle loro regge ; quel 
Dio ehe le usa ora un tratto di misericord in, man- 
da mlo un suo ministro, indegno e miserabile, ma 
un suo ministro, a pregar per una innoeente. . . .** 
“ In sonima, padre,” disse don Rodrigo, faeendo 
atto d’ an da r sene, l * io non so quel ehe lei voglia 
dire : non capisoo allro se non ehe oi dev’ cssere 
qualche faneiulla ehe ]e preme moIto'L Vada a 
far le sue contidenze a chi le piaee ; « non si premia 
la ljherta d’infastidir 4 pill a lungo un genliluomo." 
(f ’o ntiniied). 

Xotics: 1. fright; 2. whim; ,‘h in whom you 
are much interested ; 4. to annoy. 

IRREGULAR VERBS 
Second Conjugation- continued 
Verbs in ere (short)— continued : 

Erigere, to erect 
Past. Def. — Eressi, tre-sse, < if -sw ro 
Past Part. — Eriito 

Espellere, to expel 
Past l)ef. — E* pul si. ts pulse, es pulse m 
Past Part. — Espuho 

Esprimere, to expre^ 

Past l)e /. — Es pressi , e * pre ssc, es prissi ro 

Past Part. — Espresso 

Estinguere, to extinguish 
Past /)«/,—.. Estiusi, e&tinse, est'i usero 
Past Part.-*- Eat into 

Figgere, to fix 

Past Def.— Fiss i , fisse, fissero 
Past Part.—Fisso 
Conjugate like ft ggere ; 

4ffiggtre, to stick ; pre figgere, to prefix ; croci- 
figgere, to crucify. 

The follovting compounds of figgere end in the 
past partk5ij)le^a v .tifb • confjfgym, to fix with nails. 
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(Past Part. — conf ittg) ; tra figgere, to liierce (Past 
Part. — trafUto) ; scoiijigyerc, to defeat (Past Part. — 
* confitto). 

Also figgt re may have the form filto for the past 
participle. 

Fingere, to feign 

Past Ihf.—Vcnsi, fin sc, ftnscro 
Past Part. — Finto 

Frangere, to break 
Past Def. — Fra n s i, fra use , franscro 
Past Part. — Fran to 

Conjugate like frangere; infnhigere, to infract 

Friggere, to fry 

Past 1)ef . — Frissi. frisse. frissero 
Past Fa rt. — Fritto 

Giungere, to arrive 
Past Def. - (liuusi , ginnse. giunse.ro 
Past Part, -din nto 

Conjugate like giungen ; soggiungere, to reply; 
ngyinngrrr. to add; rongiungi.ro, to join; rag* 
giuugire, (o overtake. 

Immergere, to immerge 
Past / )ef. — I m mersi, immerse, hnmerscro 
Pa si Pa rt. ~ -I m nu run 

Conjugate like immirgtn : onergere , to emerge 

Imprimere, to impress, to pi Ini 
Past />#/. -Imprtssi, impress?, impressero 
Past Part. — / m prrssn 

Indurre ( indurere ), to induce [see addurrt % 
pane 5081]. 

Infliggere, to inflict 
Pii't Def. - / uflissi, iuftisse , infiissero 
Past Part. Inffitto 

Leggere, to read 

Past Ihf . — Lessi. hs.se, 1es.se ro 
Past Part.— I Alto 

Conjugate like l<gg<r< ; • leggere, to elect 

Mettere, to put 

Past Def. — M is i (messi), mise (niessc), misero 
(nP’ssero) 

Past Part. Messo 

Conjugate like uvttere : annnetttre. to admit; 
•limi-tteisi. to di: continue : com mettere. to commit ; 
com prom* thre. to compromise ; dismettere , smetUre,. 
to leave off; imuu'tU r < , to insert; intromeltere , 
lo place between ; fra m mettere, to interpose; )H'r- 
mrtfere, to permit: pr<nu>Wre. to promise ; ri mettere. 
to postpone; scorn nd-tte re. to bet; sottornetterc, to 
Milan it ; premetterc . to premise. 

Mungere, to milk 

Past D(f. — Muusi. manse, mini sera 
Past Part. — M unto 

Muovere, to move 
Past Di f. Mossi. mos.se, mbs, sera 
Conjugate like mubnri ■ ri mu were, to remove ; 
comma bear, to move; promnbrere, to promote 

Opprimere, to oppress [sec imprimere above], 

Percuotere, to iktcuss 
Past Def. — Parossi, percosse, perebssero 
Past Part. — Peremso 

^ Piangere, to weep 
Past Def. — Pian si, pianse, pianxero 
Past Part.—Pianto 

Conjugate like piangere; rimpidngere , to regret 
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Porgere, to hand, to offer 

Past Def . — Parti, parse, pfkscro 

Past Purl. — Porto ( u m ised ) 

Porre (pwtere),' to put 

Ind. Pres. — Pongn, jxm i, pone , pan in mo. pontfr. 
, pdngono 

Past Def . — Post, ponrsti, pose, pone in mo. /roust*, 
pdsero 

Future — Potto. porrni, etc. 

Impend. — Poni. /tonga, /toniamn, /route, pongn no 

Snbj. Pres. — Pongo, •pongn , etc. 

Condit . — Porrei . porrrsti, etc. 

Past Part. — Porto 

Conjugate like porre: suppdnr, to Mippo»e: 
comporre, to compose : decani porn, to decompo>e ; 
depdrre, to attest ; d is porre, to dispose ; ind is porre, 
to indispose: cspdrrc. to expose; frnppdrrr, to inter- 
pose ; opporrr. to oppose; presuppdrrc , to presup- 
pose; proporrti , to propose; sotto porre, to submit : 
eovrapporre, to put upon : prcdispdrrr , to predispose. 

Exercise LI. 

1. Dopo solo due ore di eombattimento, it nemieo 
fu completamente seonfitto. 2. II treno di Pariiri 
& giunto con quaranta minuti di ritardo. 3. I 
[due rlvo del fiume sono eongiunte da tin ponte di 
legno. 4. 11 signor B. e stato eletto depot a to eon 
ot tocento voti su mill©. 5. Dove avete me -so il 
mio ritratto ? ti. Senihra ehe abbiate pianto, cosa 
e aceaduto *t 7. Non avrei mni supposto unu <o>;i 
simile. 8. Se avete lotto il libro cite vi prestai. 
restitultomelo. ff. Seoimuetto ehe questa volta 
perderete. 10. Ho promesso a mio padre di cs>or<* 
pill diligent© edegli mi ha jiermesso di useire. 

Cox VERS AZIOXE 

Quando ha deciso di part ire, questa settimuna o 
l’altra ? 

8econdo {that depends), non so preeisamente. 

Dov’ e Ja galleria Vmherto I. ? 


Dirim petto al tcatro San Carlo. 

Con chi era ieri sera al Caff& ? 

Ero eon tin signore americano, ehe nbitii dirim. 
]>etto a noi. 

Dove va ? {where arc you going?) Segga vioino 
a me, non mi lasei qui solo solo. 

Non bo tempo ; ho lezione alle dieci e mezzo. 

Premie leziono tutti i giorni ? 

Si. eeeetto il giovedt. 

Cosa n'c di quel tipo ehe prendeva lezione insieme 
eon lei ? 

Non l*ho piii visto ; credo ehe sia ritornato in 
Germania. 

Key to Exercise XLIX. 

1. You will never learn anything, because you 
always play during the lesson. 2. Instead of one 
hundred francs wc have received only fifty. 3. The 
villa of which I have spoken to you is on the other 
side of the Thames. 4. We have been obliged to 
postpone our departure till Monday for want of 
money, o. If you are cold, sit near the fire. 
<5. Opposite to us there is a house to let. 7. Take 
rare, my hat. is there; do not sit on it. 8. Except 
these two, all the other pictures are worth nothing, 
ff. Let us speak openly, there must be no mysteries 
1s t ween us. 10. I will do it for your sake. 
11. More than forty people remained buried under 
flic ruins. 

Kf.v to Exercise L. 

1. V iroofl tree produces good fruit. 2. When 
I untie the parcel, von may choose what- you like 
bc-t. 3. What have you chosen Y 4. The petition 
w.»s signed by nearly one* hundred persons. 5. 
My brother has written me a long letter. 0. If 
Mr. M. had not protected you, you would not now' 
occupy this place. 7. The poor child is crying 
because she has pricked her finger with a needle. 
S. Press the hut ton to call the waiter. 


Conti n ued 


FRENCH 

SYNTAX-THE ARTICLE 

The Definite Article. 1. The definite 
article is required before all nouns used in their 
widest sense — that is to say, in a way that includes 
all the individuals or objects of a given class : 
Les metaiix- strut pins utiles au.v homines qnc les 
diamante cl les piernrie*, Metals are more useful 
to men than diamonds and precious stones. 

2. In accordance w ith this principle (a) abstract- 
nouns, and (h) nouns indicating material take the 
definite article : L'hypnerisie cst un hommage que le 
vice rend h la vartu, Hypocrisy is a. homage that 
Vice pays to virtue. Le /tiitine cst ydns pesant qnc 
tor , Platinum is heavier than gold. 

Exception : Sometimes an abstract noun and 
a preposition are equivalent to an adverb, and a 
n<pm of material and n preposition to an adjective ; 
in such cases, no article is used : TraraiUez wre 
Moderation pour travailler longtemps, Work with 
•moderation so as to work long : On dit qu' Henri If. 
fut le premier qui ‘porta des has dc soie, It is said 
that Henry II. was the first to wear silk 
Stockings. 

3. When one individual is taken to represent a 
whole class, the definite article is required : Dim 

i 4U ensuite : Faisons Vhommc d notre image ct d 
noire ressemblancc. Then God said: Let us make 
• ipan in our imng*' and likeness. ~ 
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4. Title* immediately preceding proper nouns 
require the definite article: Le reqne de la rein a 
Victoria nt cst an des phot longs dc V hist o ire; il cst 
mains long re pendant qnc celui du rot Louis XIV., 
Queen Victoria's reign is one of the longest in 
history: it is shorter, however, than that of 
King Louis XIV. 

5. The artielo is used, in familiar language, 
before such words as ami , horn me, mere , in address- 
ing a person whose name is not known : Old ! 
I' a mi. nnez ici. Hallo ! friend, come here. 

K When proper nouns are qualified by an 
adjective, that adjective must be preceded by the 
definite article : La pdlcur du petit Pierrot inqmelait 
fort fa rieilfc Marguerite , Little Pierrot’s pallor 
greatly troubled old Margaret. 

7. The definite article is sometimes prefixed to 

the names of individuals to indicate familiarity, 
celebrity, or notoriety. With regard to men, tliis 
is almost exclusively limited -to famous Italian 
writers and pa inters : Le Pulci, le Bojardo, 
1' A riotic . &c. The article is sometimes used in 
speaking of certain women widely known, either 
for good or for evil : thus, la Champmesle, a 
famous actress: la Brinvilliers, a notorious 
poisoner. * 

8. The definite article is used with names of 
seasons and feasts, exoept Easter and, usually, 
Christmas: le printemps, spring; le vendredi 



taint. Good Friday. In many cases, the feminine 
article fa towed in connection with n masculine 
Saint's name, the feminine word fete being under- 
stood: la Saint-Jean, St. John's (mid-summer) 
day: Asb'onomiquement , Vmitomi le est 1' e-spaee. da 
temps du vingt septembre an vingt ct un dtcembre , 
Astronomically, autumn is the space of lime 
from the 20th of September to the 21st- of Decem- 
ber; La Penta'ote se cilebre cinquanle jours a pres 
Pdques, Pentecost is celebrated fifty days after 
Easter. 

9; Days of the week take the definite article 
(a) when they are immediately followed by a date, 
or (b) to indicate a day set apart for the regular 
recurrence of some action : Le* J tints gentra u.r se 
rhmirenl d Versailles le tntirdi cinq mai , 1789, 
The States General met at Versailles, Tuesday, 
5th of May, 1789; 11 se repose le lundi d>‘ n avoir 
rien fait le dimanche , He rests on Mondays for 
having done nothing on Sundays. 

Exception : The days of “ last week " and 
‘‘next week” take no article; Jl est parti, sound i 
dernier el it doit revenir jeudi pruchain , lie left last 
Saturday, and he is to return next Thursday. 

10. The definite article is used in the “ absolute 
construction ” — that is to say, before a. noun not- 
governed by any word in the sentence : Nous 
apercevion s les grenadiers, /'urine haute , Vail gauche 
attache sue uajus, le droit cache fKir le fusil (live. 
We perceived the grenadiers, with levelled muskets, 
the left eye fixed upon us, the right hidden by 
the raised gun. 

11. The definite article, with the preposition 
d, is used to express some peculiarity or distinctive 
feature : II y untit purnii hs passagers de jettues 
. 1 ugluises aux: brittau.h s s pirates de chevewx blonds , 
There were amongst the passengers some young 
English girls with brilliant coils of fair hair. 

12. In descriptions of personal appearance, the 
verb avoir and a noun with a definite article are 
frequently used : Kile a lex chcreux blonds, lex ye. ux 
Mens , le feint fra in, les dents blanches , cl les levies 
re r me Hies, She has fair hair, blue eyes, a fresh 
complexion, white tee th, and ruddy lips. 

13. The definite article is used in connection 
with vers or sur in expressions of approximate time: 
ll est sorti vers le midi; it rent nr a snr les six: 
heures. He went out about noon; he w ill come back 
about six. 

14. The definite article is used distributivcly to 
express measure and weight: Ce via route deux 
francs la bauteille. This wine costs two francs a 
bottle. 

Note; In expressions of time, the preposition 
par. is used instead of the article : Son Iraitcment 
rst de. Unit cents francs par mo is. His salary is 
800 francs a month. 

15. The definite article is used before the names 
of continents, countries, and provinces : La tiuisse, 
fa Belgique, le Dane mark et b‘ Portugal nc sont pas 
an nombre des grundcs puissances de V Europe ; 
•Switzerland, Belgium, Denmark and Portugal are 
not amongst* the great powers of Europe. 

Exception : After the preposition de, the definite 
article is not used when it is intended to form an 
adjective phrase only: La jdnpart, des vins de 
Prance sont moins forts qne ceux d'Espagw ct de 
Portugal • The greater part of French wines are 
leas strong than those of Spain and of Portugal. 

10* The definite article is used witli the names of 
mountains, seas, and rivers: Le Vesnve, celebre 
Wean $ Italic, a onzt cent quatre ving-dix metres de 
mtUetot, Vesuvius, a celebrated volcano in I taly, is 
eleven hundred «nd ninety metres high. 
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17. With feminine names of countries, “ in *' 
und “into” are enpressed by en without the 
definite article. The article is also omitted* and 
the preposition dt used alone, after verbs ex- 
pressing coming from those corn) tries, such as 
arriver de, venir de, etc. ; S*il part- d'Amcriquc le 
vingt -trois juin, il arrivera en Europe vers le premier 
juillet, If he leaves America on the 23rd of June, 
ho will arrive in Europe about the 1st- of July. 

1 8. The definite article is not list'd lx 1 fore numerals 
denoting the order of succession of sovereigns, etc. 
It is also omitted before nouns in apposition: 
Louis seize, petit- fils ct xucccsseur de Louis quinze, 
moutn snr le bone en 1774, Louis the Sixteenth, the 
grandson and successor of Louis the Fifteenth, 
ascended the throne in 1774. 

19. The definite article is not used in French, as 
it is in English, when a. comparative is repeated: 

Plus tv us serez gai, plus longtemps vous rivrez. 
The gayer you arc, the longer you will live. 

Translation 

(Words which have already been used, and 
words which are either identical or very similar 
in the two languages, arc not given in the 
\ oeabularics. ) 

net ml, actual, present- itendre (.s’), to extend 

day, modern Stranger {d V), abroad 

a jo uter, to add flamand, Flemish 

AUemagnc (f.), Germany habitant (m.). inhabitant 
alh mand, German ” fairs de, outside of 
. I mjlrlcm ?. (f.), England id fame { in.), dialect, speech 

anglais, English ties Nonnandcs (f.), 

a ppartenir, to belong Channel Islands 

appoint (m.), balance f/ ( , Maurice (f.). Island of 
bas-breton, low Breton Mauritius 

basque, Basque joindre, to join, add 

Jiassts-Py rentes (f.l, langue (f.), tongue. 

Lower Pyrenees language 

Belgique (f.), Belgium nonmind, Norman 

Bretagne (f. ), Brittany part (a), apart, special 
ca*alan, Catalonian quant d, as to, with 

chi ff re (in.), figure regard to 

com prendre , to comprise, repartir , to divide 

understand revanche (en), by way of 

ciotscrvir, to retain compensation 

enfin , lastly Suisse (f.), Switzerland 

stir, on, out of 

Gkographie de la Laxmje Franchise 

La langue frnn^ais** comprcnd tout le domainc 
do la France aetuelle, a lYxception d'une scule 
province, la Bretagne, ou un million d'habitants 
snr un million huit cent inillo pnrlent une langue 
coumie sous lc nom do bas-breton et qui est d'origine 
celtique. A cetle exception important?, on peut 
encore ajouter trois pc tits groupes : le departement 
du Nord, ou deux cent mille habitants (sur un 
million deux cent mille) pnrlent la langue 
fiatnnndc, qui est d’originc aJlemando ; le dtfparte- 
ment des Basses- Pyrenees, ou cent vingt mille 
habitants parlenl le basque, idiome fort ancien, 
ilont 1’origine est inconnuo ; enfin le departement 
des. Pyrenees-Orientales (aneienne province de 
Roussillon), ou cent trente mille habitants pnrlent 
la langue catalane, qui est derivec du latin. 

Si le domaine de la langue francaise ne s’etend pas 
sur tout le territoire actuel de la France, en revanche 
die comprend a 1’ Stranger plusieurs territoires im- 
portant*, representant un peu plus de trois millions 
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six cent rnille habitants, ninsi re part is : pour la 
Belgique uu million six cent millc habitants ; pour 
remmre d’AHemagnc un million (Alsace-Lorraine) : 
pour^la Suisse franca ise quntre cent rnille : cnfin 
soixante mille pour les Ties Normandes, qui appar- 
tiennent a rAngleterre. 

A ccs cliitlres il faut njouter, hors d'KurojH*. les 
colonies anglaises du Canada et dc rile Maurice, 
qui ont conserve 1’ usage du franeais. sans parler de 
nos propres colonies (Alger it*, Cuyane, Senegal. etc.). 
C’est un appoint d'uii pen plus d un million cinq 
cent millc habitants a joindre an domaine linguis- 
tique franeais. (ArocsTK K. Bracket.) 

The Indefinite Article. L The indefinite 
article is required in French, though not necessary 
in English, before an abstract noun used pnrtitivcly 
and qualified by an adjective, Its ont supfsati tonic* 
les fatigues et iontc s les privations arec a nr Constance 
admirable , They bore every fatigue and every 
privation with admirable constancy. 

2. The indefinite article is not used after quit. 
wlmt, nor after sans, without : Q tulle joule 
de rnmt.r i" ambition traine a sa suite. What a multi- 
tude of evils ambition drags in its train. Je nt puis 
frrirc sans plume , I cannot write without a |>en. 

3. The indefinite article is usually omitted 
before a noun preceded by jamais, never: Jamais 
homme. v a eu plus tie. succes avtc au*si pen de 
mlritc , Never has a man had more success with so 
little merit. 

4. The indefinite article is not used before nouns 
in apposition : Nelson, eelebre amiral anglais, naquit 
en 175S, Nelson, a famous English admiral, was 
born in 1 7 f>8. 

5. The indefinite article, though used in English, 
is omitted in French before nouns serving as pre- 
dicative complements to such \erbs as etn, to 
be; devinir , to become; and ftaraifrv, to 
seem; and also before nouns serving as the 
second accusative after such verbs as fain , to 
make; sc fa ire. to become; s> montrer. to 
show oneself; nnmmer. to appoint : mare, to 
believe ; Le pete du marbhal AY// etait tonnelier. 
Marshal Ney*s father was a cooper. Moninz-vons 
hon arn\ Show yourself a good friend. 

0. When commc, “ as,” means “ in the capacity 
of,” the noun that follows it does not take tin* 
indefinite article. The indefinite article is required 
before the noun following com me if that noun is the 
subject of n verb understood: 'AY// fit /<* deux 
'premieres cam ixi(,ncs de la Revolution com me nidi 
de: camp , Ney went through the first two campaigns 
of the Revolution as aide-de-camp. Le jtanvrc 
vie ilia rd se laissait from fur commc tin enfant . The 
poor old man allowed himself to be deceived lik<* 
a child. 

7. No indefinite article is required after fractional 
. numbers : // a mis un quart d' heave a ccnrt am 
demi-page , Tie has taken a quarter of an hour to 
write half a page. 

\The Partitive Article. 1. The partitive 
article du, dr la, dcs is used regularly before any 
nouu indicating a certain portion of any thing or 
» limited number of objects, whether the English 
equivalents “some” and “any” Ik? expressed or 
only understood : Jai jstssi dcs jours heurcur d la 
campagnc, f have spent (some) happy days in the 
country. 

2. Before a nonn preceded by an adjective, 
the preposition de alone is to be used : De riantes 
prairies s'ofjraicu f d nos regards char mis , Smiling 
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meadow's presented themselves to our delighted 
gaze. 

3. If the adjective and the noun are so closely 
connected as practically to constitute a single word, 
whether joined by a hyphen or not, the article is 
to be used as well as dc : 11 y a dcs belles- meres qui 
valent de. veritable s meres. There are step-mothers 
w ho arc as good as real mothers. 

4. W hen a noun taken partitivelv is the object of 
a negative sentence, de alone is to lie used : Je liai 
jins (t argent, 1 have not any money. 

In English negative sentences, the indefinite 
article frequently has the meaning of “ any,” 
and must accordingly he translated l>y de ; 11 ne 
jtortc jamais de chapqau, He never wears a hat. 

0. Before an adjective the partitive article is used 
to indicate distinction or opposition. Thus, Donnez - 
moi de bon jutin means simply, Live me some 
good bread; but, Donnez-mot du bon pain means, 
" ( Ji\e me some of the good bread ” — that is to say, 
there are two kinds of bread, good and bad, I want 
some of the good kind. 

7. In negative sentences, the definite article is 
to he used before the complement, if that com- 
plement is followed by an adjective or an ad- 
jective clause. Thus, Je nai pas cT argent means 
1 have no money; hut, Je n'ai pas de V argent 
pour le depenser folh ment, I have no money to spend 
extravagantly, implies that I have money, but that 
it is not to be squandered. 

8. In a negative- interrogative sentence, the use 
of the partitive implies that an affirmative answer in 
expected. Thus, A'arez-rous pas d'amis d Pari* ? 
Have you no friend** in Paris V is a genuine question, 
asked in order to obtain information. On the 
contrary, N'avovott* pas dcs amis d Paris? implies 
a belief, or even an assertion, that there are such 
friends, and may he translated. You have friends 
in Paris, have you not V 

fi. The partitive article, or the preposition uv 
standing instead of it, may he used after any 
preposition except dr; Avec dt la patience et de 
la persi re ranee tout est possible. With patience and 
perseverance everything is possible. 

Place of the Article. I. The article pre- 
cedes the noun, but an adjective, a numeral, or 
antiques, meaning “ few,” may ore nr between it 
and the noun : Le eelebre satirique Pope etait bosstt. 
The celebrated satirist Pope was a hunchback. 
Je nc regrette pas les qxulquts francs que cela m'a 
co itb'. [ do not regret the few’ francs which that 
lias cost me. 

2. Tout (toute, tons , tonics) is the only adjective 
which, when accompanied by an article, always 
precedes it : 11 a perdu toute. I' affection qu'it avail 
pour moi , He has lost all the affection which lie had 
for me. 

3. The adjective feu, late (deceased) may cither 
precede or follow' the article. When' it precedes it. 
there is but the one form for both genders : La few 
rente etait aimee et respectec de tons ses sujets. The 
late queen was loved and respected by all her 
subjects, ilia mere, est nee la mime annie que feu 
la rcine Victoria, My mother >vas bom in the same 
year as tho late Queen Victoria. 

Key to Exercise XXXVII. 

1. Le parcsseux travaille malgre lui. 

2. Le soleil luit pour tout le monde. 

3. Travaillez avec z&le : le travail. est la source 
de Tabondance et de la jole. 



i V invention du telephone est duo a ( ha ham 
Beil et celle du phonograph? a Edison. 

5. Be Calais quand le temps est flair, vous 
apcrcevez Douvres vis-a-vis de vous. 

0. Apprenez que suivant le dire d’uii ancien, il 
fant manger pour vivre el non pas vivro pour 
manger. 

7. Ecrivez les injures sur le sable et k\s bien fails 
stir 1’nmim. 

8. Jc crains Dieu, et, a pres Dieu, je erains primi- 
pu lenient eeux qui no le cruignent pas. 

1). 11 fant tfte.her de bien vivre avee tout le momle. 

10. II travaille Unite la semaine exeepte le 
dimanehc. 

11. Un enfant bien eleve ne doit ri'*n fa ire 
malgro ses parents. 

12. Les vaeanees eomnieiiceroiit dans moins de 
deux mois. 

13. Votre onele nc sait pent -et re pas ou est 
notrc maison ; allez au-devant de Ini et amenez-le 
si vous le voyez. 

14. Un des romans de Jules Verne a pour litre, 
“ Le Tour du Monde en quatro-vingts Jours." 

LI. Me.ttons-nous sous vet nrbre, nous y scions 
A fabri dc la pluie. 

10, 11 dut la vie a la elemence et a la magnani- 
mity du vainqueur. 
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17. Kemplissez vos devoirs envers Dieu, envers 
vos parents et envers la pa trie. 

18. On trou ve les monies pro j ages en ^urojx*, 
en Afrique et jusqu’cn Amerique. 

Key to Exekci.sk XXXVIII. 

1. Li eharite est patiente, donee, ct. bienfaisante. 

2. La boussole n'a ]>oint etc trouvte ‘ par un 
marin ni le. telescope par un astronome. 

3. Ni Tor ni Ja grandeur ne nous rendent lienreux. 

4. L'homme n'est mallieureux quo puree qu’il 
est mediant. 

5. Obeis si in vrux qu'on t'obeisse un jour. 

(i. Lrs hirondelles partont des quo les premiers 
fioids arrivcnt. 

7. On ne croit plus un enfant quand il a menti. 

8. Si l'eau bout plus tot sur les liautes montagnes, 
dost. paree quo la pression de l’air y est moms 
forte. 

0. Tons les homines sont m oriels ; or, vous 
otes un hoimne: done vous eles mortel. 

10. S il vient en France et qu’il passe par Paris, 
je serai diarme de le voir. 

11. La terre ir» s’epuise jamais pourvu qu’on 
s:\ehe la cultiver. 

12. romluisez- vous de telle sort© que tout le 
monde soil content de vous. 
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THE ACCUSATIVE 


Motion. Ar lias been shown 
[page 4055 ] the prepositions 
govern the nominative case, hut 
when motion is indicated, it 
sometimes happens that the 
preposition used does not suffici- 
ently contain all that is neces- 
sary to show the full extent of 
(he movement, which may be 
either physical or moral. If we 
say " The bird flew under the 
table,” it is not clear whether 
we mean that the bird, being 
there, flew about under the table 
or that it flew there from outside. 
To express the latter idea, how- 
ever, Esperanto uses the accusa- 
tive, even though there is a pre- 
jxisition before tablo, and thus 
indicates movement. The pre- 
positions al (to) fits (up to, as 
far as), and tra (through) con- 
taining in themselves the full 
idea of motion, do not, in such 
cases, require the use of the 
accusative. 

The following sentences illus- 
trate the peculiar use of the 
accusative of direction. 

En la mondon vents nova 
xettio. Into the world a new 
feeling has come. 

Mi eaUk sur lamuro, I jumped 
on the wall (1 was there). 

Mi wltis y sur la viuron, I 


jumped upon the wall (from 
elsewhere). 

La lampo pendas su per hi tablo , 
The lamp hangs above the table. 

.1// jet is Ja stonon .super Ja 
ihnaon, l threw the stone above 
the house. 

Li vo jajis trans Ja moron, ear 
l ran 8 Ja maro Ji havi* amikojn. 
He travelled across the sea, as 
across the sea he had friends. 

Mi rrr.sis la inkon en Ja Jason, 
kaj nun Ja inko rc.stas en Ja taso, 
1 tilted the ink into the cup, and 
now the ink remains in the cup. 

This accusative of direction 
must, in similar circumstances, 
he applied to adverbs. Example ; 

La Mono falls teren , The stone 
fell to earth. 

Xu 7i, ni iros hejmen , Now we 
will go home. 

Ant an m ! Forward! To the 
front l 

Accusative Instead of 
Preposition. It is customary 
with intransitive verbs, when ideas 
of direction, time, price, weight, 
or measure are expressed, to 
omit the preposition and straight - 
away adopt the accusative, as in 
the following phrases : 

Mi iras Berlinon, I am going 
to Berlin. 

Mi redos tie tri semajnojn, I 
shall stay there three weeks. 

Mi alvenos tie prokiman Inn- 
don , la hkm de Majo, I shall 


arrive there, next Monday, the 
10th of May. 

La laJtlo est as tonga dudek 
jutojn ; <ji pezas da cent junto jn 
kaj kostas naftdek iHlingojn , The 
table is twenty feet long ; it 
weighs two hundred pounds, and 
costs ninety shillings. 

in all cases similar to the above, 
the accusative can, however, be 
dropped, and a suitable preposition 
lie found. 

PREFIXES 

The remaining prefixes arc as 
follow : 

Kk denotes the beginning 
of an a ction or its momentary 
duration. Example : 

Jh. <rni, sleep; Ekdormi, fall 
asleep. 

Krii, cry ; Ekkrii , cry out 
suddenly. 

Op denotes the inclusion of 
both sexes. Example : 

Erato, brother ; ge.fratoj , brother 
(s) and sister (s). 

M astro, master ; gemastroj , 
masters (s) and mistress (es). 

Note that the use of ge always 
requires the plural. 

Be denotes that an action is 
repeated or returned once. 
Example : 

Sendi , send ; resend i, send 
back, return. 

Trod, find ; retrod, recover, 
retrieve. 
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VOCABULARY 

alcompan Jun\ June 
accUnpany jur\ swear, 
April' 9 April vow 

Afigust', August konsot', eom- 


atent , attentive 
av\ grand - 
father 
buV, month 
M tier', butter 
cerb', brain, 
mincl 
" Ikcembr'. 

Decern her 
dors' , back 
eduk\ educate, 
rear 

ekster, outside 
. Februar ', 
February 
feslen'* banquet 
fianc'y fiance 
fid\ trust- 
fin\ end 
. fix'* fish 
flat', flatter 
fluid', liquid 

Mi) 

foil leaf, sheet 
gast', guest 
genu', knee * 
gfat/, smoot h 
<jriz\ grey 
Januar ', 
January 
Jvli\ July 


fort, console 
konvivV, con- 
vince 
Maj', May 
Mart', March 
nep', grandson 
nee', nephew 
Noreiuhr 
November 
nvtr\ feed, 
nourish 
okrident \ west 
Oktobr', October 
or dinar', 
ordinary 
orient orient 
pee', piece 
Sejitembr' . 

September 
sekn', follow 
send', send 
sere', search, 
look frit- 
ter', earth, 
ground 

ter nr', terrible 
tomb', tomb, 
grave 

trankril', quiet, 
tranquil 


Exercise IX. 

A year has twelve months; July 
is the seventh, ft has thirty-one 
day>, and follows .June. The re- 
maining montlis n re January. 
February. March, April, May, 
August. September, October, No- 
vember. and, lastly, grey and dull 
Oecember. Son and daughter, 
brother and sister. Nephew and 
niece. (Grandfather and grand- 
mother. Man and woman. Mr. 
and Mrs. Fiance and fiancee. He 
Hatters himself, but he did not con- 
vince me. She burst out laughing. 
1 begin to tldnk that you wish to 
deceive* me. My grandson sent 
the letter back to me. She wrote 
on a piece of paper. I looked for 
the butter, and finally found it 
under the newspaper. 1 fell on 
my knees, and swore that I had 
given back the money. In the 
morning (morningly) the sun is 
seen (one secs) in the cast, in the 
evening (eveningly) it is in the 
west. The cage hangs on the wall 
outside the house. She quietly put 
the liipiid hack into the bottle. 
My cousins ( ni. and /.) fed the 
Jishes. The leaf fell from the tree to 
the ground. He fell into tin* river. 
They accompanied him as far as 
the theatre. They endeavoured 
to comfort her, hut could not. The 
best of tis (must die and return to 
earth through the grave. A 
terrible wind began to blow, and 
the clouds hid the sun. 

Continued 


Key to Exercise fm. 

Mi tre bodauras audi pri la 
morto de via frato. Oni diras al 
mi ke vi no fart as tiel bone 
hodiau kiel Jiierau. Kvankam 
la rego estas graeia kaj fortika. 
li cstas ficra kaj tiel kruela, kiel 
la plej sovaga besto. Nia lando 
estas la plej kara kaj bela en la 
tut a niondo. Mi ne pensas ke 
mi estas jaluza. sed mi vere 
kredas ke si adoras min pH ol vin. 
Hi komoncis libere diskuti kaj 
disputi pri niaj metodoj, sed mi 
devas konfesi, ke mi ne povis 
esprimi mian aprobon. Cn vi 
povas direkti min al la teatro • 
Jes, sinjoro, kuti plezuro (<n 9 
plezurc). Jen gi estas, mnldek- 
at re. La snno, alta cn la ciclo, 
varmc brilas. Mi estas guste 
tiel laca kiel vi mem, sed ne tiel 
malgcntila. Li konstruis altan 
domon el Atono. V f ia ideo cstas 
tre bona lva.j intcresa, sed gi ' 
estas ncoportuna. En nia lanclo 
la popolo cstas libera. Hi ma'l- 
f el ice perdis grandan nombron 
da amikoj. Mi miras. ke mi ne 
renkontis vin kaj viajn amikojn 
kune. Mi pardonis lin. sed li 
fierv forms kaj fermis la pordon. 
Floroj kreskas dum la tula 
jav(». 


GREEK 


By G. K. Hibbert, M.A. 


Classical and Modern Greek 

Greek is the language spoken by the Greek race. 
When we pass from the period of mjth, or semi - 
myth, of which the poems of Homer are a record 
(before 850 n.e.), to the historic period, we find 
the Greek race divided into Dorians, *Ko]ians, 
and lonians, each sj leaking their own dialect. 
Those dialects are called respectively Doric, 
>3Eolic, and Ionic. Classical Greek consists of 
that form of the Ionic dialect which was spoken 
in Athens during the period of her literary 
eminence (500 to 300 n.e.) : it is called Attic, 
from Attica, the district in which Athens was 
situated. Modern Greek is very like the Greek 
of the classical period, and Demosthenes or 
Plato would be able to read without difficulty 
the newspapers now published in Athens. Few 
languages have had such a glorious history, and 
none oilier perhaps has so influenced the thought 
»of the world. 

At the outset, the student is recommended to 
procure a good Greek dictionary, and for general 
purposes Liddell and Scott’s Abridged Greek - 
English Lexicon (Clarendon Press, "price 7/6) 
cannot be improved upon. 
j The Alphabet* r l 'he Greek alphabet lms 
; twenty-four letters. 
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ENOI.ISH 

.NAME 

J ' 

nllM 

ngt iv u.v.v 

Alpha 

”\\tpa 

A 

a 

, a 

.Beta 

ttrira 

15 

f* 

! h 

Gamma 

1 'u/JLfM 

1' 

7 

! <f 

Delta 

i\4\ra 

A 

a 

! d 

Epsilon 

' V)\f/i\6e 

i<: 

f 

j e (short) 

Zeta 

ViifTa. 

/ 

J* 

i /. 

Eta 

‘lira 

H 

V 

• e (long) 

Theta 

H^ra 

(» 

e 

tli 

Iota 

Iwra 

i 

L 

i 

Kappa 

Ktt7T7ra 

K 

K 

K, or hard 

Lambda 

\6./i[ida 

A 

\ 

; i 

Mu 

MO 

M 

b 

m 

Nu 

NO 

X 

V 

n 

Xi 

V't 

£ 

£ 

! x 

Omicron 

"OfxiKpdv 

() 

0 

j o (short) 

Pi 

n; 

11 

7T 

P 

Rho 

•m ; 

V 

P 

j r 

Sigma 

2lyfj.a j 

V 

a , f 

i » 

Tau 

Tau | 

T 

r 

! t 

Epsilon 

\6v j 

T 

V 

u or y 

Phi 

4>t 

4* . 


i ,u 

Chi 

xr 

X 

X 

Wi 

Psi 


1 4' 

'4> 

. ps ■ 

Omega 

'SlfAiyck 

1 o 





LANQUAQKS-QltKBK 


• ' -tt 

' Notes. 1. Omicron means literally “little o t n 
and Omega means “ great o.” 

2. With regard to Sigma, at the end of a word 
the form used is s, elsewhere the form is c—e.g. 
wlffns, pistis (faith). 

3. The vowels are a, e, % i, o, w, »». Of these 
e and o are always short ; tj and w always long ; 
a, i, v sometimes long, sometimes short. 

4. £, and s' are double consonants, the iirst 
beingtcomposed of k and cr, the second of n and a 
(as in psalm), and the third of 5 and <r. 

Pronunciation. We have not a complete 
account of ancient Greek pronunciation, and 
there is no uniform standard of pronunciation 
of Greek in Great Britain and the United States. 
Some boldly adopt the “ English ” pronuncia- 
tion, and sound the words exactly as they would 
be sounded in English. But the following 
system is far more correct, and may he adopted 
for all practical purposes : 

Pronounce Pronounce 

a as a in father o as o in not 

f as e in ten w as o in note 

t) as a in late i* as the French v. 

i as i in machine 

Pronounce the consonants as in English, 
except that 7 before k, t, x, or another y has the 
sound of n (dyyeXos — arcgelos, messenger, angel) ; 
elsewhere y is always hard. 

0 is pronounced like th in thin, £ like soft ds 
(not quite like the English z ), and x is always 
hard, like the German ch. 

The diphthongs may he pronounced much as 
their English equivalents, except that cti> on 
in house, and ov = ou, in uncouth. 

Breathings. Every word that begins with 
a vowel or a diphthong has a “breathing” over 
the vowel or diphthong. The breathing is either 
smooth 0, like an apostrophe, or rough ()~~e.g. : 
1x06 5 = ichthus , fish; 666s hodos, road. The 
rough breathing shows that the vowel is 
aspirated, while tho smooth breathing shows 
that it is not aspirated. 

A diphthong takes the breathing upon its 
second vowel — c.g. : a6r6s, vi6s (— halos, son). 

When the consonant p (r) begins a word it is 
generally written with a rough breathing, p e.g. • 
fitppos (rhombus), p65ov (rose), while pp in t ho 
middle of a word is generally written pp c.g.: 
IWppos, Pyrrhus. 

Punctuation Marks. Greek uses the 
comma and the full-stop , like English. It uses 
also a colon, a single point above the line (■), 
the equivalent of the English colon and semi- 
colon. The mark of interrogation in Greek ( ;) 
is identical in form with the English semicolon. 

Accents. The student will have noticed 
that every Greek word hitherto mentioned has 
an accent of some kind marked over it- c.g. : 
*vr6s, Bijra. (The accent is additional to the 
breathing in words beginning with a vowel.) 
The Greek system of accents is however rather 
complicated, and had better be treated later on. 
Meanwhile, the student can write his Greek 
without the accents, though taking care to put 
m the breathings correctly. The marks of accent 
were invented for the purpose of teaching 
fwign^pjijthe correct pronunciation of Greek. 


Exercise I. 

Write the following Greek words in English 
letters: po868<v8pov, Stayvuxns, dyavpa, p.iTa.p4$xpwu, 
a ara(rrpo07), Ta.vT6fup.os, 'S.tp^s, -WKpdrys, \fa\rrjptoy. 

NOUNS 

There are three decleusions of uouns and 
adjectives, corresponding roughly to the first 
three declensions in Latin. The first is called, 
the A declension, and the second the 0 declen- 
sion. These two are the Vowel declensions, as 
opposed to the third, which contains all nouns 
not of the iirst or second, and is sometimes 
called the Consonant declension. 

Noinn are declined for number and case ; 
adjectives for number, gender, and case. 
The numbers are three : singular, dual, and 
plural. The dual is used to denote two objects, 
but its use is not. frequent, and it is generally 
replaced by the plural. 

The genders are throe : masculine, feminiue, 
and neuter. In Greek, as in Latin, the gcnd<p a 
of a noun is often determined by its ending, 
not, as in English, by its meaning. Thus oUta 
(house), is feminine, although house is neuter in 
English. Names of males, however, are generally' 
masculine, and names of females feminine. Most 
names of rivers, winds, and months are mas- 
culine ; of countries, towns, trees, and islands, 
feminine, as also are most nouns denoting 
qualities or conditions—?*, e.., abstract nouns. 
The Cases arc five : 

Answers thft * | notion : 

1. Nominative Who or what ! 

2. Vocative (Case of the person addressed). 

3. Accusative Whom or what ( 

4. ( lenitive. Whose or whereof ? 

5. ] Native To, for, by, with whom, or what l 

Notes : 1 . The Latin ablative is replaced in 

Greek by the genitive and dative. 

2. The nominative and vocative plural are 
always alike. 

3. In neuter nouns, the nominative, vocative, 

and accusative are alike in all numbers ; and in 
the plural of neuter nouns these three cases 
always end in a. • 

4. The nominative, vocative, and accusative 
dual are always alike ; and so are the genitive 
and dative dual. 

First Declension Nouns ; A Stems. 
Masculine nouns of this declension end in as 
or rjs ; and feminine nouns end in a or */. 

The masculine nouns are declined like the two 
following: rcaWas (young man), ttoXitt/s (citizen). 


No in. 

Singular 

veavtos 

toXIttjs 

Voc. 

vtavui 

woXira 

Arc. 

vfavtav 

toXLttjv 

Gen. 

vtaviou 

toXItou 

Dal. 

vfavlg. 

toXLtxi 

Norn., Voc., Acc. 

Dual 
ve avia 

iroXlra 

Gen., Dat. 

veaviaiv 

ToXiraiv 

Nom. f Voc. 

Plural 

vtavlai 

ToXirat 

Acc. 

vtavias 

ToXtras 

Gen. 

veavt&v 

toXit&v 

Dat. 

navlais 

ToXlrais 
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Note. Tho little i written under the last 
letter of the dative singular is called iota 
subscript. The dative originally ended in t. as 
rcapla i, iroXlrrfi ; but the i is now always written 
below the other vowel. 

Like one or other of the two nouns given 
above decline raplas, steward ; Kpirijs, judge ; 
pafirrjti sailor ; 5e<nr6rr}s, master ; ll^xr^s, a Per- 
sian ; y eupirpijs, geometer ; and (TTparabr-qs, 
soldier. 

Feminine nouns of this declension me de- 
clined like the four following : \pvxv (soul), 
oiVta (house), x^/ )a (land), dakaatra {sea). 


Norn. \ 
Foe. J 

D’xv 

Singular 

oik ia 

Xu>pa 

Od\aa<ra 

Arc. 

D'X’hv 

oikiap 

Xupc ip 

Oakaaruap 

Gen. 

'I'exvi 

oiki as 

Xttyas 

Oakderirifs 

Dot. 

D'xv 

oi idq. 

Xd>M 

Oa\d(Wy 

A r ., V., A. 

D'Xd 

Dual 

ointa 

Xiopa 

tiakdaoa 

Gen . Dat. 

^i'X&ip 

oiniaip 

XlbpCUP 

Oakdircraip 

Nom Voc. 

ypvxo.i 

Mural 

oiki ai 

Xupat 

UdkacriTcu 

Acc. 

V^'Xay 

oikiap 

X& pas 

Ua\dtT(Tas 

Gen. 

yvx&p 

oikiCov 

Xuptop 

&a\a<rcrCvp 

Dal. 

•^i'xcus 

oiklais 

X& pais 

fiakdffocus 


Note. 1. Nouns ending in a preceded by €, i. 
or p, retain the a throughout the singular, and 
are declined like ohla or x&pa- Other nouns 
ending in a are declined like Odkaooa, unless the 
is a contracted form of aa, as jurd {o inhut). 
contracted from pvda (gen. ^as, dat. pvq.). 

2. The vocative of 'Eppirjs (the god Hermes, or 
Mercury) is ’E/yd), not 'Kppa. 

Second Declension Nouns : () Stems. 
Masculine nouns of this declension mostly end 
in os, neuters in op. There are very few femi- 


nine nouns of this declension 
end in os, like the masculine. 

Singular 

, and these 

Nom. 

My os (word) 

5u>por (gift) 

1 or. 

Myc 

dupop 

A cc. 

Myop 

d&pop 

* Gen. 

My ov 

diopou 

Dat. 

Myip 

Dual 

Oii'jXp 

Nom., Voc., Acc. 

Myio 

5lbpU) 

Gen., Dat . 

Myoiv 

Mural 

SlbpOtV 

Nom., Voc. 

Myoi 

dQpa 

Acc. 

Myovs 

pa 

Gen. 

My wv 

5upiop 

Dat. 

Myois 

dupois 


Like one or other of these, decline ApOpuiros, 
man ; bdfios, law ; sipSupos, danger; i rdrapos. river ; 
fi&s, life ; Sdparos, death ; 5oP\os, slave ; hnros, 
horse; tt6\€juos. war; or/jar^^s. general ; SiddakraMs, 
teacher ; 656s (f.), road ; pijeros (f.), island : 

gvkop, tig ; ipdTtov, outer garment ; feov, animal ; 
t6^ov, bow; and dtrSpop, tree (except that 
dative plural is SivSpea i). The vocative of 
ecdj, god, is Beds. Many nouns in cos, oos, and 
tor of this declension are contracted. Thus p 6 o ?, 
niftnd (rocs) ; dor toy, bone (forovy). 


Singular 


Nom. 

POVS 

QffTOVP 

\ ’or. 

POl' 

ixrrovv 

Acc. 

POVP 

fxTTOVV 

Gen. 

POV 

6(TT0V 

Dat. 

Pip 

Dual 

derrip 

•an.. Tor.. Acc. 

Plb 

Off Tib 

Gen.. Dat. 

POIP 

Mural 

6<rrotP 

Nom., Voc. 

voi 

offrd 

Ace. 

POPS 

vara 

Gen. 

PUP 

txrrCov 

Dat. 

POlS 

dtrrois 


A few nouns of this declension end in wy 
(masculine and feminine) and top (neuter), 
is sometimes called the Attic declension. Thus 
1 'iws. temple (nia.se.). and avuycuv, hall (neuter). 


Singular 


Nom.. For. 

vclbs 

dvuytwp 

. tec. 

PCii'P 

dpibytiop 

Gen. 

P((b 

duioyeu 

Dat. 

veip 

Dual 

dpuyttp 

Nom., 1 or., .hr 

. Vflb 

apioycio 

Gen.. Dot. 

Ptlpp 

Mural 

dvibyupv 

Neon.. Vo<\ 

pfio 

apuytu 

Arc. 

Vtd'S 

dvioytio 

Gi n . 

Ptlbv 

dpuytup 

Dat. 

reips 

apibyaps 


THE ARTICLE 

There is no indefinite article in Greek, but 


there is a definite article 6. 
deelined as follows : 

the, which is 


! Singufai 

! Dual 

! c . fc 

0^ ~ 5? 

| Plural 

' c Jt 


^ k. '< 

: 5 5 

; 5 .A Z 

A 7 . 

0 if TO 

Tib (ra ) Tib 

oi ai tu 

A. 

TOP Tr)p t6 

»♦ .» M 

rods ras rd 

G. 

TOV T7JS TOP 

toip (raiv) roiv 

r(bv ribv TU)P 

D. 

Tip T7J Tip \ 

»» »» 

rots rais rots 


It will be noticed that the feminine is declined 
like an 77 noun of the first declension (vtcx^), and 
the masculine and neuter almost exactly like 
a masculine and a neuter noun of the second 
declension respectively (Myos and 5u>pov). The 
feminine dual forms rd and raiv (especially rd) 
are rare ; tu> and roiv are generally used for all 
genders. The definite article agrees with its 
noun in number, gender and case, as ; ij Mpij, 
the girl ; rd derra, the bones ; rdts oUlais, for the 
houses. 

Ex Kit Cl HE II. 

Put into Greek: 1. Of the young man. 
2 . To the bones. 3. The sailor (accusative). 
4 . Of the two soldiers. 6 . Of the law. 6 . To 
the animal. 7. The rivers. 8 . To the citizens. 
9 . Of the temple. 10. The fig (accusative). 
11 . Of the island. 12. The girls. 


Continued 
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By Dr. A. J. HERBERTSON and F. D. HERBERTSON 


L_|AVIN(J studied the distribution of the chief 
* * natural commodities we must now turn our 
attention to tin* economic conditions of different 
countries. Commerce depends on one person or 
poodle producing more than they want of something 
which another person or people do not. produce, or 
produce in insufficient quantities. The excess or 
defect of production may he due to natural condi- 
tions or to the stage of economic development of a 
people. For instance, most plants are confined to a 
particular zone— -cotton, sugar, and coffee to the 
warm, tropical and sub-tropical zone, oats to the cool 
temperate zone. Again, coal is exported from Britain 
to the Baltic because there is practically no coal 
quite, near the Ball it* coast: but coal is exported 
from Britain to Pbina, not because there is no eon 1 
in riiina, but because the vast coalfields there ha\e 
not yet been properly o]>encd up. It will be useful, 
therefore, to consider how countries may lie grou|K»d 
according to their natural products, taking into 
Vonsiderat ion the economic conditions of their 
inhabitants. 

Zones of Different Natural Products. 

The first, broad distinctions are between the hot or 
t topical, the warm or sub-tropical, the cool oi 
temperate, and the cold or Polar lands. In each 
heft varieties occur according as the rainfall is 
heavy, moderate, or very scanty. The natural 
v eociat ion gives the key to these different di\i- 
-ioiis. and the* product* of each type of forest, 
'jiasdand, or desert are discussed in previous 
art iclcs. 

The Chief Trading Countries. Tu our 

own country, in most of Kurope. Xorth America, and 
Kuropean colonies, modern methods of cult i\ ation, 
of transport and commerce ha\e been in trod need. 
Stock-raising, fishing and agriculture art* earned 
on for the market, and the working of mineral- 
a ihI tile development of manufactures are developed 
on a large scab*. These countries may be further 
subdivided into two groups — those importing foot l 
and raw materials and exporting manufactured 
articles — such as (Vntral and Western Kurope and 
Kastern North America : and those largely export 
mg natural and cultivated products, and importing 
manufactured goods, such as Kastern Kurope and 
Kuropean settlements in warm and cool temperate 
/ones. 

The Eastern Awakening. 1» 

1 Inna, and India, the soil is even more caret ally <*ult i- 
'ated than withus, hut metal-working and manufac- 
ture by modern methods oil a vast scale have only 
recently bo jh introduced. The trade of these countries 
resembles that of the group last considered in that 
1 hev still export natural products and import 
manufactures. The methods of agriculture arc 
laborious, labour-saving machinery is little used, 
products are grown mainly for home use, manufac- 
tures and metal-working may be described a< 
domestic, for the factory system lias only recent ly 
Ih*ch introduced. Japan is at present the most 
advanced of these countries, hut India and China 
arc following it. 


The Poor Lands of the World. Tin* 
poor lands around the Poles and the desert margins 
have too little natural wealth for exportation on .i 
last scale, but here and there, where rich mineral 
deposits occur, such as gold in Klondike, or when* 
irrigation can he practised, as in Russian Central 
Asia, a dense and busy population is concentrated 
in districts usually of limited area. The lumber, 
ote.. of the forest, (pages thoV-N]. and the animal 
wealth of the seas J page r>12l | are the chief other 
commodities. The trade is one of export of natural 
products or minerals more or levs worked up in 
exchange for manufactures. 

The Rich Hot Lands. The rich grassland* 
of the hot belt have a denser population engaged in 
agriculture, pastoral pursuits, and even domestic 
manufacture. A considerable local trade is de- 
veloped. Their exports are mainly natural product**, 
for which manufactures are taken in exchange. 
They differ from the poor lands in possessing vast 
possibilities, and hero and there, under Kuropean 
-tinmlus and supervision, are producing on a large 
scale for example, bananas in the West Indie- 
and cotton in most of the area. 

The hot wet forests art* much more backward. 
There is little agriculture or even domestic manu- 
facture. The spontaneous products such as rubber, 
oil palm, coco-nuts are exported in exchange for 
light cloth, hardware, anil firearms. In the distant 
future these forests may become invaluable sourer* 
of supply of vegetable foods and raw materials. 

The Study of Economic Geography. 
The first question to ask in studying commercial 
geography is wlial are the natural conditions of a 
country, its vegetation, its animal products, its 
mineral wealth V Next come considerations of density 
of population - -how far the country can support the 
people, how far routes are opened up to allow its 
districts to communicate with each other and with 
other lands. These point* have already been dealt 
with in the general geography. 

The next consideration is the commerce of the 
land how far it has commodities to export, and 
how far it must obtain necessaries and luxuries from 
outside its boundaries. From the outset the student 
is strongly adv ised to make use of statist ical pubhea- 
turns. It is not necessary to rememlier the det tiled 
figures, but it is important to grasp tlu* relative 
importance oF the different exports and imports, and 
to try to understand what they mean geographically. 

Tn the following sect ions ,mh h statistical tables will 
be freely used at first, and their significance pointed 
out, so that the student may become familiar with 
the examination of such tables for the purposes of 
commercial geography. Later, when he is thoroughly 
practised in this, it will not he so necessary to print 
many tables, but merely to refer the student to them 
in such annuals as the* “Statesman’s N ear Book, the 
“Daily Mail Year Book” or “ Whitaker’s Almanack.” 

It is easiest to begin with the simpler condition® 
of the lands last mentioned, and to end our survey 
with the economic activities of the complex modern 
states of Kuropean peoples and their descendant-. 
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Brasil as a Type of Tropical Lands. 

Let us select Brazil as one type of the hot, net 
forest area with open woods in the higher lands, 
and also at lower elevations, where* it lies farthest, 
from the equator. Tn the “ Statesman's Year Book - ' 
for 1 t)0f> the exports of Brazil are coven as: 


These may he divided into spontaneous and 
cultivated products. The most important of tin* 
natural products are ruhher from the great forest, 
which has merely to lie collected. The savanus 
yield grass for cattle, hides and skins come from the 
pastoral higher lands, especially of the south. 
Brazil has, however, many plantations, the pro- 
ducts of which are chielly tin* alkaloid beverages — 
cocoa in the warm, wet parts of the north-east ; 
coffee, mainly on the h ills near the tropics, and 
yerha mate, or Paraguay t<u, from the ‘With, 
r'iu.ill V, cotton, the fibre most used for clothing 
in the tropics, is grown in the north-east, Imt very 
little of it is manufactured in Br.t/il. jSco aNo 
page 42HS.] Jn exchange for thesr Brazil imports : 


- 


I'ltll 


t 

£ 

Cotton goods 

Iron and steel work and 


2. 871, *20 

maelnnery 

2,024.172 

8,828,807 

Wheat ami Hour 

2.251,872 

2.887,718 

Coal 

1.215,852 

1,270,051 

Wine 

1 1,152,277 

i 1,770,202 

Jerked heel’ 

1.1.78,2 70 

1,208,180 

Woollens 

048.847 

001,772 

Jtice 

| 720,780 

018,401 

( M(lHsl) . . 

010, 1 40 

' 780.710 


As Brazil has so few factories, the-e are mainlv 
manufactured goods. The next important class 
consists of products of the temperate zone and fish 
for food. Lastly, there is coal. 

The Congo Free State. The Congo 
Free Stale (see page 35K3J is another example of 
a country with like geographical conditions, hut 
somewhat different economic ones. Its exports are 
as follows : 

Rubber, £1 ,73S,N5X ; ivory, £153.592 : palm nuts 
and oil, £97,219; white copal, £.77,027 : cocoa, 
£12,957 ; coffee, £9, ITS. 

Here is a Kind more recently opened to Fnropean 
influence. Spontaneous products of the forest play 
an all-important part, and cultivated plants yield 
hut a small proportion of the total exports. The 
imports to the Congo are equally suggestive : 

^Tissues and clothing, £37.7,109: food and drink, 
£233,081 ; metals, machinery, and sfeamers, 
£13S,;719: arms and ammunition, £30.373. 

Here, the white man is even more dependent 
than in Brazil on supplies from Europe, whence 
practically all food and clothing are brought. 

Typical Islands of the Hot Belt. 

Now let us take two islands where the systematic 
exploitation of the soil has progressed much further 
than in tropical Africa or South America. TnUuba, in 
the West Indies , 4 f.e exports for I -KM were as follows : 
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Sugar, £1 1,510,388 ; tobacco, £.7.199,538 ; fruits, 
grains, etc., £718,837; forest products, £384,938: 
mineral products, £299,113; animal products, in- 
cluding Jisli, £159,905. 

Of these, sugar is by far the most important, 
finding a ready market in the United States. Tobacco, 
half as valuable as sugar, and in the form of 
Havana cigars, is sent all over the world, hut 
especially to Europe and the United States. 

In Java, in flit* East Indies, the chief 
exports are sugar, coffee, rice, tea, indigo, 
cinchona, tobacco and tin, all cultivated 
except the hist- named. 

In both islands cultivated products far 
outweigh spontaneous ones m importance. 

Possible Products of the Inter- 
tropical Zone. We may take the products 
of these islands as typical of the kinds of 
commodities which may he expected to he 
produced in larger and larger quantities from this 
intertropical region. In return, textiles, especially 
cotton, machinery and hardware, and iron and steel 
goods of many kinds, luxuries of food and drink, 
especially wines, spirits and beer, arc imported, 
mainly from Europe and North America, but also 
from Japan, and in the ease of cotton, from India. 

The (‘omnierei.d importance of this area may also 
he estimated by the population. 'Pile total number 
is comparatively small, and when we consider the 
stage of ei\ ilisat ion of large numbers of t hose people, 
we re, disc how' small their powers of product ion 
and their demands for consumption must he. 

Yet much land in the hot zone is fit for such 
cultivation as is practised in Uuha or Ja\a or parts 
of Brazil. The total area of the hot belt is about 
half of (he area of the globe. There are parts of 
this hot belt towards its margins. mu-Ii as India 
and flic south of China, which an* well cultivated 
and densely peopled. The economic conditions 
of these old culfme lands dc-crv a lift It* closer 
study. 

The Lands of Southern and Eastern 
Asia. The eastern monsoon lands art* partly 
intertropical and partly subtropical. The more 
sparsely peopled mountainous areas of South-east 
Asia may he classed with the regions just described. 

J ml in and Uhina, however, with their dense popu- 
lations, require further consideration. In both 
there are vast fertile lowlands, which receive 
periodic rains in summer. Much of these lowlands 
is flooded annually, so that a layer of fresh soil i< 
left which repairs the loss of fertility due to the 
emps of the previous season. There is. however, 
a great climatic difference between the two. India 
is hot at all seasons. Most of Uhina has a well- 
marked winter, which is particularly severe iti the 
north. This limits flit* period of cultivation in 
Northern Uhina, and excludes all crops which can- 
not stand frost or art* not annuals. Let us examine 
more closely the economic conditions of Jndia. 
Before doing so the student should read again the 
remarks on pages 2818-2822 and 2972. 

Economic Regions of India and 
Ceylon. From an economic point of view we may 
divide India into the following districts : 1. The 

north-western mountainous land of Kashmir, pro- 
ducing wool. 2. The north-eastern mountainous land 
of the Eastern Himalayas and Assnu, with many 
ft a plantations on the mountain slopes and also 
with sal and other timber trees. Some rubber i** 
collected in the lower Assam torest. 3. The irrigated 
Punjab, with wheat, millet, sugar-cane and some 
pulses. 4. The united provinces of Agra andOudh. 
which form a transition from 3 to 5. 5 Bengal, the 
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wettest, and most, fertile of the northern lowlands, India consists of cotton mannl.irtumi goods. which 
produeingriee, sugar-cane, opium. indigo and jute in are worth over two-tifths of the whole and three 
the deltaic region. <». The Sind desert, with sheep, times as much as articles nf fond ,md drinks, 

goats and camels, yielding wool and hair, and also and of hardware, cutlerx ami metals, which 

cotton in irrigated places. 7. The Northern Deccan, are the next in importance. Machinery, railway 
with cotton, wheat, millet and oil-seeds. S. The plant, oils, clothing, and chemicals mv other ini- 

Central Deccan, with cotton, millet, oil-seeds, pulses port items. The metals notably absent from ex- 

and sugar-cane to the south in Mysore, lb The west ports are important among import*, 
or Malabar coast, producing cotton in the lowlands. The Customers of India. From the 
sugar in the north, in Kathiawar, and teak on the above list it will be seen that at pic.-ent the 

forested slopes. 10. The east or Coromandel coast, greater part of the imports can he supplied most 

producing cotton, palmyra palm sugar, tobacco, in easily from Fiiiojk*. and that the exports, excluding 

addition to millet, oil-seeds and ground nuts. II. opium to China, manufacture- ot cotton to (Vina. 

Ceylon, with coco-nut groves round the coast. Japan, and the Ka-t generally, and jute to w heat- 

rubber plantations and ricc-lidds on the lowlands, growing lands as gunny hags! are products lacking 
tea, cinchona, and cocoa on the hillsides, and in Kuropi*. This is borne out by 1 lie table show ini' 

rich plumbago or graphite mines. 12. I’ppci' the origin of imports and dost ination of exports : 

Kurina, with its teak forests and ruby mines. 

13. Lower Burma, with rice fields, teak, and 

]ietroleuin. 

Exports Of India. A xcry clear idea of 
the chief products of the different divisions of India 
may be obtained from the table given below, show ing 
the value of the exports from the chief provinces. 

Turn back to the descriptions of these divisions on 
pages 281H-22 and notice what physical features 
and climatic conditions control the distribution 
of these products. Wo are now able to form a 
picture of the great commercial movements from 
the producing cent res to the ports. 

We may a-k the ipiestiou, How far is 
this trade permanent Obviously India 
can supply its people with food, but when 
the population i- dense no tood remains 
lor export. For instance. Burma, with 
a far smaller fertile* area, exports three 
times as much rice as Bengal, because the 
very large population of Bengal consumes 
most of the crop. Most of ihi- Burmese 
To Karachi, mainly by lines of the Indus basin, are rice goes to Japan and Straits Settlements, 

sent wheal from the* Punjab and some cotton and On the* other hand, owing to the great elemand 

oil-seeds. Bombay ree-eives from lines along the for wheat in temperate lands. I nelia produces much 

coast and (le*scending from the Deccan the great as a winter crop mainly tor the foreign marked, 

supplies of cotton from ( in jurat and the* black cotton the cultivators living largely on milled. .India, 

area of the plate*au, whence come oil-sceels, opium, has an advantage* in sowing the- whe*a! when the 

and whe*at. It also expends cotton yarn anel piece- re*siilts of the* nort!ie*rn lempe*rate harvests. are* 

Line >< Is from Bombay mills, The lines of the wider fairly well known. In IWM. when the North 

eastern coastal plains of the Northern Deccan eon- Atneri<*ati crop failed, the* expml from India was 

v erge on Madras, \vhe*re cotton, oil seeds, ami rice* 25,500,OtM) cwt. famine*. Iiowe* er, has to be) 

from the* easily-flooded deltaic lands are export eel. reckoned with, and the a I vc ligurcs may be com- 

The greatest pend of I nelia is Calcutta. with the* pared with the ti.l(JI* cwt. ed whe*at ex potted to the* 

immense fe*rtile plains o*' tlie Canges and the hilly I'niteel Kingdom in ItMM). Ihc increasing demand 

lamls of Assam as hinderland. Hither opium is tor raw cedton is likely to ensure an extension of 

brought for exportation to China. and great, sup- cotton cultivation, while the proposed. prohibition 

plies eif jute, jute manufaeduies, rice*, oil-seeds and of opium smoking in China w ill greatly dimmish 

wheat. The plains of Burma furnish the rice and the eultivaiion ed the poppy. 

the* hills tin* teak, which arc expended at Rangoon. India s poornc— m minerals, especially in coal 
The Total Trade of India. The overland and iron ill edose* proximity to each other. greatly 

trade of India is small owing to the* mountain hinde*rs indwstriid development. I he- climate* is 

barrier, wh kill makes communication dillieult. The* unfavourable to great exertion in tartoric-, and the 

total sea-borne trade of India, excluding (invent- epiality e>f labour is nett so good a- at hemic. Hence*, 

incut, stores and treasures, was on the mean of the though wages arc low, the ■ • t *»f labour per yard is 

live years ] <10 1-05 : Imports, 1.01*0,000.000 rupees; relatively high. Feir the present India will be a 

ex ports and re-exports. 1.120.000,000 ru |**ch: while great exporter of foods and raw material and 

in 1004-05 imports were nearly 1,300,000,000 rii[K*cs. importer of manufactured goods and luxuries, 

and exports over 1,050,000,000 rupees, of which Ceylon. Colombo exports tea, coco-nuts and 
less than 34,000,000 were re-exports. The overland graphite or plumbago. Rubber i- being culti- 

tradc is less easy to estimate accurately. but in vated and will soon be* important. ( olombo is one 

HKU-05 was over 70,000.000 rupees worth* of goods of the great shipping junctions of the world, where 

imported and over 00,000,000 rupees worth ex- ships from Sue/, in the north-west, the Bay of Bengal 

ported, mainly from and to Nopal and Kashmir. in the north-east. Singapore and the Far Fast. and 

(A rupee is worth l.Vld.). The import trade of Australia in the south-east. :\ll meet. 

Continued 
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THE DECORATION OF POTTERY 

EARTHENWARE 

3 

How Decoration is Applied to Pottery. Clay Decoration. Printing 

J',.J II liV 

ronCuMi.l Hum j.-iki* v.»".T 

on the Biscuit. Coloured Glazes. Chromo-Lithography. Lustres 


By MARK SOLON 


TMIKRE is no industry which lends itself to so 
1 many varied forms of dccor.it ion as pottery 
manufaet mv. At aJmost every change in the 
state of tin* clay opportunities ar< afforded for 
introducing colour and decoration. It we 
< xelnde the plastic property of tin* clay, which 
enables us to create* new and decorative forms 
by the help of the modeller, thrie remain live 
distinct technical methods of decorating the 
wait*. Taking these in tin* order in which they 
occur in tin* process of nianufa t me, they are: 
(I) colouring of bodies or clays ; (2) introduction 
of colour on the biscuit cither by printing or 
painting; (3) use of coloured glazes; (-4) appli- 
cation of soft colours or enamels on tie* glav* : 
(o) metallic or lustre decoration. 

These methods used eithei 
singly or in combination with 
each other give us ail endless 
held of decorative* effects. 

The Application of 
Colours. If is not necessary 
here to dwell upon the methods 
of tlu* sculptor or modeller, 
which, although they eon- 
tributt* so much to thedeema- 
1 ion of tlx* pottery, must be 
considered as a separate art. 

We will, therefore, confine our- 
selves to the application and 
production of various colours. 

These colours depend en- 
tirely on certain metals and 
t heir preparat ion and beha\ iour 
und'T different treatments. 

Those most commonly used an* 
iron, cobalt, chromium, nickel, 
manganese, copper and anti- 
mony. 'Tito more expensive and 
rare metals, such as gold, silver, 
uranium, platinum, titanium, 
ate list'd in small quantities to 
give- certain effects. 

Preparing Colours for 
Bodies or Clays, lit pre- 
paring our colour for dot oral ion 
with bodies or clays we an* 
limited to those metals who>e 
colouring properties will with- 
stand the heal necessary to 
vitrify the clay, or, in other 
words, the temperature of tin* biscuit oven. Ill 
every ease a sinail quantity of the suitably 
prepared metal or its sa.lt is intimately mixed 
with tlu* body, being introduced in tin* form of an 
extremely tine powder. The colours which can 
be obtained, are roughly : 

Black : Black generally lesults from a mixture 
of iron and manganese, preferably mixed with 
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the marl or clay, which already naturally 
contains a quantity of oxide of iron. The 
colour is made richer and deeper by the addition 
of a small quantity of oxide of cobalt. 

Bli k. Blue tints are derived from the oxide 
of cobalt mixed with a white body. The brighter 
or sky blues are obtained by calcining the cobalt, 
■with an excess uf alumina, holme introducing 
into tin* body. Indigo tint is due to an excess 
of silica and the piesencc of zme. 

Ciikkx. The oxide of elmnne mixed with a 
white body gives the foundation of all given 
tints. They may be made more blue by tlu* 
addition of cobalt, or yellow by the intro- 
duction of iron or nickel oxide. 

Via low. Vellow is due to 
the oxide of iron, and is gene- 
rally produced by introducing 
inei Is w hieli contain a quantity 
of the oxide. Lighter tints 
are sometimes made by mixing 
a small quantity of rhutile 
(t it anal e of iron) with the white 
body. 'Phis latter stain is more 
permanent, and will stand a. 
higher temperature than the 
natiu.il marls, which, after a 
certain iieat, have a tendeucy 
to go grey. 

Blown. Brown is given 
by a mixture of chrome and 
iron, or the chemical combina- 
tion of the two, chi ornate of 
iron, with a white body. If a. 
natural marl containing iron be 
u<t‘d, the tint may be obtained 
by tlu* introduction of a small 
quantity of manganese. 

Rkd. The dull reds are due 
to natural red marls in which 
the staining agent is iron. 

Brighter tints may bo 
obtained by mixing with a 
tclspatliic body a natural sili- 
cate of iron obtained from the 
South of Fiance and known 
as “(ires de Thiviers,’’ 
which, alter calcination at a 
high heat, developed a bright 
red tint. 

Clay Painting. All the 

above colours are applied to the clay piece before 
it becomes dry — that is, when it is sufficiently 
dry to withstand the brush. The painting 
in coloured bodies # is known as Uarbottui*- 
pnntimj. Other decorations which might he 
included under this heading are the jasper 
wans of Wedgwood |20], in which the ornament 
in white or coloured clay is applied to pieces of a 
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The lines n n<l 
an* mack* by 
of lighter clav. 


different -coloured ground. Moulds having been 
prepared, either in plaster, pottery, or hard stone, 
of the ornament which has to appear on the piece, 
impressions are taken from them in clay in the 
white or coloured body. The ornament is then 

applied to the vase. 

the baek of the clay 

impression being $ 

first of all moist- jG 

cned with t bin slip. 

.Marble or agate 

Avare [21], in which » £ 

various colours in 
imitation of tlu*se 

stones is required. V ii < 

is produced by 
roughly in i x i n g 
together layers of 
different - coloured 
clays before* the ' |L 

piece is pressed. Trjri r 

Sgraffito. 

Sgraffito [22] is a 
method of decora t- 

ing in two colours. 

A layorof wl.it.- or 2 1. .. A0ATK v 

tinted clay is laid 

upon a body of darker colour. The lines and 
background of tie* ornament arc* made by 
scraping away the top layer of lighter clay, 
revealing the darker body underneath. 

'Colour Applied on the Biscuit, or 
Underglaze. The metal.s um*cI 
in the process of decoration in 
which the colour is applied on 
the biscuit, or undcrglaze, arc* 
almost tlu* same as those in Ihe 
previous method. In the ease of 
the black, blue, green and brown, 
the metals are the same. How- 
ever, to reduce the strength of 
the stain, and in some eases 
to develop a particular tint, the 
metals are first of all calcined 
with other ingredients. For 
instance, the staining power of 
cobalt, which produces blue 
tints, considerably increases bv 
calcining it first of all with such 
fluxes as zinc or baryta. The 
brighter tints, as has already 
been said, arc* produced by 
calcining it with an excess, about 
one to twenty, of alumina. The 
deep browns are produced from 
<he pure chromate of iron. The | 
lighter and redder tints arc* 
made by introducing an excess 
of alumina and zinc. <>li\e 
green is due to chrome oxide 
{done, calc ined with an e xcess of 22. soraiti 
china clay. .Blue -greens arc pro- 
duced by mixtures of chrome, cobalt and zinc. 
Where a mere Hux is required to lighten the 
lint of any particular colour, the mixtures 
already inferred to are reduced with such mate- 
rials as hint, stone, ground biscuit, or tin ash. 
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Yellow* arc produced by calcining the oxide 
of antimony with oxide of lead. 

Hc'ds do not exist in uudcrglnzc decorations, 
the nearest colour being a bright crimson, which 
is obtained by a mixture of oxide of tin. whiting. 

and oxide of 

chrome. The metal- 
lie oxides, after 

ened. The copper 

\ru " t kaput plate is heated and 

charged with tlu* 
mixed colour. After the superfluous colour lias 
been scraped from the plate, a piece of thin 
paper, wet with soap size, is placed upon it. and 
the two put through a cylindrical press 1 23 {. 
On pulling the paper from tlu* plate it brings 
with it the colour left in tho 
engraved lines. This is placed 
carefully upon tlu* biscuit pieco 
face downwards, and rubbed 
with a flannel rubber until tho 
pattern is fairly transferred to 
t he pieci*. 

The Printing Machine. 

In Mime cases, especially where 
iarge quantities of one pattern 
.lie to be printed, machines arc 
employed (24J. The machine 
con>i>ts of a copper cylinder, on 
1 1;** surface of which tho pattern 
is engraved. The. cylinder is 
made to revolve slowly, colour 
being fed upon it from a. small 
open 1 rough. Tho superfluous 
colour is scraped oil with a tlat 
-'tool knife, the edge of which 
lit - closely against the surface* of 
tlie cupper. The paper, which is 
wound upon a largo reel, is made 
to pass mulcnioatU the cylinder, 
meeting u at the point whcic 
the engraved lines only are 
charged xvit It colour. The pat- 
tern is transferred to the paper 
... ...... bv t he pressure of a roller covered 

with indiai ubber, which is 
brought to bear against the copper cylinder. In 
this way the paper bearing the pattern is delivered 
from the machine in a continuous band, which is 
cut as required and applied to the biscuit waro 
in the manner alro.idy explained. 'Ihe pieces 
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arc then put into the water, the paper washed 
off, leaving the engraved pattern on the biscuit. 

The oil is then generally burnt out of the 
colour in small muffle kilns, and the piece dipped 
in the glaze and fired in the ordinary way. 

When the decoration is painted, the medium 
mixed with the colour is 
either gum tragaeanth or 
turpentine. 

Coloured Glazes. 

Coloured glazes are produced 
by melting or mixing with tin* 
transparent glaze the metals 
already referred to. The com- 
position of the glaze, however, 
varies the tints given by the 
different metals. For instance, 
cobalt, if mixed with glaze in 
which there is a preponder- 
ance of lead, develops a deep 
indigo tint ; if with an excess 
of alkalies, such as soda and 
potash, it develops a much 
brighter colour. An excess 
of soda in the glaze with 
copper develops a turquoise 
bhie, but if lead be in excess the copper gives a 
green tint. Potash with manganese gives a bright 
violet. Yellows are formed by the introduction of 
iron oxide in a lead or alkaline glaze, or from the 
chromate of lead. Reds are formed from the 
mixture of tin, whiting, and chrome already 
referred to, together with a soft lead glaze. 'The 
glazes may be painted on the biscuit, the ornament 
being defined by raised lines previously formed in 
the clay [25]. Without these lines the glazes on 
melting would have a tendency to mix with each 
other whore they meet, and so make any definite 
form of ornament impossible. If varying shades 
of the same colour be required, modelled sur- 
faces may be covered witli coloured glaze, lighter 
01 darker tints being produced according to the 
t hickness of glaze accumulating in the depressions. 

Application of Soft Colours or 
Enamels. Up to the present our palette has 
been somewhat limited, owing to the heat 
necessary either for the firing of the clay or 
melting of the glaze. In the application of soft 
colours or enamels on the glaze, however, our 
range of colours is almost endless, as only a 
feeble heat is necessary to remelt them on the 
surface of the glaze, the base, or, as it is termed, 
the flux , with which, metallic oxides are mixed 
lieing an extremely fusible lead or alkaline glass. 
In tlie majority of eases, a flux composed of 
lead, borax, and sand is used. This is melted 
like an ordinary frit, and afterwards ground or 
rcmelted with the colouring oxide. The metals, 
il\ order to reduce them to a tine state of division, 
aro usually dissolved in hydrochloric acid, and 
then precipitated with carbonate of soda. They 
are afterwards well washed and dried. 

The decoration is generally painted on the 
ware, the painter using turpentine and essence 
of lavender as a medium to carry the colour. 
Where great depth of colour is required, the 
pieces are tired sometimes three or four times, 
further tints being applied between each firing. 
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Chromo* lithography. Another form 
of decoration on glaze which in recent years has 
become extensively used is that of chromo- 
lithograph //. The lithographic stones are drawn 
and prepared in the usual way, but printed with 
ceramic colours on highly-varnished paper. 
Between the varnish and the paper is a thin 
layer of gum and dextrin. The lithographic 
transfer is placed face downwards upon the ware, 
which has been previously heated and sized with 
a preparation of resin. After being rubbed 
firmly to the ■ware the piece is put in water, 
when the gum and dextrin dissolve, allowing 
the paper to float away, and leaving the varnish 
and colours upon the glazed surfa n e. 

Gilding. The application of gold to the 
glazed surface is an important feature in the 
decoration of pottery. If used in combination 
with other processes, it is always the last stage of 
decoration, requiring only a very slight tempera- 
ture to fix it to the glaze. The metallic gold is 
prepared by grinding it finely in waiter or tur- 
pentine, with mercury, silver, lampblack, gold 
alloy, and a small quantity of soft flux composed 
of lead, borax, and flint. 

Tt is either pencilled, printed, or stippled with 
cotton-wool on to the ware. After firing, the 
gold, which presents a dull appearance, is scoured 
with fine sand and burnished with pieces of hard, 
highly-polished stone. 

A cheaper form of gilding is by using the gold 
in tho form of a lustre and known as “ Liquid 
Cold." In this ease the salt of the metal is inti- 
mately mixed with a large quantify of oils and 
resin so that tlie preparation contains only a 
small quant ity of actual gold. It is brilliant after 
firing and so requires no scouring or burnishing. 

Firing Enamel Colours. All decora- 
tions on the glaze are fired, in order to fix them 



to tho surface of the piece, through muffle kilns. 
These kilns consist of fireclay boxes, generally 
about 3 ft. 6 in. wide, 7 ft. high, and 10 ft. long. 
They are built up of thin fireclay slabs, tongued 
and grooved on eveiy side in such a way that the 
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joints between them do not allow any sulphurous this mixture has become thoroughly homogcne- 

or injurious fumesfrom tho burning fuel to enter, ous by the constant stirring, remove the capsule 

Around the box are arranged a number of flues from the sand bath, and add little by little a 

connected with the fire holes. The flame, on further 30 to 35 parts of essence of lavender, 

leaving the mouth, wraps round the kiln once. Allow to cool for several hours before using, 

and sometimes twice, before escaping into the The other metals are prepared in a similar 

manner, the essence of lavender being some- 
times replaced by turpentine or any other oil 
which does not precipitate the substances with 
which it is mixed. In the same way the resin 
may be replaced by sulphur or Canada balsam. 

The lustre is pencilled upon the ware in thin 
coats, and fired in inutile kilns at a low heat. 

Two Recent Productions. Some idea 
of the almost unlimited combinations of mate- 
rials and treatment producing varied decorative 
effects ran be formed from a short- descrip- 
tion of two recent productions, Kongo FI am be 
and Crystalline glazes [see Plate facing page 
5233]. ” The former, which is essentially a 
“ flame ” red colour, is obtained by submitting 
a glaze containing copper and tin to reducing 
atmospheres — that is, during the melting of this 
glaze the atmosphere in the kiln is charged with 
unconsumed carbon generally by introducing 
chimney. Figure 24 shows an elevation and end coal gas without the necessary air to bring about 
view of a muffle kiln, which is down-draught its complete combustion. This change in atrno- 
in principle. 'Che pieces are placed inside the sphere turns the copper from green to bright red. 
inner chamber on iron shelves built up with Crystalline effects, which appear like clusters of 

stout iron props of varying heights. The firing opaque white or coloured stars floating in a 

lasts from 10 to 12 hours, and the heat transparent glaze, are produced by charging the 

attained is from 000° to 1,000° C. The fire- glaze with an excess of some material (generally 

man gauges the heat of the kiln by drawing from zinc) which has the property of separating out in 

it small pieces of pitcher, which have been crystalline forma- 

coated with rose colour. This colour, which* ❖ ■' tions as the molten 

is prepared from a precipitate of gold and tin, ! ' glaze cools. The 

varies accurately in tint with the increase action is similar to 

of heat. The following table gives 1 he degrees of ^I| SiT ; that which takes 

heat- at each variation in the tint of the. colour : '*4| i L* place when salt has 

Reddish brown .. .. <150° <\ fA | Bp; been added to excess 

Red SfiO° 0. T| A R i ■» boiling water. 

Rose purple 000° 0. A While the water boils 

Violet rose 020° (-. • fl _ r “ the salt appears in 

Violet 950° (■. 1 solution, but on cool - 

Pale violet 080° 0. : i}y' '' ing crystallises out on 

Slight violet tint (rose colour ' ' the sides of the vessel, 

destroyed).. .. .. 1,000° C. 26. sectional elevation Some of the examples 

Lustre Decoration, Metals, such as muffle kiln shown in the plate an: 

gol<l. plal inum, silver, uranium, coppvr, and iron, AlTO " s of t he productions of 

may be applied to the surface of the glaze, .Messrs. Pilkington 

and by suitable preparation give an iridescent & Co., Ltd., and are tie* result of long research by 

or lustrous effect- to the glaze, after firing at a the well-known ceramic chemist- and author, Mr. 

low heat. This is done by dissolving the metals William Burton. Tn the specimens A, E, F, IT, J,L, 

in acid, and intimately mixing them with such Mr. Burton has successfully reproduced the 

substances as sulphur, essence of lavender, and achievements of the early Chinese potters, 

other reducing agents, which tend during the The other pieces shown on this plate, B, ( , D, 
firing to keep the metal in its metallic state. («, K, N, O, P, Q, R, S, are various Flam be. 

rhe method of preparing these lustres is one clients by Messrs. Poult on & Co., Ltd., Burslem, 

which requires great care and attention, the and manufactured under the personal direction 

metallic salt being combined with reducing agents, of Mr. Cnthbert Bailey, who has done much to 

Preparing the Lustres. To prepare make the production of Flambe a commercial 

yellow lustre, for example, dissolve 30 parts of success, and to systematise a process which up to 

resin in a capsule resting in a sand bath, which has recent ly has been great-iy a matter of chance, 

been gradually heated. When the resin is melted, Although the processes explained at the 

add ittle by little 10 parts of nitrate of uranium beginning of the article arc those most generally 

stirring constantly. While still stirring, add from used, the decorative potter may have recourse 

35 parts to 40 parts of essence of lavender. When to an almost endless number of methods. 

Continued 



25. TILES DECORATED WITH COLOURED GLAZES 
(.Minton’s, Ltd ) 
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The Things that Make for Progress. Liberalism and Conservatism and their Rela- 

Contlmiod from 
pngo 5J4S 

tion to Progress. Necessity of Toleration and Freedom. Truth is Unconquerable 


By Dr. C. W. SALEEBY 


YY^K need waste no time upon those who declare 

** that progress is a myth. The answer to this 
assertion in all its forms may be conveniently 
expressed in the one word “ Darwin.” The 
critic who does not know what that name 
stands for should play marbles. He may 
become efficient at that, but sociology is not for 
him. In these days we are able to go right on, 
and, recognising progress as the greatest, of 
facts, to ask what art* its laws and condi- 
tions. What is the meaning of the past to us ? 

We are the Product of the Past. In 

the first place, wc are its products ; we are, 
whereas, it only was • it has done its work, 
and from that point of view our business 
is not with it, but with its results. There has 
been far too much idle looking backwards, blit 
if this course has taught ns anything it is that 
wo may look backwards not idly but wisely 
Wc therefore turn deliberately backwards, but it 
is the future of whieli we think. To tell the 
story of the past evolution of man without any 
reference to what it signifies in the future is, as 
has well been said, to set out to tell a good story, 
and to leave out the point. We do not mean to 
leave out the point. Jn virtue chiefly of the 
work of Charles Darwin, work which wo limy 
associate with the year 1859. when he published 
one of the greatest books of all time, we know 
now that all kinds of animals and plants, small 
or great, highly organised, or lowly organised, 
owo their existence to the operation of certain 
factors, very easy to understand and explain. 
The terms we may recall arc “ the survival of 
tiie fittest ” and “ natural selection.” which, 
however, is not a good term, for it does not 
explain itself. 

What th© Law of Progress is. Neither 
Darwin nor Spencer, who preceded him by a few 
years, nor Lamarck, nor Darwin’s own grand- 
father, Erasmus Danvin, was the originator of the 
idea of organic evolution. We find it even amongst 
the Creeks, and we find it expressed six hundred 
years before Christ, by t^ose two mighty con- 
temporaries, Gautama, the Buddha, and Hera- 
cleitus, of Ephesus. Many people, thus, had 
said that organic evolution had occurred, this 
Evolving the proposition that progress had 
occurred, since no quibbling about the meaning 
of the word progress and no pessimism can 
explain away the difference between man and tho 
worm. But none of Darwin’s predecessors had 
clearly showed why organic evolution should 
have occurred, or given a practical instance of how 
it was occurring. Darwin established an epoch 
because he showed us the Law of Progress, prac- 
tically illustrated in living nature. 'Hie theory, 
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in brief, is this: that all kinds of animals and 
plants, high or low, large or small, tend to multiply 
at a very considerable rate, as we human being * 
do, and in fact all of the candidates for life. 
In the new generation some are better fitted 
for life in the environment in which they find 
themselves than are others, and as there is not 
room for all, there occurs a struggle for existence. 

Nature is Cruel to be Kind. The struggle 
for existence among men, or the lower animals, or 
microbes, or anything you please, is easily ex- 
plained. If there be room for only a proportion of 
the total, and if we individuals vary in our fitness, 
it is necessary that the fittest shall survive, 
whereas the weakest shall go to the wall. That, 
of course, credits Nature with a certain brutality. 
But if we come to consider what the result of the 
survival of the fittest, is, we shall see that Nature* 
is really cruel to lx* kind: Like tends to beget, 
like ; and the descendants of the unfit, whether 
of an oak, an ox, or a man, tend to resemble 
thei r parents in their unfit ness. The descendants 
of unfit parents will tend to be like their parents 
and will also find the struggle for life hard. If. 
therefore, unfitness is allowed to propagate more 
unfitness, then life will be hard for all who arc* 
to come ; while, on the other hand, fitness will 
tend to produce a fitter race. Hence the action 
of natural selection is seen to make for the 
increase of fitness, and therefore for the increase 
of happiness. Happiness and fitness go together 
in any sphere. Therefore the law of natural 
selection or the survival of the fittest must 
not lx) condemned outright as a brutal law. 
Terrible it undoubtedly is, according to the 
higher morality, which, by the greatest of 
paradoxes, it has itself evolved. But if we look 
at it for one moment, if we 'observe its results 
in the future, wo see that it is unquestionably 
a beneficent law. It dominates tho history of 
living things without exception. 

The Good in Men Lives After Them. 

What wc call individuality or personality among 
human beings is only a special case of the great 
fact which biologists call variation. It is the com- 
plement of heredity, the tendency for the offspring 
to vary in somo character, and in some degree, 
from the parent seems to be a universal property 
of living matter. Such a variation is absolutely 
distinct from any change produced in the child 
by education or environment. Generally speak- 
ing, acquirements are not transmitted to tb<? 
next generation, but variations are ; and this it is 
which gives them such vast importance in rela- 
tion to the future of society. We will not say 
that acquirements are of no importance except 
for the individual, for it is one of the cardinal 
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facta of human life that the most valuable of 
acquirements, though they are not transmitted by 
physical heredity, aro yet transmitted by social 
heredity. The learning of a Newton does not 
appear in his child, yet in a true sense we are all 
his children, and his acquirements have not died 
out ; as has well been said “ the good men 
write lives after thorn.” So profoundly true is 
this that some thinkers have inclined to explain 
the whole of human history, and the whole 
difference between human society and societies 
of lower animals, in terms of social inheritance. 

Nature does not Create, but only 
Selects. But for our present purpose the 
measure of truth in such arguments does not 
matter. Even granting that the acquirements of 
the individual may thus be made permanent and 
may thus be transmitted — just as his inborn 
variations may be transmitted, though by very 
different means — the great fact of the use of indi- 
viduality remains. We can entirely ignore the 
distinction between variations and acquirements, 
and can still recognise that, in any case, it is 
the accomplishments of individuals that have 
made progress possible. We must never forget 
that natural selection does not create but merely 
selects. The truly originating or creative act is 
the production of variations, and the original 
character which is called variation in a rose is 
illustrated in the individuality of man. No 
biologist has yet been able to explain how 
it is that variation occurs, but our present 
business as students of sociology is simply to 
recognise that it does occur. 

Biology teaches us that if there bo no 
variation there can be no progress. Natural 
selection would still act among, for instance, 
the tigers— some of which, by assiduous practice, 
would have acquired bigger muscles than others ; 
but the tigers thus selected would not transmit 
their bigger muscles to their offspring — there 
would be no evolution in the direction of 
M length. 

The Things that Account for To- 
morrow. Apply this to man. Suppose that 
there were no variations in his case, and 
that we w r ere all born identical. Since 
the environment of every man is different 
from that of every other — no two men have 
read exactly the same books — we should still 
come to differ from another. As the writer has 
said elsewhere, ” Those who had made t he most 
advantageous acquirements, such as industry 
or great knowledge, would tend to survive and 
prosper, while those who had made disadvan- 
tageous acquirements, such as laziness or the 
loss of sight or limbs, would be pushed to the 
wall. That process, of course, occurs in society 
at the present day to a greater or less degree, 
but it has only immediate and contemporary 
consequences. For if we recall the assertion 
that acquirements cannot be transmitted, we 
shall see that the selection of those who have 
made advantageous acquirements cannot benefit 
the next generation, since those acquirements 
die with their makers. The only process of 
natural selection which can result m progress is 


one which consisfs in the selection of favourable 
variations, the reason being that such are trans- 
missible, and that the children of persons so 
selected will tend to inherit their parents’ 
good fortune.” Alan himself is the product of 
the working of this law during past ages. In 
those ages, at any rate, acquirements had no 
value except for the day and the individual 
who possessed them. “ It is inborn characters, 
including variations — and all inborn characters 
began as variations— that alone count for to- 
morrow'.” 

Society is Made Up of Variations. 

Tn general we may say that man is the least 
variable and the most adaptable of animals , hut 
we may he sure, nevertheless, that no two 
human individuals are absolutely identical at 
birth. It follows that society is not a collection 
or structure made up of similar units, but of 
units which art; necessarily and constantly 
dissimilar. This is an ultimate biological 
fact which no social contrivance — and least 
of all any attempt to deny or ignore it 
— will affect. Obviously, it must have immense 
significance, especially if we remember that 
these dissimilarities tend to be inherited. How', 
then, must we interpret it sociologically ? 

Are we to welcome it or regret it ? What is 
its relation to progress ? 

The answer is that through all the ages 
variations have constituted the raw material 
of progress. Unfit variations have rapidly 
disappeared ; valuable variations, making their 
possessors fit, have enabled them to survive 
and multiply and to inherit the earth. If the 
value of variation be true of the lower animals, 
it is truer still of man ; and this for several 
reasons. In the first place, since man is the 
least variable of animals, variations are rarer 
and have the worth of rarity. Far more 
important is the second consideration, that 
variation assumes a new form in the case of 
man — a higher form having a proportionately 
higher worth. 

Genius is not Born to Die. When the 
biologists teach us that man is the least variable 
of animals, we should remember that they are 
speaking only of physical variation. When w r e 
ascend from the physical to the psychical 
plane w r e find that, the dictum of the biologists 
is no longer applicable. Man is now the 
most variable of animals, or rather of spiritual 
beings ; and it is because his variations 
an; on this exalted piano that they are of such 
worth. Take Shakespeare, for instance ; his 
individuality, personality, or genius was a case 
of psychical variation of great magnitude. A 
physical variation of similar magnitude would 
have been the possession, let us say, of half a 
dozen arms or hands, the worth of which 
would have been nothing at all, but the worth 
of Shakespeare’s psychical variations was im- 
measurable. As Charles Reade said of Erasmus, 
in closing his greatest novel, ** The words of a 
genius so high as his are not bom to die : their 
immediate work upon mankind fulfilled, they 
may seem to lie torpid, but at each fresh shower 
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of intelligence Time pours upon their students 
they prove their immortal race ; they revive ; 
they spring from the dust of great libraries ; 
they bud, they flower, they fruit, they seed, from 
generation to generation, and from ago to age.” 

The World*® Gain Through Books. 
And there is yet a third reason why human 
variation, which is psychical variation, is of 
such great worth. It is localise of the possibility 
of social as distinguished from physical in- 
heritance. A useful variation in the case of 
one of the lower animals is worth nothing to the 
race unless that animal have ehildren which 
will inherit and transmit it. Now Kant and 
Herbert Spencer were bachelors ; the psychical 
variation which expressed itself in their genius 
was not transmitted by physical inheritance — 
which, in any case, is terribly uncertain in matters 
of genius. Yet, society would have lost im- 
measurably without those conditions of liberty 
which, imperfect though they were, at any rate 
permitted them to say their say — to which men 
will listen to the end of time. This point, 
that psychical variation in man is of value 
because it can be transmitted to subsequent 
generations by means of books, is one of the 
utmost importance. 

And now surely we see that if individuality or 
variation has been the first condition of' all 
progress in the past, of all the base degrees by 
which we did ascend, individuality, or psychical 
variation in the ease of man, is in even greater 
measure the first and essential condition of all 
human progress. The law of progress is this : 
tha f everythin! which is new and true and good 
.shall be given a hearing. This doctrine, which 
the writer has endeavoured to base upon the 
facta of biology, will immediately introduce* 
us to the great conception of liberty. 

How Truth Begins to Grow. The 

law of organic progress, as demonstrated 
to us by the study of organic evolution, 
constitutes the immovable natural basis for 
the intuitive conviction of democracy that 
there should be a potential field-marshal'* 
baton in every soldier’s knapsack. Further- 
more, as the writer has said elsewhere, “ we 
should recognise that the greatest present 
and future happiness is served by the freest 
and fullest possible exploitation of every 
kind of ability— provided, of course, that it 
be not exploited in anti social acts. In per- 
mitting the superior to benefit by their 
superiority, we benefit ourselves and our descen- 
dant*. Worth of any kind is always worth 
something to others than its possessor. The 
history of all progress, from the anuoba up 
tc3 man, is the hist_>ry of the establishment 
and accomplishment of novelty, variations, 
individuality — all difficulties notwithstanding. 
In all ages collective devices, academies, royal 
societies, have stood for the repression of in- 
dividuality. In the moral, philosophic, and 
religious history of the w orld the same has been 
true. Every truth starts as a heresy, and the 
supreme individualities, the supreme prophets, 
the founders of religions, the noblest of the 
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noble dead, those to whom we owe almost 
everything that we rightly prize, have ever 
been poisoned, or crucified, or stoned, or mocked, 
or spat upon, and invariably by collective forces. 
In a sense, at least, Carlyle was right w r hen he 
declared that “universal history — the history 
of what man has accomplished in this world — 
is at bottom the history of the great men who 
have worked here.” But the rule is that there 
arises some collective apparatus, declaring itself 
to possess the spirit of its founder, and the 
necessary foe of ail such new individualities as 
that which gave it its own birth. 

Committees are not Productive. As 

the intelligence of man attains greater heights, 
and as tlie principle of the worth of the individual 
is seen to be sanctioned by biology and human 
history alike, we may hope that genius, individu- 
ality, worthy variation, w ill no longer have to fight 
the mediocre majority, but will ever receive a 
patient li earing. It cannot for ever remain true 
that a “ prophet is not without honour save in 
his ow r n country.” The history of progress, 
physical, moral, artistic, philosophic, is a history 
of the ultimate triumph of individuality. “ Uni- 
versal history,” as Carlyle called it, might indeed 
be written as a controversial treatise in favour of 
the worth of the individual. No crowd or com- 
mittee ever produced a great work of art, or 
generated a new energy, or conceived a new truth 
— but individuals ever and always. For the 
moment wo may afford to ignore the questions of 
the conditions which produce the individual. It is 
a profoundly important question, but our imme- 
diate business is to recognise that, when somehow 
he is produced, he is of supreme worth to society. 
We in this c ountry are already prepared, by long 
familiarity with two names, for the recognition 
of the two great complementary forces which act 
in any society. These are the forces of conserv a- 
tism and liberalism. Certainly, most socio- 
logists are unable to discover any recognition of 
first principles by the political parties which 
to-day take to themselves these great names ; 
here, then, we speak not of actual party polities, 
but of the fundamental sociological truths which 
our two great, political parties would lepresent 
in a wiser world. 

The Great Parties in the State. The 

conditions of organic evolution, as dis- 
tinguished from its factors, arc two —heredity 
and variation. We have already insisted at 
length upon the fact that w ithout variation there 
could be no progress in the organic kingdom, just 
as without its expression, individuality, there 
could be no progress in the kingdom of man. It 
is now our business to emphasise more clearly 
than has yet been done the value of the comple- 
ment ary fact of heredity. Heredity is the 
principle of conservatism or conservation. Its 
highest business and duty is to hold fast to that 
which is good . The reader will remember the 
earlier part of this famous phrase — “ Prove all 
things.” What is it in the case of individual 
organisms that proves all things ? Plainly it is 
none other than the principle of natural 
selection. Again, if there were no variation. 
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there would be nothing to “ prove,” nothing 
to “select.” The more one contemplates this 
great saying of St. Augustine’s, and the more that, 
in the light of the idea of the social organism, we 
compare social forces with those that act amongst 
individual organisms, the more impressed must 
we become with the beauty of the analogy. It 
is worth expressing in a more graphic form : 

Natural Selection — “ Prove all things.” 

Variation — Individuality - Liberalism. 

Heredity — “ Hold fast the good ” -- Conser- 
vatism. 

Holding Fast to the Good. When 
we contemplate the worth of variation, indi- 
viduality, originality, creation , we are apt, 
perhaps, to appraise the contrary principle at 
less than its true worth. Long ago — if we may 
allude to mere party polities for a moment — the 
Conservatives were called the “ stupid party ” ; 
and when we contemplate heredity and variation 
in the realm of life, we see the force of the taunt. 
There is something stupid about heredity ; it 
has no imagination or initiative ; it merely 
holds fad. But let us for a moment consider 
what would happen if there were no heredity, 
or if, in the organic kingdom, that force were 
much weaker than it is. As before, countless 
variations or novelties would appear in successive 
generations of animals and plants. The dis- 
advantageous variations would be weeded out by 
natural selection, while individuals with advan- 
tageous variations would flourish. But of what 
avail would this be for the race if the children 
of such individuals did not tend to inherit their 
parents’ advantages ? Even as it is, such 
children tend to “ revert to type,” the same 
being true in human life, as Mr. Gal ton has 
expressed in his law of “ regression towards 
mediocrity.” The whole possibility of organic 
progress has depended on the incompleteness of 
this rcveision to type, on the fact that immediate 
heredity is strong enough to allow advantageous 
variations to be perpetuated, in some degree at 
any rate, in the? descendants of those who tirst 
displayed them. Thus life has been enabled to 
hold fast to that which is good ; otherwise the 
good would die with the individual and there 
would be no progress. 

What Would Happen Without Con- 
servatism. And in human society the principle 
of conservatism is equally valuable, “ stupid ” 
though we may call it. Without it, what would 
happen? Obviously, we should be without any 
security for the permanence of the valuable. All 
sorts of novelties or variations would continue to 
spring up in all directions. We must never 
forget that though all progress depends upon the 
emergence of new characters or new ideas, yet 
not all new characters and new ideas are valu- 
able ; the great majority of them, unfortunately, 
are much worse than worthless. They are 
reversions or “ throw-backs ” to more primitive 
ages. A congenital idiot is a variation ; the 
birth of such an idea as Nietzsche’s, that morality 
18 a delusion, is also a variation, and a pestilent 
one. It is the old brutality cropping up again. 
Hence, without the conservative tendencies 


displayed in vary i ng degree by all of us, each 
successive generation would be in danger of 
letting go the good and suffering from the evil 
until natural selection destroyed it. Take, for 
instance, the institution of marriage. At the 
present t ime this is assailed by a host of prophets 
of a new social order, their new ideas being, in 
reality, mere “ throw-backs ” or reversions to 
the icieas of remote ages, happily long forgotten. 
If society had not its conservative forces (so 
exactly corresponding to the? force of heredity in 
individual organisms), marriage would doubtless 
be abandoned — for a time. It will be maintained, 
however, by those conservative forces, which 
hold fast to that which is good. 

The Better Will Prove Itself. The 

reader will retort, of course, that in any 
given ease people will differ as to the goodness 
or badness ; but, just as natural selection or the 
survival of the Attest, acting as umpire, upon 
the age-long duel between heredity and 
variation, has always proved itself able to 
prove all things, so the same is true in human 
society. Both sides must have a bearing, and 
the ultimate issue will be good. This great 
principle tempts the writer to discuss it in his 
own words ; but tins would not be fair to the 
reader, for it is fortunately possible to invoke 
the literature of the past on its behalf. In 
modern literature there is no expression of this 
principle to approach the second chapter of 
Garlyle's “ Past and Present.” There an* five 
pages of this from which it is difficult to choose ; 
but here, perhaps, is the paragraph which best 
expresses our principle, which, l>e it remembered, 
is nothing less than the mighty principle of 
toleration. Carlyle has been discussing Noble 
( ‘onservatism and Ignoble Conservatism. Little 
could he guess— writing in 1843— that a quiet 
student called Darwin, of whom lie had never 
hoard, was at that moment tilling his notebook 
with facts proving that Carlyles words 
were based upon the so' id ground of nature.’' 
To our mind this is a fine example of the faith 
which anticipates knowledge. 

The Eternal Struggle Between Right 
and Wrong. “ For it is the right and noble 
alone (says Carlyle in “ Past and Present ,; ) that 
will have victory in this struggle ; the rest is 
wholly an obstruction, a postponement, and 
fearful imperilment of the victory. Towards an 
eternal centre of right and nobleness, and of that 
only, is all this confusion tending. We already 
know whither it is all tending ; what will have 
victory, what will have none ! The heaviest will 
reach the centre. The heaviest, sinking through 
complex, fluctuating media and vortices, has its 
deflexions, its obstruct ions — nay, at times its 
resiliences, its reboundings ; whereupon some 
blockhead shall be heard jubilating, 4 See, your 
heaviest ascends ! ’ But at all moments it is 
moving eentreward, fast as is convenient for it ; 
sinking, sinking ; and, by laws older than the 
world, old as the Maker’s first plan of the world, 
it has to arrive there. . . . Fight on, thou 

brave, true heart, and falter not, through dark 
fortune and through bright. The cause thou 
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tightest for, as far as it bo true, no farther, yet 
precisely so far, is very sure of victory. The false- 
hood alone of it will be conquered, will be abol- 
ished, as it ought to be ; but the truth of it is 
part of Nature s own laws, co-operates with the 
world’s eternal tendencies, and cannot l>c con- 
quered. . . Seek through this universe, if 

with other than owl's eyes, thou wilt find nothing 
nourished there, nothing kept in life, but what 
has right to nourishment and life. The rest, look 
at it with other than owl's eyes, is not living : 
is all dying, all as good as dead ! Justice was 
ordained from the foundations of the world, and 
will last with the world, and longer.’ ' 

The First Preacher of Toleration. 

The extraordinary parallelism l>etween this 
chapter and the principles of Spencer and Darwin 
is worth pointing out, if only as a contribution 
to the history of thought. \Yc of this generation 
may learn from it, too, for Darlyle despised tin* 
evolutionists, and called Spencer “ the most 
immeasurable ass in Christendom. '* Many of 
them, also, would have liked to suppress Carlyle, 
hut, thanks to the principle of toleration and 
individuality, both expressions of the truth were 
permitted to he heard— and tee benefit propor- 
tionately. It is a great lesson. 

If now we turn to the fifth chapter of the Acts of 
the Apostles wo find what Sir teslir Stephen con- 
sidered to he the first expression on record of 
the principle of toleration — this great principle, 
the worth of which, by her recognition both of 
heredity and variation. Nature teaches us, and 
yet which in the twentieth century we are only 
slowly beginning to learn. When the crowd, w ith 
its “ignoble conservatism," “took counsel to 
slay the Apostles," Oamaliel stood up in the 
council and said: “Refrain from these men, 
and let them alone, for if this counsel or this 
work be of men, it will come to nought : but if 
it lx* of (»od, ye cannot overthrow it, lest haply 
ye he found even to fight against Cod." 

Truth is Able to Look after Itself. 

Here, then, is the great lesson for the partisan. 
We must hear all sides, strong in the faith that 
truth is great and will prevail. We may be 
absolutely convinced that we are right" and 
that our opponents are immeasurably wrong ; 
but let them have their say. Truth will prevail, 
and never more certainly "than by the mutual 
slaughter of opposite extremes. 

Let us iust consider the two methods by which 
we may seek to establish what we believe. The 
one method is. in its extremo form, to assert our 
telief, to compel everyone to avow it, and to 
destroy every statement of any other opinion. 
'Phis is the legal method, and it bus lieen 
adopted in all ages. It was on this principle 
that the Church burnt Bruno and silenced 
Calileo ; it was on this principle that the 
Athenians poisoned Socrates. This is the 
“ ignoble conservatism,” which not only 
disbelieves in variation or liberalism, but 
disbelieves that there are any laws of Nature 
which will ensure that evil cannot prevail. If 
you have no such faith, evidently it is your duty. 


whenever you can, to burn, poison, imprison, 
gag, vilify, or otherwise silence all who disagree 
with you. Truth is not safe, you believe, unless 
these methods be adopted. Nature is not on her 
side, and Truth’s only chance is that no one be 
ever allowed to say anything that is false. Half 
the evils of human history— religious persecution, 
wars of religion, judicial murders of the great and 
good and divine, have been based upon this 
principle — that the only chance for the survival of 
the truth consists in -the employment of brute foire. 

Nature is on the Side of Truth. The 

other method by which wo may seek to establish 
the truth is by the principle of freedom of speech. 
The idea underlying it is the essentially noble and 
religious idea that Nature is on the side of truth. 
It is the idea of the survival- value of truth. In a 
society which believes in this principle there will 
be room both for Conservative and Literal news- 
papers : and the Liberals, for instance, will not 
think that all would be well if only the Conserva- 
tive Press could be suppressed. In such a society 
the men of science will not seek to silence the 
dreamers and the prophets, nor the dreamers 
and prophets to silence the men of science, 
Wlmt need to fear the false if the false has 
but to show its face to be ground into the 
dust ? Nor dare we forget that if history 
tenches us anything, it is that brute force 
employed on tehalf of what was believed to he 
true has only too often been prostituted to the 
service of the false — with vengeance sure. 

Freedom of speech, then, freedom of thought, 
and “the liberty of prophesying” -these are the 
natural and warrantable means, in strict accord- 
ance* with Nature's own methods, by which pro- 
gress may bo attained. It is very difficult indeed 
t o 1 i vc up to these principles, tet us suppose that 
you are a conscientious and humane physiologist ; 
would you not te very much tempted, if you had 
the power, simply to suppress all anti-vivi- 
seetionists ? And yet you would be wrong. 
The right way in which to combat false* ideas is by 
true ideas, and not by brute force. 

The Battle of Ideas. But the great 
principle of selection and survival has under- 
gone a transmutation in ouv own times and a 
t ransfiguration from the physical to the psychical. 
We live not by our muscles so much nowadays 
as by ideas, and that society is healthy and 
prosperous where the battle of ideas is most 
strenuously and fairly and openly fought ; 
where the only argument is argument and not 
brute force ; where everything that can make 
itself articulate is heard, and where, therefore, 
if it be false, it is the soonest forgotten. Just as 
heredity and variation stood for the comple- 
mentary forces of j>rogress on the plane of the 
physical, so conservatism and liberalism, in 
society, in politics, in science and religion and 
art, arc the complementary forces of progress 
on the plane of the spiritual. 

The struggle now is not between thewand thew 
but between thought and thought. If >ve desire to 
ascertain the best conditions of that struggle we 
must turn again to the supreme adjudicator Natu re* 


Continued 
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The Wheatstone Automatic System. 

It was stated on page 4385 that three instruments 
— namely, tho perforator, the transmitter, and the 
-receiver are necessary for this system. For con- 
venience, however, double-current sounder system 
apparatus is added to each end of the line, to 
enable the telegraphists to communicate corrections 
and acknowledgments. A rheostat and condenser 
are also necessary if speeds above 300 words per 
minute aro required. 

The Perforator. Tho mechanism of this 
instrument [8] is arranged so that the keys operate 
five punches, which are arranged as follows : 

(1) o 

(2) o o (4) 

(3) o o (5) 

Depressing the. left key (dot) actuates 1, 2, 3; de- 
pressing the right key punches 1, 2, 4, and 5; and 
depressing the centre key actuates 2 only. Thus we 
] ainch letter A, followed by » space as in 9 [ page 4380 J. 

Tho centre row of perforations forms the rack 
by means of which the paper is propelled through 
the transmitter. The upper and lower perforations 
control the current-sending mechanism. 

The machine is adjusted to punch 120 spaces in 
exactly twelve inches. Tho gauge is tested by 
punching tho word “ telegraph ” three times, with 
tho usual double space between each. From tho 
beginning of the first “ t ” to the end of the last “ h ” 
there are 121 spaces, and the distance, centre to 
centre, between the first and 121st should be pre- 
cisely one foot. 

Pneumatic Perforators. At. certain 
offices, such as the London News Division, it. is 
necessary to prepare simultaneously several slips. 
For this purpose the assistance of pneumatic power 
is invoked. Figure 65 shows such an arrangement. 
The operation of the three white keys controls 
the air supply to two sets of plungers, which 



take the place of the operator’s mallets. As plenty 
°f power is available, double or treble rolled slips 
may be used, and it is possible to arrange for as 
many as eight slips at one operation. A higher speed 
is made possible, as the keys are so light as to render 
the use of mallets unnecessary. 

The Transmitter. The transmitter is shown 
on tho right in 66 . Under the control of the 
perforated paper it perforins the work of ft double- 


current key, producing signals of unvarying excel- 
lence, and at a speed ten to twenty times that of its 
human rival. The controlling mechanism is shown 
in 63. DU is tho compound reversing lever, the 
front portion, U, being insulated from flic rear por- 
tion, D. They are connected to the lines ns shown, 
and it will be seen that the contacts arc placed so 
that when the top of tho lever is deflected to the 
left a positive current goes to the “ up ” line, 
and a negative to the “ down.” 

When the transmitter is running free of slip, its 


clockwork rotates the wheel W, and also causes the. 
lever, PP\ to rock on its centre. Now when 1* presses 
down A, If and K arc moved to the left. Simulta- 
neously P' rises, and down u»t o. c 
under the influence of 
spring SI, A' rises, 
and H'K' press the 
lever over to the other 
side. The jockey 
wheel J facilitates this 
movement in each 

direction, after 

tho centre posi- 
tion has boon 
passed. 

Tn later 
forms a 
m a g - 
n e t ic 
b i a s 
h a. s 

been introduced instead of the jockey w heel. Tt will 
be seen that when running free of paper a series of 
alternating currents aro sent feline, w’hich produce 
dot*, or, as they are called, re remit- y, on the 



CONNECTIONS OF WHEATSTONE 
DUPLEX SET 


distant receiver. 


Now we must consider what takes place when 
the slip is inserted. An important point to note 
is that the rod S is not parallel with, hut, as shown, 
in front of, the rod M. Imagine that we insert the 
slip { 9, page 4380]. It reaches M first, and prevents it, 
from rising; S rises and at the next oscillation 
of PI V it also is held down, and the points of both 
slide' along, waiting for o hole, in the paper. Mean- 
time. in consequence of the fact that S rose la.it, 
a spacing current is b°ing sent to line. At length 
M passes up through the first upper hole of the letter 
0, and is immediately withdrawn again ; this, 
however, causes a marking current to be sent, 
which continues until S passes up through the 
first bottom hole in the pap-r, and causes a spacing 
effect. Immediately afterwards M passes through 
tho upper bole of the dot, and is withdrawn. This 
begins a marking signal for the dot, which is 
immediately terminated by the rod S passing through 
the bottom hole, and so on, signal by signal. At the 
end of tho word the rod S is the last to come into 
action, and so the spacing current persists until 
the paper runs out, when the reversals begin again. 
Six hundred words per minute is the maximum 
speed, and it is interesting to note that at this 
sj>eed a dot signal persists for part, of a 
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second. Such high speed is, however, seldom 
called for, and 200 words per minute is general. 

As indicated in the connection diagram [64], the 
starting lever of the transmitter, visible on the left, 
also actuates a switch which diverts the battery and 
lino connections from the key to the transmitter. 

The clockwork is impelled by a heavy weight, 
which is wound up by a handle which projects from 
the front. The running 
speed is regulated by the 
lever at the top, behind the 
case. It can be clumped in 
any desired position. Tho 
curved pins in front of the 
transmitter are used to retain 
the ends of used slips for a 
short time in case a retrans- 
mission is required. 

The Receiver. The 
receiver, visible on the left in 
66, is a combination of the 
principles already described in 
the P. O. S. Relay, and the 
Jnkwriter. By means of clock- 
work a thin blue paper slip is 
drawn over a roller, and the 
same mechunism rotates an 
inking wheel in a direction 
opposite to that of the paper. 

An electromagnet, built on 
the same lines as a P. O. S. Relay, and connected 
directly in the lino circuit, controls the wheel. The 
marking dise does not, as in tho inkwritor, rotate 
in the inkwell, it takes its supply from the upper 
edge ot a larger wheel, tho lower part of which 
rotates in tho ink. What corresponds to the 
tongue of tho relay directly controls the axle of 
the marking disc, and so reproduces signals. In 
addition, however, a local contact is provided at 
the bottoin of the electromagnet, to which the 
sounder is connected. 

The clockwork of tho receiver in 66 is impelled 
by a spring. The speed regulator is in tho same 
position as on the transmitter. The adjustment 
of the electromagnet armature is made by means 
of the milled nut which projects above the ease. 

Two slip drawers can he seen in the base. Each 
of these contains a rotary slip carrier. Two boxes 
arc provided to prevent 
the possibility of a de- 
spatch being lost owing 
to the slip running out. 

To this end also each roll 
of slip lias near its inner 
end a few convolutions of 
red slip. As soon as this 
appears, opportunity is 
taken to slip in the* 
beginning of a roll from 
the second box. 

W h e a t s t o-n e 
Duplex. The Wheat- 
stone system can be 
fluplexed, and 67 shows a 
sot arranged for working 
in both directions. The 
speed attainable in each 
direction is about two-thirds of that possible 
under Bimplex conditions. The receiver shown in 
this set is provided with a weight motor train. 
The boll fixed on the right side gives indication 
wlion the weight requires rewinding. 

A connection diagram is given in 64. To facili- 
tate balancing for duplex working, a two-way switch 
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is provided so that the battery power may bo cut 
off the line and an equivalent resistance substituted. 

Keyboard Perforators. Attempts are now 
being made by inventors to reduce still further the 
labour and to lessen the time consumed in proparing 
the perforated slips. Figure 68 depicts tho Kotyra 
system, which is at present (1007) undergoing 
experimental trial at St. Martin’s lo Grand. 

On the right there is n 
three-tier pneumatic perfora- 
tor which can prepare simul- 
taneously twelve slips. Its 
plungers are controlled from 
the Kotyra keyboard. The 
little electric motor on the 
left rotates a cylinder. This 
is provided on its surface with 
teeth, which the tindcr-surfaee 
of any key engages on de- 
pression. The key is drawn 
backwards away from the 
operator and makes a suit- 
able series of contacts, closing 
the circuits of three electro- 
magnets, which, in turn, 
control the pneumatic per- 
forators. Having performed 
its duty, the key is released 
by a trigger action, and 
returned to its place by 
means of a special spring. The operator must wait 
for this release before depressing another key. 

Jt has been proposed to apply the Kotyra key- 
board direct to the line, so that, instead of forming 
t lie Morse signals by hand, the operator would 
press the Kotyra keys, and the feasibility of this 
method has actually been demonstrated, the 
services of an operator who, owing to an attack of 
telegraphists’ cramp, was unable to send in the 
ordinary way being thus utilised. It will be 
noticed that tho system resembles closely that 
which was invented by Professor Morse, and which 
preceded the invention of the Sounder System. 

Yet man Transmitting Typewriter. 
Another competitor in the same field is the Yetman. 
Two forms are shown in 69 ; that on the right is 
used for sending in the way suggested for the 
Kotyra. The instrument on tho left combines, in 
addition to the electrical 
sending portion, the func- 
tions of a typewriter, so 
that it produces a record 
of the letters sent. 

Creed Perforator. 

A more ambitious arrange- 
ment is that shown in 70 
and known as the Creed 
Keyboard Perforator. The 
mechanism of an ordinary 
typewriter has been modi- 
fied so that on depressing 
a key it makes tho appro- 
priate selection from a set 
of twenty punches, and 
produces the perforated 
letter at one stroke. A 
speed of sixty words per 
Ininute can bo maintained. As in the eases already 
mentioned, pneumatic power at a pressure of 10 lb. 
per square inch is used, and four slips can be pro- 
duced simultaneously. 

Typ8 Printing Telegraphs* It is probable 
that no department of telegraphy has been- the 
subject of more patent specifications than this one. 



65. PNEUMATIC PERFORATOR 



66. AUTOMATIC WHEATSTONE SET 
For high-speed working with spring-type receiver 
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although the Buccessful systems 
are few indeed. Five interesting 
systems have been chosen for 
illustration. 

The Steljes Type 
Printing Telegraph. This 
is a system based on the Wheat* 
stone A B C, the ABC indi- 
cator being displaced by a 
Steljes recorder, which prints 
the signals sent by a Wheat- 
stone communicator in Roman 
letters on a paper tape [71]. 

The received alternating cur- 
rents pass through two electro- 
magnets joined in scries — one 
is polarised, the other non- $ 7 . 

polarised. The armature of the 
polarised relay oscillates, and in doing so allows an 
escapement wheel to turn forward — one tooth for 
each letter current. On the same axle is the letter 
wheel, which can be scon just above the paper, ami 
has above it an inking- wheel brush. The same series 
of currents in passing through the non- polarised 
relay attract and hold its armature until the 
currents cease. The armature then drops and allows 
a printing-lever to jerk the paper up against (ho 
letter wheel, the required letter being thus printed, 
and simultaneously the paper is urged forward 
in readiness for (ho next operation. The instru 
ments at both ends record simul 
taneously, and no attendant is required 
at the receiving end. By an 
ingenious arrangement three 
revolutions of the com- 
municator needle secure 
that the recorder shall start 
from zero. Had the inven- 
tion of this instrument pre- 
ceded the telephone it 

would have had an enor- 
mous sale. Tt still finds a 
large field for its use — 
superimposed on telephone 
lines — in confirming mes-' 
sages transmitted orally. 

The Hughes Print* 68. kotvr.a kuyi 
ing Instrument. This 

has so far been the most successful system. 
Some thousands of instruments are in use on the 
Continent and on the cahles between this country 
and the Continent. Figure 72 shows a set in use 
hot ween London and Rome. The -'ending is done by 
ineans of a keyboard resembling that of a piano. At 

the receiv- 
ing end th <,! 





YETMAN TRANSMITTING TYPEWRITER 


67. DUPLEX AUTOMATIC WHEATSTONE SET 


the instrument printed in Roman characters on a 
tape, which the operator breaks off into suitable 
lengths and pastes on a form, in which state it goo? out 
for delivery. When a message is sent, both receivers 
are actuated so that mistakes are at once visible 
to the sender. 

By means of a most admirable mechanism it is 
arranged that the sending contact-makers and 
the receiving printing wheels at both stations shall 
revolve continuously and 
synchronously, so that at 
any given instant nil four 
are opposite the same 
letter. If, then, a key is 
depressed at either end 
a contact, is made, and 
simultaneously the letter 
is printed at both stations 
; The synchronism is tegii- 
lated by a vibrating spring. 
Only one. current is sent for 
each signal. It has the 
effect of releasing an arma- 
ture from an electromagnet, 
and this immediately sets 
in motion a train of meeh- 
anism which prints the 
letter, moves the paper 
KOTVR.A KEYBOARD PERFORATOR forwor.l, and replaces the 

armature in readiness for 
another signal. Synchronism is maintained by 
means of a correcting cam, which is forced between 
the teeth of a star- wheel fitted on the printing axle, 
and adjusts it each time a letter is printed. 

Tt. is instructive to contrast the Steljes system 
with the Hughes system. In the former a Hue- 
cession of currents urges forward the printing 
wheel and maintains the necessary synchronism, 
while their cessation produces the printing effect. 
In flic Hughes the synchronism is arranged for 
mechanically. A no-currevt time 
interval takes the place of the suc- 
cession of currents just referred to, 
and its termination is marked by the 
single current. 

The Hughes type-wheel is vnt 
stopped, or even retarded during the 
printing process. In both systems it 
will bo noted that only a limited 
number of letters per revolution can 
be manipulated — the average number 
is two — and that this determines the 
speed. In the case of the Hughe::, 
however, the rate of rotation is high, 
and the average speed of working is 
R about forty words per minute. 
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The Hughes instrument can be worked on a duplex 
system. The differential method is employed in the 
same way as has already been described in the ease 
of the single. current sounder. Figure 75 illustrates a 
duplex set which is worked 
between London and Berlin. 

Of course, one of the instru- 
ments is used continuously 
for . sending and the other for 
receiving. Between the two 
Hughes sots can ho seen the 
single - current key and 
switches which enable Morse 
signals to be used during the 
balancing process. 

The Baudot System, 

)*i the Baudot system [73] 
signals are received in 
Homan characters on a 
printed tape exactly as in 
t lie Hughes system, hut the 
means by which this is ach ieved are entirely different. 
M. Emile Baudot originated a system in which the 
alphabet is arranged so that every letter requires 
the same number of signal 
units, and the aggregate 
number of signals is the 
smallest possible. The sig- 
nals are permutat ions of live 
space and current units, and 
to produce them the opera- 
tor is provided with a send- 
ing instrument having live 
keys, similar in appearance 
to those of the pneumatic 
perforator. Corresponding 
with the live sending keys 
there arc in the receiving 
instrument five electro- 
magnets, which repeat the 
signals given by the keys, 
and by means of a very 
beautiful mechanism actu- 
ate the printing wheel so 
as to produce the required Homan characters. 

It would seem that this arrangement would neces- 
sitate five wires between the two stations, hut this is 
obviated by having at each end a rotary 
distributor arranged so that at any 
given instant No. 1 key is eoi mooted to 
No. I electromagnet, and so on. Tf 
the reader imagines that there are 
two clocks— one at each station- ami 
that the lino connects together the two 
minute hands, then, if 
the clocks keep accurate 
time, and we .suppose 
that No. I key is con- 
nected to 12 o’clock at 
one end and No. 1 
electromagnet to 12 
o’clock at the other end, 

$ is clear that if we 
arrange for electrical 
contact between the 
figure and the pointer 
the instruments will be 
in connection once 
every hour. This prin- 
ciple of rotary synchro- 
nism is used in the 
Baudot ' ystemw but instead of one revolution per 
hour wt nave 180 revolutions per minute, and instead 
of arranging for one instrument with five keys, it is 
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found possible to arrange for four instruments each 
having five keys, so that four operators are required 
at each end, and they can work independently as if 
they had separate circuits. There is;- however, 
one- limitation. The rotary 
distributor connects a given 
instrument through to the 
corresponding receiving set . 
three times per second, and 
the signals between those 
sets must be sent during the 
connected interval or they 
will bo lost. The operators 
are, therefore, trained to 
send exactly three signals 
per second, and to enable 
them to make their signals 
at the correct instant 
** watch receiver” telephones 
/ire provided which give a 
click each time that the 
distributor connects up the instrument to the line. It 
is found that in course of time operators become so 
accustomed to this “ cadence,” as it is called, that 
they can work with perfect 
accuracy even without the 
aid of the telephone signal. 

The illustration f73J gives 
a view of one of the three 
sets which work between 
London and Paris. On the 
left can be scon the rotary 
distributor, and, beginning 
from the centre, the four 
telephones on projecting 
brackets are visible, and 
beside them the sending 
keys and receiving instru- 
ments. The heavy weights 
visible beneath the table 
are provided with electric 
motors which come into 
circuit automatically and 
wind up when required. 
Baudot Superimposed on Telephone 
Trunk. A still more interesting fact in connection 
with two of the London-Paris Baudot sets is that 
each of them is superimposed on 
a London-Paris telephone trunk 
circuit. A telephone circuit re- 
quires two wires, and the tele- 
phone currents pass around the 
metallic loop. By a method 
which will be described in the 
telephone section, the 
two wires in parallel 
are utilised to carry the 
Baudot signals in such 
n way that there is no 
interference. When we 
consider that two small 
wires can in this way he 
used simultaneously for 
one telephonic conver- 
sation and four tele- 
graph messages, we 
realise that if elec- 
tricians have still ] to 
acknowledge their 
ignorance of the nature 
of electricity, they 
have at least made substantial progress in the 
knowledge of how to control and use this mysterious 
and wonderful force. 



70. CREED KEYBOARD PERFORATOR 



71. STRIDES TYPE PRINTING SET 



72. HUGHES PRINTER, SIMPLEX SET 



73. BAUDOT FOUR* WAY SET 

The Murray Type -printing Tele- 
graph. One of the latest developments in typo 
printing by telegraph is the Murray system, which 
for the last three years has been on experimental 
trial by the Post Office Department, in regular 
service, between London and Edinburgh and 
London and Dublin. The Murray may bo said 
to bear the same relation to the Baudot as the 
\V h e a t ■ 
stone set 
does to a 
S o unde r 
s y s t e m . 

Theliaudot 
alphabet is 
used, but, 
as in the 
ease of the 
W h e a t- 
stone three 
separate 
opera t ions 
are neees- 
s a r y , 
though 

these nro 74. MURRAY CREED TYPE PRINTER . 

largely 

made automat ie. The messages arc first produced 
on a punched slip by means of a keyboard perfora- 
tor. The slip is then passed through a transmitter, 
Rome what similar in principal to the Wheatstone. 
The receiving instrument, however, also produces a 
perforated tape similar to that which has been used 
at the sending end. The perforated tajie is then 
passed through the instrument known as the. 



74. MURRAY- CREED TYPE PRINTER AND CREED RECEIVING PERFORATOR 


“Muiray Printer,” and this inslru- 
men t reverses I he process of the key- 
board typewriter, and types tho 
message. It stops automatically at 
the end of each line, and the only 
office required from the operator is 
that of returning thepa|»er carriage 
in readiness for the beginning of tho 
next line. It is wonderful to waleh 
one of these instruments typing as if 
with the aid of an invisible operator 
at the marvellous rate of 120 words per minute. 

Mr. Murray has also conceived the idea of apply- 
ing his instrument to operate a Linotype keyboard, 
so that it is quite conceivable that on some future 
date one of our great Iiondon dailies may have its 
type set up by an operator sitting, say, in Paris. 

The Murray Creed System. Tho two 
instruments shown in 74 are : on the right the- 
(Vot'd receiving perforator, and on the left the 
Murrny-CVced type printer. These instruments 

produce 
results 
similar to 
those de- 
scribed in 
the casq.of 
tho Murray, \ 
but the 
alphabet 
used is tho 
same as in 
the ordin- 
ary Wheat- 
stone sys- 
tem. It 

iD CREED REOEIVINU PERFORATOR ther °* 

fore pos- 
sible to substitute the Murray-Oreed receiving per- 
forator for the Wheatstone receiver on any ordinary 
Wheatstone circuit. The tape which issues from the 
instrument is the ordinary Wheatstone perforated 
tape, and it can he used either in tho Murray-Creed 
receiving type printer, or in the ordinary Wheat- 
stone transmitter for retransmission on other lines. 

Continued 
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THE NORTHERN KINGDOMS 

Tho Union of Cal mar, in 1397, brought 
Denmark, Sweden, and Norway into one state 
under Eric XIII., each kingdom retaining its 
own laws and customs, and its own legislative 
assembly. Sweden soon withdrew from the 
Union and became an independent state, and, 
despite the actual terms of tho Union, Denmark 
endeavoured to exercise something like despotic 
authority over her partners. 

Sweden's Deliverer. Christian II., sove- 
reign of the three kingdoms, was a tyrant who 
would not endure opposition to his will ; when he 
found much resistance in Sweden he ordered a 
massacre of some of tho leading men in Stock- 
holm, and thus roused the country against him. 
Gustavus Vasa, who belonged to the high nobility 
of Sweden, was one of those who led the move- 
ment against Denmark some time before. He 
was then treacherously seized and carried off to 
Denmark as a hostage. He escaped in disguise 
after a year, and returned to his country, where 
lie tried, but without much success, to arouse the 
Swedes into an organised rising against the 
Danish power. He had to retire to Dalcaria, and 
led for some time a life of romantic wandering, 
working unrecognised, sometimes as a farm 
labourer and sometimes as a miner, with a great 
price on his head. At last, in 1520, the “ Blood 
Bath ” of Stockholm aroused the Swedes to 
passionate resistance, and then Gustavus Vasa 
came to tho front, was welcomed by the people, 
and soon created and commanded an army large 
enough to make an effectual fight. It ended 
three years later in the capture of Stockholm, 
and the expulsion of the Danes from Sweden. 
Gustavus was raised to the throne as Gustavus I. 
in 1524, and in the following year the Union of 
Calrnar was torn to pieces. 

Development of the Country. Gustavus 
reigned for forty years, and his rule made 
Sweden once again a free and prosperous 
country, with a large array, a prosperous 
exchequer, and a thriving population. He estab- 
lished schools and colleges, and promoted edu- 
cation ; opened up roads, bridges and canals 
throughout the country ; made commercial 
treaties with other countries and did much to 
promote trade. He was devoted to the Lut heran 
faith, and did his best, like many other European 
princes, to suppress the Catholics. He died on 
September 29th, 1560, and was succeeded by his 
eldest son Eric XIV., whose rule was in every 
sense unfortunate, for he was practically a 
madman, and involved his country in costly and 
useless wars. After eight years he was deposed 
by his brother, John III., who was inclined to 
favour tho Jesuits, like his son, Sigismund, who 


succeeded him in 1592. The Protestant party 
therefore deposed Sigismund in 1600, and made 
his uncle, Charles IX., king. Gustavus Adolphus, 
grandson of Gustavus Vasa, succeeded in 1611, as 
Gustavus IT., who brought Sweden back to 
strength and prosperity such as she had not 
enjoyed since the days of his grandfather. 

He came to the throne when he was seventeen 
owing to the disputed succession of his father. He 
secured the support, of the nobles by confirming 
their privileges, reorganised the government, 
and created a large army ; made war with Den- 
mark and recovered the Baltic Provinces. 
He also made war on Russia, and this war was 
ended by the Treaty of Stolbova in 1617. By 
this treaty Sweden obtained Jngermanland, 
Karalia and part, of Lavonia, while Russia re- 
covered Novgorod, in 1618, Gustavus visited 
Germany, and two years later married the 
daughter of the Elector of Brandenburg. His 
dispute with Poland was ended in 1629 by a 
six years’ trace. 

Gustavus and Wallenstein. Gustavus 
was, like his grandfather, a Lutheran, and he 
raised an army to support the Protestants of 
Germany. These struggles brought into great 
prominence the celebrated Wallenstein, a great 
soldier of indomitable ambition. He made 
himself an object of dread to the Princes of 
the German Empire, who prevailed, on the 
Emperor to dismiss him from the command 
of the army. The successes of Gustavus 
Adolphus, however, compelled the Emperor 
to restore Wallenstein on his own terms. Wallen- 
stein raised a large army and obtained a 
success over Gustavus at the battle of Lutzen, 
in 1632 ,* the result was for a long time uncertain, 
but in the end the army of Wallenstein was com- 
pletely defeated by the Swedes. The battle 
was fatal to Gustavus. During the battle he 
received three wounds and fell from his horse 
to the ground. A soldier of the enemy asked 
“ Who is there ? ” “I was the King of Sweden,” 
replied Adolphus, and the man shot him through 
the head. 

His daughter, Christina, succeeded him, but 
in 1645 she resigned the crown to her cousin, 
Charles X. This King defeated Sigismund of 
Poland in a terrible battle at Warsaw in 1656, 
which lasted for three days, and he also succeeded 
in expelling the Danes from the continent of 
Sweden. He died in 1660, and his son, Charles 
XI. — then only a child — came to the throne. 

Charles XI. was followed by the greatest 
King of Sweden since Gustavus Adolphus, 
Charles XII., often called “ Tho Madman of the 
North,” whoso strange career has given a sub- 
ject to many poets. 
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A Romantic Career, Charles XTI. was bom 
on June 27th, 1682. His succession was regarded 
by Russia, Poland, and Denmark as a favourable 
opportunity for an attack upon Sweden, but the 
young king, having some help from England, 
promptly compelled the Danes to make terms 
of peace, and afterwards defeated the Russian 
army at the famous battle of Nava, on November 
30th, 1700. He dethroned King Augustus Tl. of 
Poland and compelled him to sign humiliating 
terms of peace in 1706. In the following year 
he led an army into Russia, and for a time drove 
the Russians before him ; but he suddenly 
changed his plans, relying too much on the 
promises and counsels of the Cossack leader, 
Mazeppa, who has been made famous in poetry 
and the drama. Charles’s military strongth 
became much wasted, and when, after a winter 
of terrible privations for his troops, he laid siege 
to Pultowa, in Russia, he was completely de- 
feated. He afterwards engaged in many other 
wars, won victories, suffered defeats, had thrilling 
escapes from capture and other dangers, and 
finally came to terms. with Ihe Tsar by ceding 
to him Sweden’s Baltic Provinces. With the aid 
of the Tsar he proposed to conquer Norway, and 
then to make an expedition into Scotland and, 
with the help of the Jacobite party there, and of 
Cardinal Alberoni on the Continent , to replace the 
Stuart family on the throne. But all these ven- 
turesome plans were brought to an end, for 
Charles was killed while laying siege to Fred- 
rikshall on December 1 1th, 1718. 

SPAIN 

From the time of the defeat of the Spanish 
Armada in 1588 the greatness of Spain gradually 
declined. Philip II. had been an absolute ruler, 
and had introduced the custom of raising money 
without the consent of the Cortes, which, indeed, 
was seldom summoned. The power of Spain by 
land and sea, her wealth, her industries, and even 
her population, decreased, and after the death 
of Philip II., in 1598, the history of Spain is 
chiefly told in the history of other countries. 
His son, Philip HI., was much under the influence 
of favourites ; he was succeeded in 1021 by 
Philip IV., who, though a man of some talents, 
had no capacity as a ruler. The story of the 
Thirty Years War and of tho War of the Spanish 
Succession has already been told. Portugal and 
her colonies, which had become part of the 
Spanish dominions in 1580, were lost to Spain in 
1 040, after a brief struggle. Charles II. ( 1 605 — 
1 700) had no children ; with his death ended the 
Austrian dynasty, and Spain was now regarded 
by the great Powers of Europe as their prey. 

Charles II. nominated as his successor the 
grandson of Louis XIV., and then came the War 
of the Spanish Succession. Philip V., who was 
proclaimed King at Madrid in 1700, was tho first 
of the Bourbon Sovereigns. Ho introduced the 
Salic Law, which was the cause of much trouble 
later on. In P724 he resigned his crown to his 
son, but on his death a few months later Philip 
again ruled — at least nominally, the country 
being really governed by his second wife, 


Queen Isabel, and Alberoni, her Minister. After 
Philip V. came Ferdinand VI., and then Charles 
III., the best of all the Bourbon Kings. He made 
many reforms in tho government of the country, 
and under his rule Spain was more prosperous 
than she had been for many years. In 1788, 
Charles III. died, and was succeeded by his son, 
Charles IV., during whose reign occurred the 
French Revolution, which for a time changed 
the face of European politics. 

PORTUGAL 

We have already traced the history of Portugal 
from its earliest days to the discovery of the 
Brazils by Cabral in 1500. Cabral was bom 
about 1460, and on March 9th, 1500, he was in 
command of a fleet bound for the Mast Indies. 

Discovery of Brazil. To avoid being 
delayed by a calm off the African coast, he took 
a course too much to the west for the purposes 
of his voyage, came in for the full influence of 
the Atlantic’s South American current, and was 
carried, whether he would or not, to the then 
unknown coast of Brazil. Thus, like ColumbuB, 
he discovered an entirely new region by acci- 
dent. He was equal to the occasion, however, 
and, landing on the shore of Brazil, claimed 
the whole country as part of the dominions of 
the King of Portugal, and effected an easy 
conquest. He established tho first commercial 
treaty between Portugal and India. 

In 1524 was born Portugal's greatest poet. 
Camoens, author of “ The Lusiads.” Camoens 
lmd l)eoii intended for the Church, but he 
declined to take Orders, and occupied himself 
with the composition of poems. He got into 
trouble with the authorities at Lisbon, and was 
banished from the city for a year. After an 
absence of sixteen years, he returned to Por- 
tugal, and in 1572 published “ The Lusiads,*’ 
which won a brilliant success. 

In 1580, Portugal was seized by Philip II. of 
Spain, while the Dutch shortly after captured 
the Portuguese settlements in Lidia. The 
Portuguese were, however, well capable of resist- 
ing invasion, and in 1640 put an end to the 
Spanish occupation, and made John, Duke of 
Braganza, the Sovereign of the kingdom. The 
war lasted for a considerable time, and was 
brought to an end by the Treaty of Lisbon in 1668. 

The Methuen Treaty. An important 
event in the history of Portugal was the 
concluding of the Methuen Treaty between 
(Jreat Britain and Portugal, on December 27th, 
1 703, by Paul Methuen, the British Ambassador 
at Lisbon. It favoured tho importation of port 
wine into the British territories by lowering the 
duty, thus discouraging the importation of French 
wines. The Treaty was abolished in 1834. 

The more recent, history of Portugal is brought 
into close association with that of England and 
of France, becauso of the struggles between 
France and Portugal in which England frequently 
gave her armed assistance to the Portuguese. 
Portugal has ever since remained an independent, 
kingdom, and has been, in spite of troublous 
questions of succession, a prosperous countiy. 
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By Dr. J. BRUHN 


HTHK ships of to-day arc classified into steam 
* and sailing vessels according to their method 
of propulsion. There is a third typo called the 
auxiliary ship, which is really a sailing vessel with 
a small steam-engine that can be used in case of 
calm. It is, however, very rarely met with now, it 
having l)cen found that the purely steam or 
purely sail- propelled ship was in most circumstances 
the one that answered best. It was seen in the 
preceding article that the steamers now predominate 
to such an extent that it is only a question of a 
few yoars before sailing vessels will have practically 
ceased to exist. .Even now the value of the world’s 
sailing tonnage is only about one-tenth that of the 
steam tonnage. The steamers are further divided into 
single-screw, twin-serew, and paddle vessels, accord- 
ing to their method of propulsion. The turbine 
steamer is the latest addition to this category, but 
this description indicates only the type of the engines 
adopted. All these classes are again divided into 
three, according to the building material being 
wood, iron, or steel. There is also a mixed con- 
struction called comjMsitc where the framing is of 
steel or iron with wood planking, but it is very 
rarely adopted except in the 
ease of yachts. The practical 
disappearance of wood and 
iron as shipbuilding material 
was also described in the 
preceding article. For prac- 
tical purposes only steel 
ships are now built. 

Steamers are further de- 
scribed according to their 
purpose as cargo, passenger, 
mail, coal - carrying, ore- 
carrying, oil-in-bulk steamers, etc., hut these 
categories are more or less vague, and usually merge 
into one another, so that it may not be possible to 
apply any one description alone to any individual 
vessel. In the general outward appearance the 
masts and funnels of a steamer form most prominent 
objects. They do not, however, couvey much 
more information about the character of the vessel 
than the flagpoles and chimneys do with regard to 
a house. The very largest and most important 
steamer may have only one or two pole masts for 
signalling purposes, and a comparatively small 
cargo vessel may ha ve half a dozen masts to suit the 
arrangement for loading and discharging cargo. 
On the other hand, the number of funnels is merely 
4b indication of certain arrangements of boilers, and 
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is no definite criterion to the power developed by 
the engines. 

Sailing Ships, In the case of sailing ships 
the outward prominently apparent features — 
namely, their rig or general arrangement of 
masts and sails — afford practically the only means 
of classification. In other respects all sailing 
vessels are alike, being constructed merely to carry 
a load of any kind of cargo from one port to 
another. 

A knowledge of the various types of sailing ships 
is still essential to a naval architect, and a short 
description of them is therefore given here. To 
appreciate the differences between the various rigs 
it is necessary to know the broad principles of the 
disposition of sails. The masts of a ship are the 
nearly vertical spars that carry the sails. They are 
extended down through the decks to a firm founda- 
tion at the bottom of the vessel, and they are sup- 
ported by strong wire ropes from their top to the 
sides of the deck or to the adjoining masts. At the 
fore end of all sailing ships a nearly horizontal 
spar is fitted, called the bowsprit. It serves the 
purpose of giving greater spread to the sails, 
which could otherwise 
bo extended only over 
the length of the ship 
proper. Like the masts, 
it is supported by 
stays of wire rope, in 
this case to the stem 
of the ship and to the 
foremast. On the masts 
arc hung spars to which 
the sails are made fast 
directly. There are 
three kinds of such spars — namely, yards, booms, 
and gaffs. The yard is, in its normal position, 
horizontal across the mast, and its sail hangs 
straight down in a plane at right angles to a fore- 
and-aft wind. It is, however, movabfe, so that the 
sail can be adjusted to suit the direction of the w'ind. 
The boom is, in its normal position, horizontal, and 
in a fore and-aft. direction with regard to the ship. 
It is always on the after side of a mast and at 
the bottom of a sail which is, in its middle position, 
alright, angles to a beam or side wind. The gaff 
is very similar to a boom, but is at the upper 
edge of a sail having a boom at the bottom one, 
and it is usually raised from the horizontal to an 
extent of 4.1 deg. or 
more. Both booms 
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WITH TWO MASTS 
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and gaffs are movable, so that the sail they expand Above the topgallant yard is the royal yard, 
can be adjusted to the direction of the wind. if there is a yard above the royal one it is o; 
Such sails are called trysail .% ... - 


to distinguish them from the 


and 
called 

the sky sera per yard. The 




square sails oryardsails. In addition to these classes 
of sails thore is a third kind — namely, staysails , which 
are not extended directly by means of spars, but are 
fastened to tho steel fore-and-aft stays supporting 
the masts and the bowsprit. They are always 
triangular in shape, and have their normal position 
in a fore-and-aft direction, like the trysails. 

Name of Masts. Where two masts are fitted, 
the first one from the fore end is called the foremast 
(except where the second one is a subordinate one, in 
which ease the first one is called the mainmast); the 



second fill! size mast is the main mast*. Where there 
is a third mast it is called the mizzen-mast , and if 
there is n fourth one it is designated the jigg:r- 
masf , if without yards, or after -mizzen-mast if 
with yards. The spars on the individual masts 
are called by the name of the mast. Thus, there 
is the fore yard, the main gaff, and the mizzen 
boom. There are only one boom and one gaff on 
a mast, but there may bo several yards. The 
bottom one is always the lower yard. The next 



f 

0,10 is the topsail yard, or if this sail is fitted in two 
parts, the lower-topsail yard. Above tho topsail 
yard comes the topgallant yard, or if the top- 
gallant sail is in two parts, the lower topgallant yard. 


to a certain extent on the size of the ship. From 
the point of view of simplicity it- would be desirable 
to have as few masts as possible ; but for the 
larger ships this would involve the use of indivi- 
dually unhandy sails, hence the introduction of one 
or more additional masts. 

Types of Rigs. Tho cutter rig [11] is the one 
adopted in the smallest trading vessels, say from 50 
to 80 ft. in length, and in yachts of moderate size. It 
has only one mast, the mainsail being extended by 
means of a gaff and a boom. Tho yawl rig is aim ilar to 
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that of a cutter with a very small mast lilted abaft tho 
mainmast as shown by 12. ft is applied to vessels 
about 00 to 90 ft. in length. The ketch rig [13] 
is practically a yawl with the after mast of slightly 
larger dimensions. It is adapted for vessels 
ranging from 70 to 100 ft. in length. The 
schooner rig is the one found in the greatest number 
of varieties. It is the rig adopted for tho smallest 
seagoing sailing merchant vessels, and it is the 
rig used for practically all steamers whatever their 
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size, if they do carry sails at all. This typo of rig 
is divided into fore-and-aft schooners and ordinary 
schooners. The former variety has no yard sails, 
whereas the latter has. In the fore-and-aft rig 
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the sails are 
identical in 
adopted for 
to 380 ft. 


of the trysail tyne, and are usually 
arrangement- on all the masts. It is 
all sizes of ships from 80 ft. in length 
In the smaller vessels two masts are 
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yard, the upper topgallant yard, and the royal 
yard. There have been a few four-masted full- 
rigged ships ; and there is one five-masted, 400 ft. 
in length. 
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fitted as shown by 14, 
many as seven [15]. 


and jn the larger ones as 
This rig is particularly 
favoured in America, The ordinary Hchooner rig 
is shown by 16, and will bo seen to consist* of a 
foremast with yard topsail and topgallant sail, 
but a trysail instead of the lower yard sail, and a 
mainmast with trysail anti topsail only. This is 
the usual arrangement, but sometimes there are 
yard top and topgallant sails on the mainmast also. 
As in the case of fore-and-aft rigged schooners, more 
than two masts may be fitted when the foremast 
only is usually fitted with yards. The lengths of 
ships with this type of rig may be said to range from 
90 ft. upwards. The brigantine rig ( 17] is practically 
the ordinary schooner rig, except that a lower yard 
sail is fitted to the foremast instead of a tty sail. On 
the sketch arc 1 also shown double yard topsails and 
a topgallant and royal sail, but this is not charac- 
teristic of this type and could also have been adopted 
in the schooner rig. The brigantine rig is used 
in vessels of 100 to 130 ft. in length. It is applic- 
able only to ships with two masts, and 
rarely adopted now. The brig is 
another rare type of sailing ship. 

This rig is also applicable only to 
vessels with two masts, and 1 10 to 
140 ft. in length. Fig. 18 shows that 
it is practically the brigantine rig 
with yards fitted on the mainmast, 
so that its sail arrangement becomes 
similar to that of the foremast. The 
barque nline rig is sometimes adopted 
lor three-masted vessels of about 
130 to 170 ft. in length. Figure 19 
shows that it- is similar to that of 
the brigantine with a mizzen-masl 
added. The barque is by far the 
most popular rig for modern sailing 
vessels, and is applied to ships 
from 150 ft. in length and upwards. 

This type of rig requires at least 
three masts, and is similar to the 
barquentine, except that yard sails 
are fitted on the mainmast as well 
as on the foremast. Figure 20 shows 
the three-masted type of this rig as 
it is applied to tho "real majority of steel ships of 
moderate size, say from 230 to 270 ft, in length, 
figure 21 represents the four- masted barque rig, 
which is used for nearly all larger sailing vessels, say 
from 260 to 310 ft. in length. There have been a few 
five-masted barques in cases of vessels of upwards of 
360 ft. in length. A full-rigged ship is shown in 
22 . This form of rig has been more adopted as 
a standard than as tho actual rig of shins. It must 
have at least three masts, and it will fee seen that 
it is similar to the barque rig with yards fitted to the 
mizzen-mast, so that all the masts carry this form 
of spar. The yards shown in the illustration are, 
from below — the lower yard, tho lower topsail 
yard, the upper topsail yard, the lower topgallant 
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General Arrangement of Ships. Al- 
though the sailing vessel is now rarely built, it may 
conveniently be dealt with first on account of its 
greater simplicity in general arrangement. Figures 
23 and 24 snow the outline profile and the midship 
section respectively of an ordinary largo modern 
four-masted barque, which may be taken as typical 
in general arrangement for all sailing ships, except 
in rpgard to the number of masts. The length of such 
vessels is from ten to twelve times their depth, 
and the breadth is from 1*6 to 1*8 times the depth. 
They consist practically of one huge receptacle 
for cargo. A few feet from the fore end a water- 
tight bulkhead is fitted for safety in ease of collision. 
But from this point to the after end, or stern, there is 
but one large hold, as shown by the elevation sect ion 
or profile [23]. In the vertical direction the 
hold is sometimes divided by a lower deck 7 to 
8 ft. below the upper deck, though more often 
only a tier of beams is fitted at this place. The 
construction of steel sailing ships is as simple in 
their general arrangement. These 
vessels consist of a steel shell 
ranging from in. in thickness 
in the smallest sizes to § in. in 
the largest ones. This compara- 
tively thin plating is stiffened 
in the bottom by deep ribs 
called floors, as shown by 24. 
They consist of plates j to h in. 
in thickness and from 6 to 30 in. 
in depth in the smallest and largest 
vessels respectively. The side 
plating is stiffened by frame girders 
[2H which form the continuation 
of the floors. They range in depth 
from 3 to 6 in., and may be formed 
of various rolled steel sections. 

Details of Construction. 
At tho top of the vessel the frames 
on the two sides are joined by the 
beams of the upper deck, which 
may or may not be fitted with 
steel plating, but are nearly always 
covered with wood planking from 
3 to 4 in. in thickness. The beams 
themselves may be of various sections of rolled steel 
girders. If a lower deck is fitted, as is the case in 
all large sailing ships, it is similar to the up|>er 
deck. Both tiers of beams are supported at the 
middle of tho ship by solid round iron pillars 
stepping on the centre keelson, which is a large 
giracr formed of plates and angles on the top of 
tho floor plates, as shown by 24. If the vessel is 
very broad, there may be additional rows of deck 
sup ports called quarter pillars fitted between the 
middle and the side of the ship. The bottom of the 
vessel is usually fitted with a bar keel, ranging 
in size from 5 by 1J in. to 12 by 34 in., and 
terminating aft in the stern-post and forward in 
the stem, both of which are of about the same size 
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as the keel. To distribute the effect of concentrated 
loads, girders are fitted on the top of the floors, 
where they are called side and bilge keelson * , 
and on the inside of the frames, where they are 
called hold or side stringers. On the top of the 
upper decks of sailing ships a forecastle is usually 
fitted. It is an erection at the fore end of the ship 
about 7 ft. in height. A poop, which is a similar 
erection at the after end, is also usual. In addition, 
there may be deck houses for the accommodation of 
the crew near the midships part of the vessel. 

In a few instances a bridge has been fitted, which 
is a midship structure similar to those formed at. 
the ends by the poop and fore- 
castle. Poops, bridges, and fore- UPPER DECK 

castles extend always to the side 
of the ships, so that their side 
plating is the continuation of 
the outside plating proper. 

They are sometimes used fur 
cargo, but more often for living 
accommodation. 

Arrangement of 
Steamers. The general 
arrangement of steamers is some- 
what more complicated and more 
variable than that of sailing 
vessels. Steamships are, as a 
rule, relatively longer than those 
propelled by sail, the length 
being usually equal to eleven to 
thirteen times the depth. The 
breadth is from 1*4 to 2*0 times 
the depth. A bulkhead is always 
fitted near the fore end as in 
the ease of sailing ships. The 25. SECTION 
remainder of the ship is not, 
however, available entirely for 
cargo, but must also provide space for the 
propelling machinery and for the coal. It is 
usual to place the engines and boilers near the 
midship part of the vessel, as shown by 26, but 
sometimes the}' are placed at the after end, par- 
ticularly in small steamers, which may thereby 
obtain one large hold for the reception of cargo. 
Wherever the machinery space is, it is separated 
by means of steel water-tight bulkheads from the 
remainder of the vessel. If the machinery is amid- 
ships it is necessary in screw steamers to provide 
ft tunnel through which the propeller shaft passes 
to the after end of the vessel, where the screw is 
fitted immediately forward of the rudder. Water- 
tight bulkheads are a source of safety to any ship, 
as they tend to minimise the effect of a leak by 
confining the space to which the water gets access. 

A steamer would be as safe as a sailing ship with 
the same number of bulkheads, hut as the former is 
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the more valuable, she is always subdivided to a 
greater extent than the latter. Figure 26 shows a 
steamer with seven watertight bulkheads, which is 
the usual for vessels over 350 ft. in length. Shorter 
steamers have fewer, and larger ones may have more 
watertight divisions than in this instance. The 
bottom of a steamer may be constructed, as in the 
case of the sailing ship shown in 24, of a single 
thickness of plating. If the vessel is at all of a 
fair size, it, is now almost invariably constructed 
with ail inner bottom, ns shown by 25. This is 
another reason why a steamer is usually safer than 
a sailing vessel. The latter may, however, and 
sometimes does, possess this 
sou rce of sa fe t y. From 26 it will 
be seen that the space provided 
in a steamer is divided up into 
several holds numbered from the 
fore end. These, again, may be 
divided by one or more decks. Tn 
26, 6nly an upper atul a lower 
deck are shown. As the engines 
and boilers do not occupy the 
cntiie space from side to side of 
the ship, it is usual to provide 
hunkers here for the coal to lie 
used on the voyage. If enough 
space is not available here, the 
cargo hold immediately in front 
of the boilers is encroached on 
for this purpose. 

Deck Erections. The 
character of the upper part of 
a steamer varies considerably. 
The top deck may be what is 
called flush-- that is, without any 
erections except casings covering 
the engine and boiler room open- 
ings, and smaller deck houses, such as chart and 
steering houses. The upjiermost deck may nlso 
have a poop and a forecastle above it, as in 
most sailing vessels, or one only of these erections 
may he fitted, but the most common arrangement 
is that a poop and a forecastle is fitted at the after 
and fore end of the vessel as shown by 26, and a 
bridge over the midships portion. The bridge is not 
merely a convenient place for the necessary cabin 
accommodation in a steamer, but it adds to the 
safety of the vessel by protecting the large machinery 
openings from the sea. It is very common for 
poops, bridges and forecastles to be extended 
so that there is only a short space between them, 
which is then called a well. Tn some instances the 
erections join and form a complete upper structure. 
The vessel is then called an awning or shelter-deck 
steamer, the upper det k being the awning or shelter 
deck. Above this deck there may possibly he 
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other erections. Most sailing ships, if they have to 
carry ballast, must use stone, sand or gravel. 
Steamers now always use water for this purpose, 
as, where the power is at hand it is much more easily 
let in and discharged by means of filling pipes and 
pumps. Where a double bottom is fitted, ft can bo 
used for the purpose of carrying water ballast. 
Where the amount thus provided for is insufficient, 
and where there is no double bottom, the necessary 
space is provided by a so-called deep tunic, which is 
simply a small hold set apart for this purpose, but 
which may be used for cargo or eoal when required. 
Figure 26 shows one such deep tank immediately in 
front of the boiler hold. Large steamers may have 
two deej) tanks. 

Construction of Steamers. In construc- 
tion, as in general arrangement, steamers differ 
more than sailing ships. The outside shell plating 
is similar in both types. On the whole there is no 
variation at all in the arrangement of this part of a 
ship’s structure. It consists of individual plates of 
smaller or larger sizes fitted in a fore-and-aft 
direction, and as steamers are built of very much 
larger dimensions than sailing vessels, its thickness 
ranges from ^ in. in the smallest to 1 in. in the 
largest shins. The single bottoms of steamers are 
constructed similarly to those of sailing ships shown 
by 24. If an inner bottom is fitted, the floor plates 
are deeper and thinner, and are lightened by large 
holes being cut in them as indicated by 25. The 
greater depth is required to allow of sufficient space 
between the two bottoms for every part of the 
structure to be accessible, and to produce sufficient 
capacity for water ballast. The inner bottom is 
fitted on the top of the floors, and consists of plating 
J in. to J in. thinner than the corresponding outside 
plating. At the side of the vessel where the inner 
bottom terminates, ordinary frame girders are 
fitted to stiffen the plating. At the top of the frames 
the beams of tho upper deck tie the two sides of 
the vessel together, as in sailing ships, but in the 
arrangement of the structure below this deck there 
is again considerable variety in steamers. There 
may be only one huge hold below the upper deck 
with very strong frame girders at the side, or 
there may bo a lower steel deck as shown in 25, 
which supports the sides to such an extent that the 
frame girders may be of smaller size. There might 
have been a third and even a fourth tier of beams 
with decks laid on them. Generally speaking, 
the number of the decks increases with the size 
of tho vessel, but this is to a largo extent a question 
of convenience. In passenger steamers decks are 
necessary to provide for cabin accommodation, but 
in cargo vessels a capacious hold may be required. 

Framing and Beams. Where the depth 
from the bottom to the lowest deck is large, and 
where, consequently, frame girders of considerable 
dimensions would bo required to support the sides 
properly, a special arrangement of framing is 
sometimes adopted, consisting of a few very deep 
plate frames, called mb frames, fitted at intervals. 
The ordinary frames can then be of much smaller 
dimensions, when they are supported by fore-and- 
aft girders or stringers from web frame to web 
frame. The beams or docks are supported by 
means of pillars from the bottom of the vessel. 
There is at least one row of these supports, but 
there may be two or three. In cargo holds it is 
usually desirable to do with as few of these obstruc- 


tions ns is possible, and they are consequently 
often fitted at a considerable distance apart in the 
fore-and-aft direction, and have a girder fitted at 
their heads for the support of the intermediate 
beams. 

Machinery. The engines and boilers used on 
board ship differ but little in general principle from 
those on land. But even in a moderately large 
steamer the power required to drive her through 
the water at a reasonable speed is in excess of what 
is sufficient for land purposes except in very special 
instances. In the smallest of steamers the indicated 
horse power amounts to some hundreds, in a 
moderately large one it may be some thousands, 
and in a very large one it may be tens of thousands. 
As the weight of the engines, boilers and eoal has 
to be carried by the ship at the expense of a similar 
amount of cargo, it follows that it is doubly desir- 
able that marine engines and boilers should be of 
the lightest construction consistent with absolute 
safety, and should be of the most economical 
design as regards coal consumption. A ship engine 
must also be able to be governed more completely 
and quickly than a land engine, owing to tho con- 
tinual changes it may often be necessary to make 
in the speed of a ship. The type of boiler now 
almost universally adopted in steamers is that known 
as the Scotch tubular marine boiler, w here the flames 
from the fire are carried through tubes surrounded 
by water. In a few instances the so-called water- 
tube boilers have been adopted in merchant ships. 
In these the water is in the tubes with the flames 
playing round them. This type of boiler is much 
lighter than the ordinary one, but it has not been 
found so reliable all round. 

The engines used in a steamer are almost invari- 
ably of the inverted direct-acting surface-condensing 
description. They may be compound, triple or 
quadruple expansion in their action. Those 
belonging to the last category are the most econo- 
mical as regards coal consumption, the steam being 
used four times before it is condensed. As the 
power required becomes larger, the number of boilers 
is increased in preference to increasing their size. 
Two is the ordinary number, but in large and fast 
steamers there may be more than a dozen double- 
ended boilers. When the engines would be incon- 
veniently large, two propellers are adopted. This 
may also be done where tho size of a single 
propeller would be too large for the draft of the 
vessel. 

Practical Training. In this and tho 
previous article a rough outline has been given 
of what a modem ship is like, and of the way in 
which it arrived at its present state of evolution. 
Such imparted information must, however, always 
be a poor substitute for that which is gained by 
the intending shipbuilder during a practical 
apprenticeship, when he can become thoroughly 
familiar with all the details of ships as they are. 
In the following articles the actual building of 
ships will be dealt with. In the first instance it 
will be assumed that it has been mutually agreed 
between the shipowner and the shipbuilder what 
the prospective vessel is to be like. In other words, 
the ship has been designed. Drawings showing 
the general arrangement, a model showing the 
form, and a specification setting forth the other 
details having been decided upon, it remains for tho 
shipbuilder only to produce tne desired structure. 
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I. 


IT is a common matter of everyday experience 
* that most foods, es|)eeially those of animal 
origin, are subject to decomposition if kept, beyond 
a certain period. Before we can proj>erly appreciate 
the value of the different methods of preserving 
foods it is absolutely necessary for us to form a 
clear conception of the cause's which bring about 
decomposition and putrefaction. 

Why Food will not Keep. Foods arc 
mixtures of complex organic substances, 
and when they go bad these chemical sub- 
stances undergo chemical 
changes with the formation of 
other substances characterised 
by their unpleasant taste and 
smell, or by poisonous proper- 
ties. These ehemical changes 
are brought about by minute 
organisms ( micro-organisms), 
which arc? invisible to the naked 
eye. [See Bacteriology]. All 
decomposing substances, when 
examined under the microscope, 
are seen to be swarming with 
innumerable organisms of vary- 
ing shajK? and form. They are 
so universal that it is no easy matter to prepare 
liquids free from them and keep them in this state. 
Water taken from any pond, well or stream, even 
fresh rain water, teems with life when examined in 
this way. Like all living th ings, these micro-organ isms 
bring about the ehemical transformation of matter 
by “ feeding on,” or absorbing, substances in one 
form and excreting them in another, or else produc- 
ing ferments which bring about 
these changes. It often hup* 

}>ens that substances produced 
by one organism become tlic 
food of another, so that a whole 
series of chemical changes are 
brought about. This happens 
when any animal foodstuff' 
undergoes putrefaction. The 
danger of consuming such foot! 
lies in the small quantities of 
poisonous products (ptomaines) 
they may contain. In the early 
stages of decomposition food is cor»pf>*igR 
often covered with furry 
growths, commonly known as 
moulds. These are well charac- 
terised forms of plant life. They 
are of considerable importance 
as they prepare the way for the 
development of other more 
minute organisms and bacteria. 

If only we could exclude these organisms, it might 
be possible to preserve oven the most jierishable 
of foods indefinitely. 

How Bacteria are Kept in Check. 

Having shown that food will not keep because of the 
action of micro-organisms, it will now lie our business 
to inquire into the conditions under which they 
live, in order that we may learn how to control them. 
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The spores, or seeds, are extremely minute, are 
always found floating in the air, and are continually 
settling like dust on every object. Wherever 
they find favourable conditions and suitable sur- 
roundings they quickly obtain a foothold, and breed 
and multiply. These conditions may be classed 
under four heads: (1) Supply of suitable food: 
(2) presence of moisture; (3) suitable conditions 
of temjw'rature ; (4) absence of substances which 
either kill them or prevent them developing. 
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and animal matter, including 
foods for human consumption, 
all provide suitable food for 
micro-organisms, but it is 
essential for their development 
that moisture should be present, 
hence the primitive method of 
preserving food by drying, and 
therefore excluding moisture. 
Thoroughly dried foodst uffs will 
keep an immense time. The 
organisms may be there, blit 
have not achance of developing. 

Cold Storage. Food 
may bo preserved by taking 
advantage of the fact that 
bacteria will only develop within a certain range 
of temperature. Thus below about 50° F. their 
activity is almost entirely arrested; above 170° F. 
bac teria are destroyed. We shall coniine our atten- 
tion, to start with, to those methods of preservut ion 
dependent upon low temperatures, and generally 
known as refrigeration, or cold storage. The food, 
whether meat, fish, vegetables, or fruit, is kept at 
a low teiujierature until required 
for consumption. This is per- 
haps the best method of pre- 
serving food as it adds nothing 
to and takes nothing from the 
article, so that no change is 
brought about, and the food 
remains as nutritious and diges- 
*iblo as before treatment. The 
,ul vantages of cold storage will 
become apparent when we see 
some of tne disadvantages at- 
tached to the other methods of 
preserving food. By the aid of 
cold storage hundreds of thou- 
sands of tons of different food- 
stuffs are imported annually 
into this country without the 
use of any chemical preservative. 
When the ship arrives here the 
foodstuffs are taken out of the 
refrigerating chambers, and 
placed in cold stores until required. Wo shall now 
describe the machinery and plant used in this 
connection. 

Refrigerating Machines. The rooms in 
which foodstuffs arc stored are generally kept cool 
by a system of overhead pipes through which cooled 
brine circulates. Brine is chosen, as it can be re- 
duced to a low temperature without freezing. In 
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passes on through a regulating valve to ^ : - r - 
thc* evaporator, where it rapidly eva \ >orates, 
the liquid being converted again into 
vapour ; in doing this it absorbs _ 

heat from the brine surrounding ^ 

Th^ ga^. as it leaves tlie evaf»ora- 

The Chief Gases | 

Employed. Opinions 

dioxide (carbonic anliy- : 

dride), ammonia, and 

sulphur dioxide gases. 4. MARINE TYPE OF CARI 

Carbon dioxide gas is REFRIGERATING 

cheap, costing only a few 

pence per pound. On the other hand, ammonia has 
the advantage that it is liquefied at a lower pressure. 
While carbon dioxide requires, in temperate climates, 
a pressure of 850 lb. per square inch for liquefaction, 
ammonia may be worked at a moderate pressure 
of about 120 lb. to the square inch. On the other 
hand, all compressor parts of the carbonic acid plant 
aA> much smaller. Ammonia is an alkaline gas, 
and in the nrescnco of air will dissolve copper and 
other metals, so that in ammonia machines all 
copper, or copper nlloy, must be avoided in any parts 
which come in contact with the ammonia. ThiH is a 
great drawback to the use of ammonia machines 
where only sea-water is available for cooling, as the 
iron pipes, which alone can be used, are quickly cor- 
roded by sea- water. If it should escape, the smell is 
objectionable, though scarcely unpleasant, and in case 
of a serious escape i* would prove dangerous. Sulphur 


f ry cool this brine dioxide is, perhaps, the least suituble of all three. It 

a ting machines is not difficult to liquefy, but is more corrosive, 

piired, of which especially as it is liable to be converted, by oxidation, 

ire several ty|*\s, to sulphuric acid in the presence of air and moisture, 

hough those now In connection with cold storage we shall describe 
ly employed are machines worked with carbon dioxide gas, blit will 

al in principle, treat of a machine using ammonia gas when dealing 

instruction varies with the cooling of pasteurised milk, 
srably. The prinei- Cold Storage Chambers. Figure 2 show's, 
pie involved i n section, the construction of a carbonic anhydride 

is as follows : refrigerating machine. Fig. 3 is an illustration of this 

By means machine, which, of course, can be used not only for 

of a corn pres- cooling brine for cold storage chambers, but also for 

sor, certain making ice, cooling water, or all purposes combined. 

\ easily lique- It will be seen, as illustrated in 1, that, the com- 
bed gases, pressor forces the gas into the coils of the condenser, 

such ns ear- which are contained in an annular vessel surrounding 

bon dioxide, the evaporator, a space fitted with an insulating 

ammonia, or material being left between the two. The crank shaft 

sulphur di - not. only works the compressor, but also a small pump, 

• ‘ oxide, arc which drives the cooled brine from the inner vessel, 

condensed to and onuses it to circulate through the pipes in the 

3. LAND TYPE OF CARBONIC AN1IY- a liquid in cold storage rooms. These brine tubes are made in 

DRIDE REFRIGERATING MACHINE ft condenser. long lengths, sometimes 200 ft,, electrically welded. 

The conden- and are known as grids [6]. Tn large installations, 

ser is shown diugrammnticallv in 1. It consists of ^ u ‘ ! ,r ' ne £»’kls are divided into 

along coil of tubing surrounded by water, which jj I sections, each section having a 

absorbs the heat given out by the gas as it liquefies, ITT , /Jj! separate return pipe back 

the warm water passing away, and being constantly FT;/ jKpTsjr *° the machine, w r here 

replaced by fresh, cold wa^^lic v^ijv^s fc^ 

. out, and condenses on the grids. 

The quantity of cooled brine con- 
4. MARINE TYPE OF CARBONIC ANHYDRIDE tained in the system of grids is 
REFRIGERATING MACHINE very considerable, hind this acts as 

a reservoir of ‘‘cold,” so that in 
oilier hand, ammonia has many eases it is unnecessary to run the refrigerating 
1 u ef led at a lower pressure. machine continually, but only for a few hours daily, 
ires, in temperate climates, In some cases, especially when storing butter above 
liiare inch for liquefaction, 32° F, and all kinds of fruit, a circulation of cold air 
l at a moderate pressure is preferable for cooling the chambers, in which case 

piare inch. On the other a, number of grids are placed together in convenient 

of the carbonic acid plant proximity to the refrigerating machine, and air 

ionia is an alkaline gas, is draw'n wmmmmammm 

will dissolve copper and through them | Sf** 19 ***^^^ 

i ammonia machines all by menus of a ^ *•', * v lr/i • 

ist be avoided in any parts jKnverful fan, >T * ^ *■ jl 

:i the ammonia. This is a and con- * v * 

;e of ammonia machines ducted by ^ ^ ^ '■ ■* H 

railablo for cooling, as the menns of air ' * -/., x -Jfc ■ 

i be used, are quickly cor- ducts to the V ■ 

should escape, the smell is cold rooms. S I 

ely unpleasant, and in case In some 

prove dangerous. Sulphur meat-freezing 5. BRINE WALL 




. rj 




FOOD 8UPPLV 


works it is Hie practice to ; n stall brine walls, which 
consist of largo, flat, very shallow boxes [5J made 
of steel plates placed parallel to each other 
at convenient distances, through which the cool 
brine is circulated. In the passages between these 
walls the meat to be frozen or chilled is hung, 
as illustrated in 7 . The brine grids are seen 
licnenth the ceiling, and the brine walls between the 
rows of carcases. In the rooms overhead, fitted with 
brine grids, the frozen meat is stored. The brine 
system is also largely used for 
bacon curing. The sides of 
bacon are hung up in rooms 
chilled by brine pipes, ami 
generally with cold air circula- 
tion to 40° F., which tempera- 
ture minimises the tendency 
to putrefaction, while, on tin* 
other hand, it is the lowest, 
temperature at which the meat will ‘"take” the 
salt perfectly. Fruit can also be very advantageously 
stored in cool chambers, either for carriage over 
long distances, or to keep back a glut until a time 
at which it will fetch a considerably enhanced price. 

Refrigeration in Factories. Another 
instance in which refrigeration may usefully be 
applied is in cooling chocolate, in order to hasten 
and facilitate the removal of the tablets from the 
moulds. This is a very dittieu It operation in summer 
under ordinary conditions, when the chocolate tends 
to adhere to the moulds, making it necessary some- 
times to rcmclt and cast again. 

Browing is a delicate operation depending on the 
growth of yeast, which is much influenced by 
temperature. A refrigerating machine is therefore 
of great importance in a brewery, where it is used 
to cool a large quantity of water for refrigerating 
the ” wort ” 
and* maintain- 
ing the correct 
temperature in 
the “ tuns.*’ 

Moreover, the 
tinished beer 
should be bot- 
tled at a low 
temperature. 

Multifarious 
as arc the uses 
of eold storage 
on land, it is, 
if possible, of 
greater impor- 
tance in the 
shipping of 
frozen meat 
fro m o u r 
Colonics. For 
such purposes 
large marine- 
type machines 
are employed, 
as shown in 4 , while for preserving passengers’ 
provisions the machines illustrated in 8 are used. 
The principle in all these machines is similar to 
that already described. Figure 9 shows a typical 
installation for the carriage of frozen meat on 
board a White Star vessel, on the system of 
Messrs. J. & E. Hall, Ltd., to whom we are indebted 
for illustrations 1 - 9 . 

Preservation of Milk. We now come 

to another important application of the principle 
of refrigeration — -the treatment of milk. There are 
very few substances which are commonly used for 


human consumption so susceptible to the action of 
bacteria as milk and cream. The rapid decay of 
these substances, which is commonly and popularly 
called “ souring,” is caused by the presence of 
micro-organisms. It is well known that “ souring ” 
goes on much more quickly in warm weather than 
in cooler weather, and it. is likewise known that milk 
can be kept from turning for certain periods by 
being put “ on ice,” or in an ice safe. It is, of course, 
simply a case of arrested growth of bacteria ; the 
organisms themselves are not 
destroyed by this action. 

Pasteurisation. The 
process of pasteurisation, 
which may appear to bo rather 
mysterious to persons nor 
familiar with it, is a compara- 
tively simple operation. In 
reality, it is a process of heal ing 
the milk or cream to a temperature that will destroy 
the disease germs and chilling it at- once in order 
to prevent the spores from germinating and setting 
up another generation of micro-organisms. The 
rapidity with which these spores develop is astonish- 
ing, and the practical way of dealing with milk is to 
deal with it as quickly as possible after being taken 
from the cow, chill it down at once, and keep it at a 
low temperature. jSee Aouit cltcre, pages 403(1-7 
and 4209.1 

Public opinion, combined with legal necessity, 
fixes the standard which the practical dairyman 
must attain, and the demands upon the dairyman 
are constantly becoming more and more severs'. 

There arc, of course, difficulties connected with 
the process of pasteurisation, and they lie in the 
accomplishment of the desired result without in- 
juring the milk or changing its consistency, for which 

m n e h i n e r y 
p r o p or 1 y 
adapted to the 
purpose is 
essential. Pro- 
perly pasteur- 
ised milk has 
been recom- 
mended by 
t. h e b e s t 
physicians. 

The ordinary 

past (Mi riser 

which has 
hitherto been 
used is show n 
in 10 , and con- 
sists more or 
less broadly of 
a vertical cylin- 
drical vessel 
surrounded by 
a steam jacket. 
Within the 
vessel is placed 
n vertical spindle having a paddle or stirrer fixed 
to it-, driven by suitable gearing from any 
source of power. The steam is turned on to the 
jacket, the milk allowed to flow into the machine, 
and the paddle set in motion. It is Assumed 
that the whole of the milk becomes pasteurised 
in being rapidly stirred round and thrown 
against the steam -jacketed sides of the cylinder. 
Unfortunately, this assumption is not quite correct, 
as a portion of the milk docs not come into 
contact with the heated sides of the. cylinder, and 
passes away through the outlet without having 
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been raised to the requisite temperature to destroy 
the micro-organisms. 

On the other hand, much of the milk is heated to 
too high a point, and coagulation of the albumen 
results, impairing the digestibility of the milk. 
Although the outflow from the pasteuriser 
may give the correct temperature of about- 
105°, it will be evident that 
some of the milk lias been 
heated too mu eh, and somo 
insufficiently’ heated. 

It should be mentioned 
that another drawback con- 
nected with the vertical pas- 
teuriser with revolving spin- 
dle is that the step or joint 
upon or through which the 
spindle is situated forms a 
pocket whero a little liquid is 
likely to remain, providing an 
ideal habitat for bacteria. 

New form of Pas- 
teuriser. In the newer 
type of machine the milk 
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pass through a 
is not knocked 
about by a revolving paddle, 
but flows over a scries of revolving drums which 
are semi-submerged in milk troughs. 

In the case of the machine illustrated |11] the 
milk is allowed to flow slowly into the top trough, in 
which revolves a tinned copper corrugated drum, 
through which hot water passe* at the requisite 
temperature. As 
the drum re- 
volves, a film of 
milk adheres to 
it, and is carried 
over with it and 
heated to the 
right point. The 
outflow from the 
top trough is 
taken to a point 
where the heated 
milk naturally flows off, and none can go over 
excepting that- which has been brought over by the 


SECTION OF MARINE TYI*E OF 
REFRIGERATING MACHINE 



9. SECTION OF A SHIP, SHOWING REFRIGERATING CHAMBERS 


epting t 

revolving drum and properly heated. No milk can 
be overheated, and every particle of milk comes 
into contact with the drum without being churned or 
otherwise knocked about. In 
the second trough is a second 
revolving drum, through which 
ordinary water is constantly 
flowing. This water reduces the 
temperature of the milk to about 
f>0°, and the milk then flows out 
into the third trough. A circu- 
lation of cold brine at about 
35° passes through the third re- 
volving drum, and .educes the 
milk tp about 40°, at which 
point the milk flows out into a 
su liable receptacle. 

In many modem dairies a 
cold storage room at 38° to 40° 
is provided, and milk placed in 
it when it does not go out 
immediately for consumption. 

The revolving drums are made 
of hard rolled copper, tinned all over, and the milk 
troughs, which are round at the bottom, are made of 
the same material. There is, therefore, nothing that 
can contaminate the milk, and the revolving arums 
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are thoroughly cleaned after use by* being 
revolved while a brush is held against them, warm 
water being placed in each trough during the 
operation. This machine constitutes a pasteurising 
and chilling apparatus in one frame, but where the 
older types of pasteurisers 
are used the milk flows out 
from them over a flat cooler. 
These coolers reduce the milk 
to about 40° as it runs off 
into the large cans in which 
it is sent by rail. 

The Milh Refriger- 
ating Machine. The next 
important item to consider in 
connection with milk pas- 
teurisation and chilling plant 
is the refrigerating machine, 
which is necessary to produce 
brine at a low enough tem- 
perature to oh ill the milk to 
the requisite point. 

We have already described 
machines worked with carbon 
dioxide gas. The one we shall 
now describe uses ammonia 
gas 1 12]. Any escape of gas 
is prevented by doing away with the reciprocat- 
ing and compressor rod and stuffing-box, and by 
carrying the crank shaft horizontally through a 
self-sealing gland. The principle of refrigerating 
machines has already been explained. The gas 
enters at A through the pipe R, and thence into 

the piston C. 
I) is the suc- 
t i o li valve 
through which 
the gas passes as 
the piston de- 
scends; then, as 
.it a s c e n d s 
again, the gas 
is compressed 
a n d d r i v o n 
t li rough the 
passages F and up the discharge pipe F, into the 
condenser coils, HH, where it is cooled by the 
surrounding water and liquefied, collecting in a 
receiver. The liquid then flows to the expansion 
coils in the cooling apparatus, where it produces 
the desired refrigerating effect 
in the action of boiling off to 
gas again. The ammonia gas 
thus obtained is returned to the 
machine to be again liquefied, 
and the cycle is repeated. - 
The machine is actuated by 
the pulley P, attached to the 
crank shaft L, which revolves 
in an oil bath and also seals the 
packing joint M. * - 

In larger machines *the con- 
denser is placed apart .from the 
compressor,’ as plant wojild 
otherwise be too bulky and cum- 
bersome. It is built of two tubes, 
one placed inside* the! other ; 
through the inner one runs the 
water which cools the ammonia 
compressed ■ into . the , space 
between it and the outer tube. The construction 
of the coils is shown in 14, and 18 is a view of 
the coil. This form of construction is far superior 
to the old type, where the ammonia gas was 
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condensed in a Hat coil of pipes, thorns 
flowing downwards inside the pipe nnd 
the water trickling downwards over the 
outside. The water in this ease, being 
free to evaporate, brought about a 
certain lowering of temperature; on 
the other hand, the water getting warm 
in its descent ran over the bottom pipes 
when hottest, while the ammonia was 
endeavouring to liquefy inside these 
.same pipes, with consequent rc-cvapor- 
ation of some of the liquelied ammonia 
and loss of efficiency. 

The modern plant for dealing with 
milk mainly* consists, therefore, of an 
efficient pasteurising machine and a 
simple and efficient refrigerating 
machine, with the necessary steam for 
the heating drum and the power to 
drive the pulleys on the pasteurising 
and refrigerating machines. 

Removal of Dirt. Owing to 
the manner in which milk is produced. 
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and at present handled at the farms, it seems almost 
impossible to exclude dust and dirt. An apparatus 
which has been lately introduced is a strainer 
of exceedingly tine mesh having about 1,440 
holes to the square inch. Such a fine gauze 
would be immediately stopped up if it were 
stationary and the milk simply poured through it. 
The strainer surface is therefore made in the form 
of a hoop, and is rotated as the milk flow's through it. 
The rotating gauze hoop is constantly cleaned by 
a. revolving brush, and passes under the milk in an 
open and clean condition. It is an established proof 


heating 
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and fact that milk treated in the above-mentioned 
manner, properly cleaned, pasteurised and cooled, 
will keep about 18 hours longer under ordinary 
conditions than milk which has not been so treated, 
and it will keep in good condition for from seven 
to 10 days if placed in a cold room at 30° -40° F. 
The illustrations 10-14 have been supplied by 
Messrs. A. 0. Knock & Co., Ltd. 

Tinned, Potted, and Bottled Goods. 
The method adopted in sterilising milk may be 
applied to numerous other foodstuffs. The principle 
of the canning process is simply this: The food is 
heated to about 170° F., in order to destroy 
bacteria, and the vessel sealed while hot. On 
cooling, the contents remain sterilised and in such 
a state that they will keep indefinitely. This 
oper.it ion, termed proe-eMiny, is carried out in three 
stages. Firstly , the preparation of the foodstuff ; 
secondly, the sterilisation : and, thirdly, the sealing 
of the tins, bottles, or jars. Wo know no reason 
why food properly tire pa red in this manner should 
not be perfectly harmless and nutritious, although 
the heating somewhat alters the character of the 
lood. However, as it is the object of the packer 
merely to preserve and not to cook the food, the 
not prolonged more than necessary, 
twenty minutes to half an hour being 
generally sufficient. There are, how f - 
c\or, certain dangers common to canned 
u«*ods. In the first place, there is the 
danger of the acid juices, especially in 
the case of fruits, having some 
action on the tin or solder, but 
cases of poisoning from this 
cause are very rare, and most of 
those recorded were probably duo 
to quite another cause — namely, 
formation of ptomaines. At any 
rate, the danger can bo easily 
avoided, if there be any, by 
using earthenware or glass 
vessels instead of metal ones. 

Ptomaine Poisoning, 

The chief danger, however, arises 
from unsound tins, such as 
“pricked” tins — that is to say, 
tins inefficiently closed down, or 
which have been damaged so that 
the air has gained access to the 
contents. Tins are sometimes 
found “ blown.” This is owing 
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to incomplete sterilisation, bacterial action setting 
in after scaling, with the production of gaseous 
substances, causing a pressure inside the tin. There 
is always a partial vacuum in sound tins, so that 
when opened the air rushes in to them with a 
peculiar sound. If the tin has been imperfectly 
sealed, or if the sterilisation has not been com- 
plete, bacterial action is sure to set in, with the 
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result that the extremely poisonous bodies, pto- 
maines, arc produced. These are the causes of most 
cases of poisoning from eating tinned goods, 
especially tinned meat and fish, which arc particu- 
larly liable to undergo such putrefactive changes. 
Sometimes, in the preliminary treatment, the food- 
stuff is treated witli chemical preservatives in order 
to cover defective canning. This practice is to bo 
condemned unhesitatingly, for if the canning 1 h 3 
efficiently carried out there is no need for such pre- 
servatives. Chemical preservatives are, however, 
used \cry largely in food not destined to be canned, 
especially such as easily undergoes decom posit ion and 
putrefaction. We shall have to consider these 
chemical preservatives somewhat in detail. 

Preservatives in Common Use. < < mmon 
salt is about the oldest preservative we know of, 
but at the fcame time it is very ineffectual. In most, 


tions apply to butter, but we must bear in mind 
that it is not consumed to the same extent as milk 
by infants and invalids : and as to cream, the great 
difficulties in the way of preserving cream, even for 
a short while in the hot weather, makes the use of a 
preservative pardonable. There is, however, no need 
for the use of any preservative in the case of meat 
or fish, which should be kept fresh by cold storage 
or other means. 

Preservatives to be Avoided. Passing 
now to form* line, another preservative, w r c are on 
somewhat different ground. No one can assert that 
formaline is harmless, and its use as a preservative 
should be prohibited. Nevertheless, it is occasionally 
found in milk, and is sometimes sprayed •over meat, 
fish, and fruit to preserve them. It has a peculiar 
action on the gelatinous constituents of foods, harden- 
ing them and rendering them insoluble, and thus. very 
difficult to digest. Salicylic, acid is another preser- 
vative, found especially in preserved fruits, tem- 
perance beverages, sacramental wines, lager beer, 
etc. It is probably more dangerous than borax, 
and its use is seldom, if ever, justified. People differ 
very much in their susceptibility to salicylic acid. 
Many people — according to some authorities, (30 per 
cent. — arc easily affected by small doses of the drug, 
causing symptoms known as salicylism, including 
deafness, headache, delirium, etc. Tho uso of sali- 
cylic acid in food should, therefore, be regarded W'ith 
great suspicion. Sodium nulphite is another 
chemical preservative which is occasionally found, 
especially in stale meat, as it has the peculiar pro- 
perty of imparting the bright red colour of fresh 
meat. It also acts as a deodorant, and masks the 
offensive odours which are produced in the first 
stages of putrefaction. Fluoride s, usually sodium 
or potassium fluoride, have been found in butter, 
and their use should be prohibited. 


cases large quantities are required. Where used it is 
often supplemented by the addition of some power- 
ful preservative. Of chemical preservatives, borax 
and boraeic acid are perhaps more commonly 
employed than any others. 'They are, however, 
very mild in (heir action, and the quantity used 
must not be too small. Numerous experiments 
have shown that less than 4 gr. to the pint is 
practically useless in preserving milk, and the 
quantity often recommended to be added is quite 
double this. Borax and boraeic acid are also used 
largely for butter, cream, potted meat, and many 
other foods, and the question naturally arises 
whether they are harmful, and whether icstrictions 
should bo put upon their use. Boraeic acid is fre- 
quently administered medicinally, the maximum 
dose being 15 gr. ; that of borax is 20 gr. It is 
evident, therefore, that in the ease of 
young children and invalids, who 0**™ » 
practically live on milk, the quantity ruB£S 
taken daily, even putting it so low XfJ 

as 4 gr. to the pint, would exceed the maximum ^ 
pharmaceutical dose. Such cases illustrate the 14. 
danger which may attend its use. On the other 
l|and, it is difficult- to say how far it would affect 
a healthy adult, although the recent elaborate 
experiments of I)r. Wiley seemed to show that even 
in that ease it is likely to prove harmful. Nor can it 
be claimed that its uso is necessary, as some of the 
largest wholesale dairymen bring their milk to Lon- 
don and other largo towns from great distances, 
and manage to dispose of it without the use of any 
nreservative whatever. Much the same considera* 


Frauds on the Public. With regard to all 
these chemical preservatives, the weaker ones, in 
small quantities, are not of very great value, and the 
stronger ones are dangerous. Moreover, their use 
must be regarded as a fraud upon the public, as 
they impart to the foodstuffs a deceptive appearance 
of freshness. Thus borax or borne ie acid, although 
they have a certain inhibitory power on the micro- 
organisms, which bring about the souring of milk, 
probably have little or no effect on the more 
dangerous pathogenic bacteria, so that milk pre- 
served with borax, although it may appear still 
fresh and palatable, is, nevertheless, as stale as if it 
had gone sour. 

Unfortunately, legislation, as it affects preserva- 
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lives, is extremely unsatisfactory in this country. 
Although the report of the Departmental Com- 
mission appointed to deal with this subject made 
certain recommendations as to what- preservatives 
should be permissible, and in what proportions, 
these recommendations have not been adopted by 
the Board of Agriculture, and have consequently 
remained a dead letter, with the result that con- 
flicting decisions in the courts are the general rule. 


aTood Preservation concluded; followed by Catering. 
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have to speak first of the prevention of 
endemic disease, or diseases that attach 
themselves to and recur in a place rather than 
those which spread from person to person by 
infection, which arc called epidemics. 

Phthisis. Consumption depends on three 
things — the soil, the sower, and the seed ; and 
without these three things the disease does not 
occur. The soil is the weakened lung tissue, pre- 
pared, first, by hereditary tendencies or, secondly, 
by repeated bronchitis or other lung diseases. 
The seed is the bacillus of tubercle, the tiny 
germ to whose ravages the disease is due. The 
sower is the fatal opportunity when the seed 
gets so firmly implanted in the lung that it can 
multiply. All of us are breathing the germs 
daily without injury. It is only the combination 
of all these things that produces the disease. 

Phthisis does not depend on temperature ; 
it is common in Greenland, in English cities, 
and in the West Indies. Tt does not depend on 
latitude ; in Norway, Holland, and Italy the 
death-rate from it is the same — 2*5 per 1,01)0. 
It destroys native races (Maories and Sandwich 
Islanders) because they are not accustomed to it, 
and have developed no resisting power. 

Towns such as Rome, Naples, London, Edin- 
burgh, have the same death-rate from it. It is 
not dependent on humidity ; tho Hebrides and 
Shotlands are very free from it. Tt is less common 
in the Navy than in the Army. 

It is not prevented by even temperature 
al<£c. A combination of variation and dampness 
favour its spread, as at Alexandria and Port 
Said. Even and dry climates hinder it, as on the 
Nile and in Lower Egypt. A damp soil strongly 
favours tho disease, which, however, is at 
bottom an infectious one, the germs being prin- 
cipally conveyed by the dust of dried sputum 
of consumptive people. 

Where Consumption is Rare. Con- 
sumption is rare at high altitudes, and in 
people who live in the open air. Switzerland lias 
the lowest death-rate from it. It is mostly 
found in Europe at elevations below' 1,500 ft., 
where its death-rate is 2*15 per 1,000. From 
3 ft, to 4,000 ft, it is 1 *9. At 5,000 ft. it is only l * 0. 

A great predisposing cause is over-crowding 
and indoor life, with its associations of foul air ; 
though Mexican and Andean cities, at 7,000 ft. to 
13,000 ft. high, although overcrowded, have but 
little phthisis, and it is rare in the crowded tents 
of the Bedouin Arabs. 

Phthisis is largely influenced by the mode of 
living, and according to w'hethcr one is brought 
into contact with dusts and foul air. 

Of 1,000 deaths among fishermen, 108 are 
from phthisis; among grocers, 167; among 
drapers, 301 ; among poulterers, 461 ; among 


farmers, 103 ; among cutlers, 371 ; among 
earthenware makers, 473 ; among operatives, 
220 ; among w'oolsorters, 265 ; among coal- 
miners, 120 — coal dust is not so injurious as 
other dusts. 

Consumption undoubtedly increases with bad 
air : 70 per cent, of the patients at Brompton 
Hospital have led indoor lives. The increase of 
consumption is directly in proportion to tho 
density of the population. It is also due to here- 
dity, for from one-third to two-thirds of the 
children of consumptive parents develop con- 
sumption. The breath itself of consumptive 
people is not probably the source of infection, 
but the sputa. Tho disease clings to sick-rooms 
and confined dwellings. There is a record of nine 
successive cases in one travelling van. 

Is Consumption Preventable ? Phthisis 
is theoretically preventable, but practically its 
prevention is attended with many difficulties. 
Since 1861 the death-rate from this disease 
every five years has decreased as follows : 2*5, 
2*4, 2*2, 2*0, 1*8 per 1,000. In 1851-60 it 
was 1 per 1,000 of all deaths. In 1880-90 it was 
only ,V 

The chief predisposing cause of phthisis is 
bad, close air. The mortality in huts is two-fifths 
of that in barracks. Improved ventilation has 
recently lowered the death-rate. 

Cattle suffer from tuberculosis. Infection 
may be caused by diseased meat or milk, though 
this has been disputed by Professor Koch. 
Bacilli are found in the milk of tuberculous cows. 

Sanitation alone does not lessen consumption 
unless it drains and dries the soil. At Stafford 
it has made no change. Phthisis and damp 
soils go together. Where the soil has been 
dried, the mortality from phthisis has lessened 
to this extent : at* Salisbury, 50 per cent. ; at 
Rugby, 45 per cent. ; Leicester, 30 per cent. ; 
Bristol, 22 per rent. 

In damp soils consumption, bronchitis, rheu- 
matic fever, measles, whooping-cough, and 
pneumonia flourish. 

Scrofula. One variety of this disease is 
tuberculous. It is common in close, confined, 
damp, dark rooms. 

Rickets. The pr« disposing causes of 
rickets arc too rapid child- bearing, weak parents, 
poverty, bad air, bad food, vegetable diet taken 
too early in life, and an abseneo of lime salts 
from the food. It was found in the Zoo that all 
the young lions developed rickets when they 
were fed on horseflesh, because the hones were 
too hard to crunch. When fed on goat’s meat, 
where the bones are softer, the rickets dis- 
appeared, because the animals got tho lime 
salts. Other eases are due to foul air, damp, 
cold cellars and want of sunlight. 
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Rheumatic Fever. Of cases of rheumat ic 
fever, 27 per cent, arc from inherited tendency. 
It arises from occupation, outdoor work, chilis, 
poverty, and certain cold, damp soils. Damp 
houses* and damp linen are very likely to bring 
it on. Close air is also bad. 

Malaria. An “ unhealthy ” climate means 
almost invariably a “ malarial ” one. It is due 
to the bite of a mosquito, a species of anopheles , 
found in warm climates, drying marshes, stag- 
nant pools and fen countries. Malaria is thus 
common when there is much moisture and 
decomposing vegetation — in old estuaries, allu- 
vial soil, deltas and damp bases of mountain 
ranges, and freshly -cleared forest lands. It is 
least- common in winter. The mosquitos arc 
carried by winds across plains. A forest is a great- 
protection, so is a large sheet of clear water, and 
a dry subsoil and good drainage. 

\Ve now turn to the consideration of the pre- 
vention of epidemics. With regard to these, the 
old terms “ miasma, ” “contagion,” “ infection,” 
have either disappeared or have been modified 
in their meaning since the discovery of the micro- 
organisms, which are the invariable cause. 

The means of infection are practically by air, 
water, food, and clothing. In this ease again, 
as in consumption, we require the soil, the 
sower, and the seed. Epidemics are most common 
in spring and autumn. They may be divided 
into pandemics, or those which seem to spread 
everywhere at once, such as influenza (at certain 
times), and epidemics proper , or those which 
ravage districts. 

Those borne by water are typhoid, cholera, 
dysentery, diarrlnea, and sometimes scarlet 
fever. Ail the rest are carried by air, especially 
smallpox, chicken-pox, scarlet fever, typhus 
fever, measles, German measles, whooping- 
cough. mumps, diphtheria, and tuberculosis. 
Ague, leprosy, plague, typhus fever, are more 
or less extinct in England. 

Cholera. Cholera is believed to bo due to the 
“comma” bacillus, or perhaps to two varieties. The 
incubation is from one to fifteen days, generally 
tw r o to five. It is a specific, zymotic, epidemic 
disease — a filth disease, carried by filthy people 
to filthy places ; but filth alone cannot produce it . 
It is endemic in Lower Bengal and Central Asia. 
It is most fatal among negroes. It is commonest 
in autumn, and reappears in spring. Winter 
stops it. Infants are exempt from it. Tt is 
most common between the ages of 20 and 30. 
Poverty tends to increase it. Tt, infects by the 
evacuations, which increase in virulence for 
throe days. There are four stages : ( 1 ) Invasion 
apd diarrhoea : (2) exacerbation , and subnormal 
temperature starts ; (3) collapse , and the body 
drained of fluid ; (4) reaction, and rise of tem- 
perature and recovery. Fifty per cent, of those 
attacked die in about 30 hours. All stools 
should be buried. Bacilli remain active in the 
body eleven days after death. All bodies, there- 
fore, should be soaked in carbolic. 

Cholera cannot be stopped by quarantine, and 
is not due to air waves. We eat it and drink it ; 
we cannot “ catch ” it— that is, through the air. 
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Epidemics occurred in this country in 1831, 
1848, 1854, 1866, 1892. It is brought from the 
Ganges by pilgrims and caravans, and used to 
t ake three years to come. Now, by trains and 
steamers, it can arrive in three months. 

The Holy Well at Mecca is a great centre, 
where pilgrims suffering from it wash and then • 
drink the water. Some 38, (XX) die each year. At 
Hamburg, the Elbe has been found swarming 
with it ; in the River Durance, 300 germs per 
cubic centimetre were found before the river 
entered the town, and 4,000 after ; for on its 
banks were 20 corn mills using grain from Russia 
and India, where it had been trodden out by 
cholera-stricken natives. In 1866, a man 
landed at Southampton : ho came to London, 
his evacuations passed into the River Lea, which 
is used as drinking water, and caused 16, OCX) 
deaths. 

There are throe lines of defence against this 
disease : Isolation at ports of ail infected 

people and articles, the Metropolitan Asylum 
Board Hospitals, and the action of the Town and 
District Councils and Medical Officers of Health. 
The chief object in a cholera epidemic is pre- 
vention rather than cure. The sick should have 
beds of straw, which should be burned. All 
diarrhoea should l>e checked, and little fruit 
eaten, and only fresh -boiled fluids drunk. 

Smallpox. The smallpox rash appears on 
the third day; there are 14 days previously of 
incubation. The rash begins with red pimples, 
which then fill with water (vesicles), and then 
with matter (pustules). There is a pain in the 
back, and the infection lasts four weeks. Small- 
pox hospitals tend to infect houses round them. 
The smallpox infection is doubled in houses a 
quarter of a mile off compared with those half 
a mile away. The germs arc diffused in fine dust, 
and have great resisting power to heat and cold, 
and are spread by clothes more readily than 
scarlet fever. 


| MEAN ANNUAL DEATHS I'KOM SMALLPOX | 


At all 
ages. 

o-r. 

1 

5-10 ! 15-25 , 25-45 

Valuation optional . . 

305 

1,617 

337 j 100 I GO 

Vacillation compulsory 

114 

242 

1*20 | 122 | 107 


Before inoculation was practised there was an 
epidemic in this country every three years, 
afterwards every ten. The maximum mortality 
was at the end of May. When inoculation began, 
only one-tenth of all attacked died, but the 
disease spread everywhere, because there was 
no proper vaccination, but only inoculation with 
(he disease itself. In 1838, free vaccination was 
established, and in 1853 it was made com- 
pulsory. 

People are thus protected (1) by having had 
smallpox ; (2) by inoculation with smallpox ; and 
(3) by vaccination with cowpox. 

Cowpox may be described as a sort of smallpox 
in the cow. The table given above is of interest . 

Vaccination in infancy loses half its protective 
power at twenty years of age. Isolation is no 
substitute for vaccination. 
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Before 1853, the deaths from smallpox were 
•4 per 1,000 ; since 1853 *2 : now, only *001 of 
all deaths are due to this disease. This great 
decrease is in children under ten years of age. 
At fifteen years of age the death rate increases, 
because none have now had it in youth, for the 
vaccination protoets them. Re vaccination at 15 
is not compulsory, but gives immunity for the 
rest of life. 

The following table gives the figures of hospital 
mortality in 5,000 eases of smallpox among 
patients of all ages : 


Vaccinated with had marks 

,, one good mark 

,, two good mark* 

,, three good marks 


Under l.'i 

< h or !. r » 

yrs. of age 

yrs. of age 

per rent. 

per rent. 

4 

10 

0 

0*4 

0 

4 0 

0 

*»i» 


Thirty-eight per cent, of the patients who died 
were unvaccinatcd. 

If unvaccinatcd, generally 35 per cent, of 
those attacked die. 

If previously vaccinated. 19 per cent. die. 

Jf vaccinated with no mark, 23 „ ,, „ 

if vaccinated with 1 mark, 7 „ „ „ 

If vaccinated with 2 marks, 4 „ „ „ 

If vaccinated vflth 3 marks, 1*5 „ „ 

If vaccinated with 4 marks, *5 „ „ 

If vaccination were now stopped, smallpox 
would at once become a very fatal disease, being 
new. At Sheffield, four out of five had it, and 
two out of five died when there was no vaccina- 
tion. Smallpox cost the rates from £7 to £11 
a case ; 5, (XX) cases cost £43,3(X) in three months. 
In 1,572 cases, 30 per cent, of the unvaccinatcd 
died, end only 3*5 of those vaccinated. 

Before vaccination, the deaths from smallpox 
were 3,000 per million, now they are 175. At 
Sheffield, the proportion of deaths among 
children under ten who were unvaccinatcd 
was 480 to 1. 

Inoculation (now discontinued) consisted in 
injecting a diluted smallpox into the body, and 
with vaccination (cowpox) this is in time to take 
effect, even if smallpox is in the system, for 
hydrophobia and smallpox incubate twelve days, 
and cowpox only eight days ; therefore, if small- 
pox be “ caught ” on Sunday, vaccination on 
Tuesday would be effectual. In mild outbreaks, 
the germ may have become weakened by pass- 
ing through persons of slight susceptibility. 

T yphoid. The mortality in cases of typhoid 
used to be 33 per cent. ; now, about 17 per cent, 
die in the third week. Children suffer loss than 
adults. Thera is first about 14 days of ordinary 
diarrhoea, and then the fever and disease set in. 
Patients die of perforation, exhaustion, and slow 
bronchitis. Forty thousand have died in this 
country in one year, and it is still one of the 
greatest scourges in the Army. Our precautions 
against it were very unsuccessful in the Boer 
War, and, compare unfavourably in every way 
with those of the Japanese Army in the late war. 
Good nursing is of the utmost importance, but 


prevention is easier than cure. Typhoid is due 
to a special germ. There is a similar disease in 
cows, conveyed by milk. 

An outbreak took place in Worthing through 
leakage from an infected sewer of subsoil water 
into a well through a fissure. Another outbreak 
arose from drinking herb l>eer made in a room 
whore a patient had lain. The infect ion is from t he 
excreta. The germ does not live long in sewage, 
nor in rain water ; but if nitrites are formed by 
filtration through the soil, etc., it can live on 
these for a long time. It abounds in shallow 
wells. 

The general health rate in towns is really 
determined by the death-rate from typhoid. Of 
49 rats inoculated with typhoid, and breathing 
sewer gas, 37 died ; of 49 rats inoculated, and 
breathing pure air, 3 died ; of 72 guinea-pigs 
inoculated, and breathing sewer gas, 57 died ; 
of 72 guinea-pigs inoculated, and breathing pure 
air, none died. 

Diphtheria. Diphtheria is conveyed 
through the air at short distances, and is most 
fatal to patients of from one to ten years, and 
especially Iwtwecn the ages of three and six. 
The incubation is one week. 

Infants are not exempt, and it attacks both 
sexes, rich and poor alike. It used to be most 
common in the country: it is now most common 
in the town. It began (X) years ago, and is most 
frequent in winter. It is endemic in Paris and 
Florence. Diphtheria is due to a specific germ. 
Darkness, dampness, dirt, ash-pits, appear to 
favour it, but it is doubtful if it comes from 
drains. It is caught often by kissing, and is 
common after scarlet fever ; there is also an 
hereditary tendency. 

Where membrane forms, one-third of those 
attacked used to die before the anti-toxin was 
used; but the mortality is now much reduced, for 
protection by anti-toxin is very great, and may 
reach immunity. In malignant eases patients 
may die in twenty-four hours. The poison lurks 
about for weeks afterwards, so that patients 
must be strictly isolated till all membrane is 
gone. Ten per cent, of those attacked have 
slight paralysis after. Cats can take diphtheria, 
and cows can transmit a similar disease by milk, 
not by water. Anti toxin is got from horses 
kept near Harrow, which, by repeated injections 
of doses of diphtheritic poison of increasing 
strength, develop in the serum of tlicir blood so 
much anti-toxin against diphtheria that they are 
used as storehouses for it. They are in perfect 
health and do nothing, but are occasionally 
blistered, when a small amount of the fluid is 
drawn off and used. The writer has seen a little 
gill with her throat and nose tilled with thick, 
white membrane, and a short time after injecting 
the anti-toxin he has scon it melt away like 
snow before the sun, and the child, who would 
have died, recover. 

Measles. In measles, the rash appears on 
the fourth day, and often attacks eyes and ears, 
and leaves deafness. In adult life it is a serious 
disease. 44 Black ” measles are dangerous. In 
countries where it is rare, it is very fatal, but 
in England we are hardoned against it. The 
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infectious germ is largely carried in the air by 
sneezing and coughing, also by clothes ; but 
not by water, milk, or animals. 

Whooping-cough. Whooping-cough is the 
most fatal disease for children under five, and is 
infectious for six weeks. 

ChicKen « pox. Chicken-pox is usually 
mild. Fresh crops of spots continue to come out 
for six days. Incubation lasts fourteen days. 

Scarlet Fever. Scarlet fever is most 
common in children under three. Infection is 
caught- by the breath, or, in the later stages, by 
bits of infectious skin. The fever can he con- 
veyed by milk from a similar disease in a cow, 
hut is not conveyed by water, or carried far by 
air currents. Many escape altogether ; it is 
therefore well to protect young children. Over 
three, they are less susceptible, and it is less 
dangerous. It is most prevalent in autumn. 
The incubation is under a week. 

Typhus. Typhus is nearly extinct in Eng- 
land. It is carried by the air short distances, and 
about 18 per cent, of cases are fatal. 

The present (lowest) mortality from these 


diseases per 1,000 per annum is as follows : 


Diphtheria . . *1 

Whooping-cough 

6 

Typhoid .. .. 2 

Diarrlxea . . 

. (i 

Measles . . . . '3 

Measles 

. 0 

Scarlet fever . . *4 

Phthisis . . 

. 13 


Any death-rate from these diseases which 
exceeds this should bo inquired into at once. 

Influenza. Influenza, or the “ influence 
of the stars or weather,” is due to a “ dumb- 
bell ” bacillus. It is an infectious, contagious 
disease in the air carried from person to person. 
The incubation is from two to seven days, and 
people remain infected one week after the symp- 
toms go. The earliest recorded outbreak occurred 
as early as the year 887 : more recent ones in 
1803, i833, 1837, 1847, 1880, 1891, and since. 
It occurs at all seasons, and attacks nearly all 
Europe at once (pandemic). It can travel in 
one night from Moscow to Vienna. 

There arc four varieties known — digestive, 
respiratory, locomotor, and nervous. In 1890, 
28,000 died, which shows what an enormous 
number must have been sick, for the writer has 
seen hundreds a {fee ted, but not one who has 
died. It caused the death-rate to rise to 46 from 
18. It has one-third of the incubation of small- 
pox ; hence, while 10 people are getting small- 
pox, 1,000 may get influenza. There is no rash, 
and it is not easily recognised, and it attacks 
adults freely, because so few are protected. It 
is like a common cold, but much more severe, 
and therefore difficult to isolate. One attack, 
unfortunately, gives hut little protection. 


Isolation should be practised when old people 
are exposed to it, ana when it is the first case 
in a new locality. Where it rages large gatherings 
should be forbidden. All prophylactics, such as 
camphor, oranges, or drugs, are useless. It is of 
the first importance to be in generally good 
health when attacked, and there should be no 
exposure to cold till recovery is complete. The 
nervous variety often leaves the mind disturbed, 
while the respiratory is often accompanied by 
severe, and sometimes fatal, pneumonia. The 
digestive and locomotor varieties are less 
dangerous. 

Influenza is supposed to have originated in 
Eastern China. 

Erysipelas. The mortality of this disease, 
like scarlet fever, is in inverse ratio to the rain- 
fall, for dam]) cheeks perspiration, which is so 
conducive to recovery. It always enters through 
some wound ; the germ cannot penetrate the 
healthy skin. 

Epidemic Infantile Diarrhoea. This 
is endemic in Preston and Leicester. When 
t ho temperature 5 ft. below the surface is 56°, 
the germs rise, and infection begins. In the first 
quarter of a year in Leicester there were 27 
deaths from it ; in the second there were 29 ; 
in the third (during July, August, and Sep- 
tember) there were 925 ; in the fourth, 44, 
showing that it is only in certain seasons that it 
rages. It abounds in loose, phrous, foul, damp, 
and “ made ” soils. 

The temperature at 4 ft. below the surface 
determines the activity of the germ, which is 
increased by stagnant air and bad food, and is 
most common in poverty, dirt, darkness, and 
crowded localities. 

Less Common Diseases. Continued 
Fever is a name given to mild forms of some 
of the specific diseases. Yellow fever appears in 
the West- Indies, Mexico, Brazil, West Africa. 
The incubation is from one to five days, and lasts 
from two to three weeks. Relapsing fever is due 
to a spiral bacteria. There is a sudden onset 
and sweating for seven days ; then, after another 
seven days, this is repeated. It is common 
where there is overcrowding and want of food. 
Anthrax and Wool sorters’ Disease and Splenic 
Fever are closely allied diseases taken from sheep 
and cattle. Glanders, or farcy, is a nasal dis- 
charge, with gland swellings, common in horses, 
but rare in man. Tetanus, or lockjaw, is a 
disease of garden soils, where the germ swarms. 
It is not infectious, and arises from fouling 
some wound (a cut finger, for instance) with the 
soil ; hence it is commonly “ taken ” through 
the hands and feet. 


Health concluded; followed by Ill-health 
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By JOSEPH G. HORNER 


A FTER the invention of the printing press, that of 
** the steam onginc has contributed more than any 
other to develop the civilisation of the human race. 
Without it the great machines that relieve men 
of manual toil — the spinning and weaving machines, 
the lathes, and various metal-shaping machines — 
would have been undeveloped. Tho enormous 
postal service, the ocean steamers, the expresses, 
would have been unknown. Yet it, together with 
the vast industries which it has created, was 
struggling into birth so recently ns the period when 
Dr. Johnson paced his lielovcd Fleet Street. Tho 
men who created the charming literature of the 
eighteenth century cared nothing for the new agent 
which was coming into being. Watt enjoyed, 
perhaps, as much notoriety as any engineer of the 
period. But Dr. Johnson, when visiting Birming- 
ham, did not think it worth his while to accompany 
Boswell to see the famous works where about 700 
“ hands ” were employed. The attitude of culture 
towards mechanical subjects was reflected in 
Johnson’s re 1 nark to Boswell in reference to the 
people of Lichfield. “ Sir, we are a city of philoso- 
phers : we work with our heads, and make the 
boobies of Birmingham work for us with their 
hands.” Little notice, therefore, was taken of tho 
work of the engineers. Even tho great canals which 
Brindley had cut for the Duke of Bridgewater were 
apparently never alluded to by Dr. Johnson. 
Bramah, Maudslay, and their fellows found no place 
in contemporary literature. The literary class 
knew nothing of Oort and Onions— men whose 
inventions and discoveries profoundly influenced 
the metallurgy of iron, and through it the civilisa- 
tion of the present period. Now there are many 
millions of horse-power of work done daily in the 
world by the steam engines. 

The Power Behind the Engine. Many 
people arc so accustomed to associate the action 
of steam as such with the power of the engine 
that they often overlook the essential agent. For 
steam is but one vehicle of power, one only of several 
that are possible. The real agent is heat, and heat 
is obtainable apart from steam. We may be 
pardoned for putting this essential fact in language 
taken from Herbert Spencer, who began life as ail 
engineer, in which he must have achieved distinction 
had he not chosen to devote his immense talents to 
the pursuit of science and philosophy. “ The late 
(i corge Stephenson was one of the first to recognise 
the fact that the force impelling his locomotive 
originally emanated from the sun. Step by step 
we go back from the motion of the piston to the 
evaporation of the water, thence to the heat evolved 
during the oxidation of coal ; thence to the assimi- 
lation of carbon by the plants, of whose imbedded 
remains coal consists ; thence to the carbonic acid 
from which their carbon was obtained ; and thence 
to the rays of light that deoxidised this carbonic 
acid. Solar forces, millions of years ago expended 
on tho earth’s vegetation, and since locked up 
beneath its surface, now smelt the metals required 
for our machines, turn the lathes by which the 


machines are shaped, work them when put together, 
and distribute the. fabrics they produce.” 

The Nature of Heat. In the eighteenth 
century, steam engines were manufactured at a 
period when utterly false theories prevailed respect- 
ing the nature of heat. In the philosophical 
treatises of that time the term “ calorie ” occurs 
constantly, and both steam engines and hot-air 
engines were long termed caloric engines. It 
was then believed that heat was an imponderable 
but material and indestructible fluid, which insinu- 
ated itself between the pores of bodies, and which 
possessed gravity ; and the term caloric has 
lingered on, even into the present period. Count- 
Humford disposed of the old theory by showing 
experimentally that heat and mechanical work were 
interchangeable, inasmuch as heat might be pro- 
duced by work, and work could be done by the 
application, of heat. Heat, therefore, as we all 
know now, is one of the many forms of energy in 
the universe, and as such it is measurable in thermal 
units, representing a definite number of pounds, 
772 lifted a foot high, or as kilogrammes, 421 lifted 
a metre high. Hence the science of heat is termed 
thermodynamic#, and the fir*! law of thermo- 
dynamics is this— that, when work is transformed 
into heat, or heat into work, the quantity of work 
is mechanically equivalent to the quantity of heat. 

Heat is utilised in various ways — in the steam 
engine, in the form of aqueous vapour ; in the gas 
and oil engines, in the gaseous products of com- 
bustion ; in hot-air engines, in lie* form of atmo- 
spheric air subjected to rapid changes of tempera- 
ture. But in any ease mechanical work results 
only when there is a change from a higher to n 
hnvr temperature, whieh expresses the second law 
of thermodynamics. An obvious corollary is that 
the greater the range between the higher and lower 
tcinpcrat.il res the greater must be the efficiency of 
the heat engine. Incidentally, this explains why 
the pressure of steam and gas employed in engines 
(and consequently their temperatures) have always 
been increasing, and continue to do so still. 

The Vehicle through which Heat 
WorKs. Every one knows that the moving 
agency in a steam engine is a piston, enclosed in a 
cylinder, and actuated by the pressure of steam on 
its opposite sides alternately. Bo far, so good. 
But why should steam possess sufficient force to 
pre^s willi a load of many tons at one instant, on the 
piston of a large engine ? Steam is a highly heated 
gaseous fluid, very much hotter than the water from 
which it is generated. Now, the hotter a gns is, 
the more active are its molecules. These are 
incessantly Hying to and fro, hammering against 
one another, and against the sides of any vessel in 
which they may happen to be contained ; and the 
result, in common language, is not molecular 
activity, but pressure. In actual fact then, since 
increased heat produces increased activity, driving 
th<* molecules farther asunder, the active motive 
power in the steam engine is heat, and the steam is 
simply a vehicle for the supply of the heat. One would, 
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therefore, expect to find that heat otjier than that 
of steam would do similar work, and such, in fact, 
i« the case. In fact, from the theoretical point of 
view, the vehicle utilised may be ignored entirely — 
the heat is the essential thing. For (2a mot has shown 
that if any two temperatures are chosen, a higher 
and a lower, the efficiency of an engine working 
between those temperatures depends on the differ- 
ence in temperatures, and not at all on the substance 
employed. All reversible engines, therefore, which 
fulfil this condition have theoretically the same 
efficiency, irrespective of the. working substance 
which is the agent of temperatiuv changes. Hot 
air, coal gas, blast furnace gas, producer gas, the 
vapour of petroleum, are all used to a very large 
extent, and their resulting action is the same as that 
of steam, though the method of their utilisation is 
not precisely the same. Into the relative economies 
of these we need not enter here. It is sufficient- to 
have established t lie fact that the steam engine is 
simply a heat engine, for which steam is just a very 
convenient vehicle. Actually, there are excellent 
reasons why some agents are less suitable than 
others ; why heated atmospheric air, for example, 
is vastly less useful under practical conditions than 
the vapour of water or the hydrocarbons produced 
by the combustion of coal or oils. 

How to Utilise the Heat of Steam. 

The first practical point which arises relates to the 
nature of the vessel in which temperature reduction 
is to be accomplished with economy. It may con- 
sist of one or more vessels. The most familiar type 
is the cylinder of the steam engine. But a single 
cylinder is a. crude form, because the range of 
temperature possible in one cylinder is not extensive 
enough to permit the highest range of expansion 
which is either desirable or possible when the range 
is divided between two cylinders {compound), three 
(trijjle expansion ), or four cylinders (nuadrupfe 
expansion). The point, therefore, is that the object 
sought, in order to ensure high efficiency, is to bring 
the steam (the heat carrier) into the first cylinder 
at as high a temperature as is practicable, and to 
cause it to escape (exhaust) finally at the lowest 
tcnqierature that is practically possible. Stated 
in this way, the problem does not strike one as being 
very difficult, yet in the growing approximations 
thereto lies much of the history of the steam engine 
for the past 1 50 years. 

The Meaning of Expansion. The term 
expansion has been employed. The fact which it 
expresses is inseparably associated with pressure 
and temperature. From the present point of view 
it is a property possessed only by gaseous fluids. 
Solids and liquids expand slightly, but not in the 
same sense that gases do. Thus, a vessel may be half- 
tilled with a liquid ; this will not expand suffici- 
ently to fill the vessel, but raise its temperature 
sufficiently to convert it into a gas, and the gas will 
expand and fill the vessel, or another many hundreds 
of times larger. In the transition from the liquid 
to the gaseous state, it has received heat and 
expanded ; and if it is caused to resume the liquid 
state by condensation, it will in doing so yield up 
that beat and shrink back to its former dimensions. 
A gas cannot be retained and made to do useful work 
by its expansion in an open vessel, but only in one 
that is closed and rendered impervious to the passage 
of the gas. Without this capacity for expansion, the 
heat absorbed by a gas in passing into the gaseous 
state would be of no value in the engine. A red-hot 
mass of metal would be useless as a vehicle of heat 
energy, because it would be incapable of expansion, 
and without- expansion pressure would not result. 
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The force exercised by an expanding gas is 
termed its elastic force , and this is the equivalent 
of heat energy. Hence we say that the elastic force 
of steam is an invariable quantity at a given 
pressure and tcm]>erature. With increase in 
these, elastic force increases, and consequently 
the power exerted. So, therefore, by increasing 
pressure and temperature of steam in a vessel 
(the cylinder) the power of the engine can be multi- 
plied without increasing its dimensions, which fact 
explains why small engines now give out much 
more power than large ones formerly did. 

We arrive, then, at the fact that in any heat 
engine the work done is proportional to pressure 
and temperature, and that the engine does work by 
reason of the energy manifested as heat, which 
produces expansion of the heated gas, its vehicle. 
Pursuing the subject into another stage, let us sec 
what goes on in an engine cylinder to which steam 
has been admitted. 

The Way in which Expansion Takes 
Place. The pressure of the expanding steam 
operates against the face of a piston which is free 
to move along the cylinder, and which is connected 
by its rod to the rotational mechanism of the engine. 
If now steam is admitted at one end of the cylinder, 
it pushes the piston to the other end. And in order 
to do so the steam may be admitted as long as 
the piston is moving — that is. throughout its entire 
stroke. This was the old way, which was extremely 
wasteful of steam, because its expansive force w’as 
not properly utilised. But- the steam supply may 
alternatively be cut off at a definite stage, as at 
one-quarter, one-third, one-balf, three-quarters, 
or seven -eighths of the st roke. This is the modern 
method, in which the steam is made to do work 
during the remainder of the stroke by virtue of 
its expansive energy ft]. Or, further, the steam, 
partly expanded in one cylinder, may be exhausted 
into a second cylinder to move a piston there by 
its expansive force, and thence into a third cylinder 
to move its piston similarly, as in the compound 
expansion engines. 

The Curve of Expansion. But considering 
simply what goes on in a single cylinder, we know 
that, according to Boyle's law, the pressure of a gas 
in expanding (under a constant temperature) varies 
inversely as the space which it occupies. Though 

steam (un- 
less super- 
heated) is 
not a perfect 
gas, yet for 
the present 
purpose it 
may be re- 
garded as 
such. If, 
therefore, 
steam is ad- 
mitted into 
a cylinder 
during, say, 
a fourth of 
the stroke, 
and then cut 

1. CURVES OF STEAM PRESSURE off, the 

curve of 

pressures will be a falling one, as in 1. The average of 
all the ordinates measured in the diagram of work will 
be the average pressure exerted during the stroke. 
In other words, the area of the space enclosed by the 
straight and curved lines shows the amount of work 
done by the steam during each Btroke of the piston. 










The curve of expansion in an engine cylinder 
does not fulfil Boyle’s law, for then it would be an 
isothermal one, or one of equal temperature, which 
is impossible. Since a portion of the heat in the 
gas in expanding becomes converted into mechanical 
work, the temperature of the gas must fall, for that, 
as we have seen, is an essential condition of con- 
vertibility. But supposing that fresh heat were 
applied to the steam during its expansion, sufficient 
to compensate for the heat lost as work, then Boyle’s 
law would hold good, and the curve of expansion 
would be an isothermal one. An approximation to 
this is secured by the steam-jacket — the easing of 
hot steam which surrounds most engine cylinders. 
This represents the best condition for general 
practice. Sufficient heat is imparted thus during 
expansion to prevent liquefaction of the steam 
that would otherwise result from the rapid yielding 
up of its heat. The question of very high pressures 
and superheating opens lip other problems, which 
may be deferred to a later stage. 

The Engine Compared with a Gun. 
Should thero be an initial difficulty in realising the 
elastic force of steam that is bottled up in a cylinder 
behind a piston free to move, the subject may bo 
apprehended better from another point of view. If 
for the cylinder a gun, a charge of gunpowder, and 
a projectile are substituted, we shall see analogies 
between the two. The ignition of the gunpowder 
generates an immense volume of hot gas, the ex- 
pansion of which, accompanied by pressure, drives 
out the projectile with much initial energy. The 
parallel between the gun and the engine cylinder 
is absolutely complete in its essentials, notwith- 
standing that the action of the gunpowder is 
more energetic and rapid than that of the steam. 
The fact that the steam is produced in a separate 
generator (the boiler) and the gas is generated 
within the gun is a matter of detail only. Actually, 
in the gas engines and petrol engines the explosive 
gas is generated within the cylinder, lienee the term 
internal combustion engines applied to those great 
groups. But the gun is as truly an internal com bus- 
lion engine as the gas and petrol motors are. 

Early Engines. Having briefly explained 
the nature of the power behind the engine, the re- 
mainder of this article may he occupied with a 
rapid survey of the epoch-making developments in 
the history of this group of prime movers. 

It is a curious fact that the first engines were not 
steam engines. To us it seems now so very natural 
to utilise steam in certain fashions in the engine 
that these methods seem almost self-evident. But 
the accomplishment of this is the outcome of as 
remarkable a story in the history of invention as any 
in the annals of engineering. 

Atmospheric Engines. The first engines, 
Ihen called fire engines, were not driven by steam at 
all, but by tho weight of the atmosphere. The steam 
was used only because it could be condensed from 
atmospheric pressure, leaving a moderate vacuum. 
Papin’s engine consisted essentially of a cylinder of 
metal with an air-tight piston fitting easily therein. 
The power given out by the engine was developed 
by the descent of the piston. The piston descended 
by gravity, and the conditions necessary for descent 
were fulfilled by the production of a vacuum 
underneath the piston. But herein lay the imprac- 
ticable element in Papin’s machine. Tho fire that 
generated the steam was underneath the metal 
plate that formed the baso of the cylinder, and in 
order to condense the steam, so that the piston 
might -descend, it was necessary to take tho fire 
away from the plate and to let tho cylinder cool. 
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Then, after the descent was accomplished, fresh 
steam was generated, and a counterbalancing 
weight lifted the piston to its original position. 

Nevertheless, this embodied the first germ of tho 
condensing, steam engine, but so utterly impractic- 
able in .character that it must have perished in its 
birth if practical mechanics had not taken it in hand. 

Newcomen's Engines. Newcomen and 
Cawley took up this engine, in 1 70I> — after a lapse 
of 15 years— and, still effecting the descent of the 
piston by atmospheric, pressure and its ascent 
by a counterpoise, they adopted the more simple 
nd speedy method of refrigeral ing the steam by 
introducing cold water round a space contained 
between tho outer surface of the steam cylinder and 
the inner surface of an enveloping cylinder. Still, 
this was a slow process, and, though a very great 
step in advance, would have been insufficient to 
bring the engine into general use. But luckily, 
through want of suitable tools, tho cylinder coukl 
not he bored, and the piston therefore could not be 
made steam-tight. As a clumsy remedy, a stratum 
of water was kept above the piston to till up tho 
open spaces between its circumference and the sides 
of the cylinder. One of these pistons was observed 
accidentally to he travelling more rapidly than usual, 
and on examining into the cause of this increase of 
speed it was found that water was dropping down 
the badly-titled sides and condensing the steam 
underneath. The hint was taken, and water hence- 
forth was thrown into the cylinder instead of 
around it. 

Newcomen’s pumping engines wore all drivon by 
the pressure of the atmosphere upon the upper side 
of a piston in a cylinder open ai the top. A sub. 
Slant ial improvement in these was made in produc- 
ing the steam in a vessel or boiler away from the. 
cylinder, and leading it thence to the latter through 
a pipe. Time, of course, was saved thereby, but tho 
steam lmd still to he condensed within the cylinder 
after having done its work, in order that tho 
pressure of the atmosphere might operate above 
the piston against the vacuum formed beneath. 
The atmosphere pressure amounted, of course, to 
a considerable total over the area of a piston of 
several feet in diameter, and all these engines were 
therefore of very largo bore. But as it was necessary 
to get rid of the counter- pressure of the atmosphere 
against the lower side of the piston, steam was used 
as a convenient, me thod of producing a vacuum there. 
In operating these engines steam was first intro- 
duced below the piston, displacing the atmosphere, 
and then condensed by a spray of cold water. Tho 
piston was then pushed down by atmospheric 
pressure opposed to a vacuum. Tho piston-rod 
was attached by a chain to one end of a pivoted 
beam. A chain at the other end lifted the rod of 
the mine pump. When tho stroke was completed, 
the weight of the pump-rod. made sufficiently heavy 
to counterbalance the weight of the piston, pulled 
tho latter up to the top of the cylinder, at the 
same, time that steam was being admitted below 
the piston. Several of these venerable “ fire engines ” 
remain in existence to-day, and some aro still in 
operation. 

Watt's Inventions. Crude, and even 
comical, though tho arrangements of tho New- 
comen engine appear to us, it was the only 
workuble type in use until 1759. One of the 
oldest of these has been in service at Bedminster, 
Bristol, nearly until the present time. It was in 
operation in* 1900, and was. attended to by a 
man whose father and grandfather lived and died 
in. the service of the same engine. Tho only 
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interest which these engines possess now is that 
they were the primitive ty|x k s with which Watt 
was familiar, and the repair of a model of whieh 
for Glasgow University — still preserved — led to 
those researches and inventions by whieh he 
designed in nearly all its essentials the modern tyj>e 
of steam engine. The old style of cylinder, with 
its axis vertical, and the beam were retained; 
and the functions of the Watt engines were re- 
stricted mainly to that of pumping water from 
mines, thus following the Newcomen engines. 

The Separate Condenser. The great 
and crowning glory of the inventive genius of Watt 
consisted in an improvement which it is difficult 
for us in the present day to appreciate fully, ft 
was one of those apparently very trilling imjirove- 
ments whieh have hern fraught with immense 
consequences. It consisted merely in condensing 
the steam in a vessel nmuf from the cylinder. 
Watt invented much more, improved in many 
other ways, hut that is the bottom fact in his life’s 
work. So simple was it that his patent- was 
attacked and infringed because of its simplicity, 
yet so rich in results that it became the basis of 
wealth to Watt and his partner Boulton, and to 
many others beside. It gave the death-blow to 
the old water-wheels and windmills, became a 
powerful factor in the extinction of the domestic 
system of manufacture, and in the enormous growth 
of the factory system, and rendered steam naviga- 
tion possible. Yet it was merely a vessel for con- 
densation, separate from the cylinder, nothing 
more. 

In .the words of the historic patent of January 
r>tli, “ In engines that- are to bo worked wholly 

or partially by condensation of steam, the steam is 
to be condensed in vessels distinct from the steam 
vessels or cylinders, although occasionally com- 
municating with them : these vessels I call k Con- 
densers.’ ” Men’s minds run in grooves, out- of 
which only the genius of the great- inventors lead 
them. For a century men had condensed the steam 
within the cylinder, and only after years of wearing 
thought and frightful headaches (lid Watt evolve 
the idea of the separate condenser, and he tells in 
one of his letters how the idea came to him while 
walking one Sunday on the Green of Glasgow. It 
seems now almost incredible that previous to this 
more than three-fourths of the steam generated 
was wasted in condensation in the cylinders, 
for whieh there was no remedy until the idea of 
separate condensation (lashed across the mind 
of Watt. Condensers are used for all engines 
except- those of the locomotive type, and some of 
the smaller high pressure kinds, jet condensers 
in many eases, and surface or tubular condensers 
for marine engines. 

The First Steam Engine. Watt also 
made the first steam engine when he employed 
the elastic force of steam in place of that of the 
atmosphere to push the piston down, still, however, 
creating a vacuum below it by the condensation 
Of steam. This was Watt’s jingle -acting engine. 
Afterwards (1784) he made the first double -acting 
engine, by employing steam pressure alternately 
on each side of the piston, creating at the same 
time a vacuum on the side opposite to that against 
which the pressure was exercised. Thus, the extra 
weight on one end of the beam required to raise 
the piston up was abandoned. 

The Steam Jacket* Watt applied the first 
steam jacket, for he clearly understood that the 
’‘steam vessel ” (the cylinder) must he kept as 
hot ns the steam that, enters it, by enclosing it in 
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non-conducting materials, or by surrounding it 
with steam, or by not allowing water or any other 
substance colder than steam to enter or come in 
contact with it. The way to do it was by no 
means apparent at once. One curious attempt 
was the following : He observed by experiments 
with a small model that the cylinder condensation 
was greater than in an actual engine, and that 
suggested to him the making of cylinders of had 
conduction, wood for example. Ho made one, 
therefore, in wood, with a 6-in. bore, and 12-in. 
Htroke, soaked in linseed oil, and baked. This did 
not answer to his liking. 

Other Improvements. He also applied 
the air-pump to draw out any air present in the 
condenser, and whieh would impede the working 
of the engine. He cut of! the steam at part stroke, 
causing it to work expansively, and took indicator 
diagrams. Figure 2 
is a diagram which 
formed a portion of 
Watt’s patent of 
1782, in whieh the 
expansive action of 
steam is illustrated. 
The description is too 
lengthy for quota- 
tion, hut the diagram 
shows that steam at 
a tmospherie pressure 
is admitted to the 
upper side of the 
piston for a length of 
2 ft. to the point A, 
in a cylinder 8 ft. in 
length, and then out 
off. The figures in 
the curve of expan- 
sion represent the 
gradually diminish- 
ing pressure of the 
steam until it reaches 
the point of ex- 
haustion at 20, where 
it is one-fourth of the 
initial pressure*. The 
jacket around the 
cylinder will be 
noticed, and also 
the general arrange- 
ments of inlet and 
exhaust passages, covers, stutling-box, piston, with 
its junk ring, all of which look odd by comparison 
with present practice. 

He effected improvements in the automatic 
working of valves, applied parallel motions in 
place of the chain at the arch head of the old beams, 
invented the “ centrifugal regulator,” or governor, 
used oils in place of water for lubrication, and 
designed glands and stuffing-boxes, all of whieh 
are embodied and vastly developed in present-day 
practice. 

The First Rotative Engine. But up to 

1781 no Watt engine had been made rotative. 
There was reciprocating motion only ; the piston, 
moving downwards, dragged the pump -rod up- 
wards, and vice versa. Of course, the crank was 
known, being as old as the lathe, but its application 
to the steam engine had already been patented, 
and so when Watt desired to make rotative engines 
he devised the famous sun and planet motion [3]- 
This was one only out of half a dozen devices 
with the same object which were born in his in- 
ventive mind. He would have used the crank, 
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but that his rival Hornblower had patented its 
application to steam engines. The sun and planet 
motion is only a mechanical curiosity now. But 
it must be remembered that before the time of 
Watt the necessity for rotative engines had not 
arisen. Almost ail the old engines were used for 
pumping water out of mines ; the long rods, or 
spears , were just attached directly to one end of the 
great beam, and partook of its up and down motion. 

It was in 1781 that Watt, took out the. patent for 
converting the reciprocating into rotary mot ion to 
the wheels of mills or other machines by means of 
the sun and planet motion, an ingenious device 
long since superseded by the 
crank. An engine fitted thus 
[3] is at South Kensington. 

The place of the pump rod at 
the end of the beam was 
taken by a connecting rod, 

A, at the lower end of Which 
a cog-wheel, B (the planet 
wheel), was lixed, so that it 
could not turn. Tts teeth en- 
gaged with those of another 
wheel, C, a sun wheel, fixed 
on the shaft of the wheel 1), 
free to rotate and made to 
rotate by the movement of 
the planet wheel around it. 

A pin, a, projecting from the 
back of the planet wheel, and 
guided by a. groove in I) 
maintained the toothed 
wheels in contact. Later 
came the crank as we now 
know it, and with this last 
improvement Watt left the 
beam engine essentially as it 
exists to-day. Watt and his 3. 
partner Boulton made engines 
for the mines, and for flour mills, an 1 founded th *. 
Soho works near Birmingham, which, remodelled, 
stili remain in existence. 

The Oldest Steam Engine in the 
World. This [41 is one of the first, two con- 
structed by .lames Watt, in 177(1. It remained in 
regular service from that period till 1898, a period 
of 122 years. It was 
built to the order of the 
Birmingham Canal Navi- 
gations, and was removed 
in 1898 and re-erected at 
the Ockcr Hill Pumping 
Station, to be preserved 
as a priceless relic of early 
engineering. The cylinder 
of tin’s engine is 32 in. 
diameter, and the piston 
has 'a stroke of 8 ft. It has 
the old areh head, and 
chains at each epd of a 
wooden beam, and ante- 
dates Watt’s famous in- 
vention of the sun and 
planet motion, the parallel 
motion, and the governor. 

This venerable relic must 
have been familiar not 
only to Watt and his 
partner Boulton, but to his great contemporaries, 
Bennie, Telford, Smcaton, and Murdoch. An 
interesting incident is, that when this engine was 
superannuated in 1898, the Birmingham Canal 
Navigations gave the order for the new engine to 



4. THE OLDEST STEAM ENGINE IN THE WORLD 


PRIME MOVERS 

t ike its place to the firm James Watt k Co., of 
Soho, the successors to the original firm, who began 
business in 1771. These now engines, erected 
at the Walsall pumping station are up-to-date in 
all respects, are of vertical typr, triple expansion, 
of 210-horse power, and have a pumping capacity of 
1 2,713,000 gallons per day. Over 500 pumviing 
stations have been supplied with engines from 
Soho. 

Watt Engines and Modern Engines. 

The engine as James Watt left it, though deemed 
a giant, at. that period, was nevertheless an over- 
grown, heavy weakling, clumsy in its movements, 
and terribly wasteful in its 
steam consumption. Com- 
paring the engines of to-day 
with the best of a hundred 
years ago, we find that from 
six to eight times the quantity 
of coal which is burnt now 
would have to be burnt if the 
old engines had survived. The 
annual coal bill for large mill 
engines, railway locomotives, 
and marine engines now' runs 
into enormous figures. If 
hose sums had to he multi- 
plied by from six to eight 
limes, the cost would be 
prohibitive, and , the economic 
reactions on society would be 
difficult to forecast. 

Readers will be able to 
appreciate the following 
comparisons between the old 
engines and those which em- 
body the best designs to-day. 

The patriarchal engines 
often broke down, required 
constant attendance, and 
though so massive, they suffered from const it utional 
weakness; they were asthmatic, wheezy, uncertain 
in action, huge giants who, consuming vast quantities 
of coal and water, gave little in return. Tn May, 
1775, Mr. Boulton wrote to James Watt about a 
new engine which the firm were building: “The 
engine goes marvellously bad. It made eight 
strokes per minute, but 
upon Joseph’s endeavour- 
ing to mend R, it stood 
still. Nor do I at present 
see sufficient cause for its 
dulncss.” In 1782. Watt, 
writing of a ( Va nish engine 
by Hornblower, said : 
“ When they have got a 
very strong steam it will 
make twenty-one strokes 
in three minutes, but then 
comes to rest, a ml must 
stand five minutes before 
il gets strength enough to 
make another stroke, 
and all the while, they 
must tire away as.hard as 
ever they can, otherwise 
it will not work at all.” 

Now there are many 
engines to-day of which it 
is literally true that they might bo started and left 
to run for a year without being touched by the 
attendant. The engines of a liner continue working 
during the whole of the voyage from port to port. 
Engines for electric lighting continue in motion for 
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many months in succession. The fact that a loco- 
motive makes a run of from 100 miles to 200 miles 
without a stoppage is considered marvellous. But 
that, though rather remarkable, is fairly eclipsed 
by some colliery engines, and engines employed in 
electro-deposition, which are stopped only once a 
year, while blast engines run for even longer 
periods, 

Engine Power. Vast power is exerted by 
the modern engines. A horse power is equivalent 
to the lifting of 33,000 lb. 1 ft. high per minute, 
or 1.980, 000 lb. lifted 1 ft. high per hour. A 
50-horse power engine was a giunt a century ago. 
At the present time the myriads of spindles 
in the large cotton mills are driven by engines 
the power of which ranges from 1 ,000-liorse 
jfower to 3,000-horsc power, or even 4,000-horso 
power. One particular set of engines of 3,000-horse 

{ ' )ower in a mill in Bombay weighs 520 tons, the 
>ig rope driving-wheel, 121 tons. Eight boilers, 
*7 ft. 6 in. in diameter and 28 ft. long, are kept 
'constantly gojng to supply steam to these gargan- 
tuan engines, at a pressure of 180 lb. per square inch. 
They consume 24 tons of coal in the day’s work. 
Yet 1J lb. of coal yield a horse power for an hour. 
If these engines were so wasteful as those at the 
begihning of the century they would consume about 
160 tons in the day’s work. The engines of a 
liner such as the Campania do the work of 30,000 
horses. A locomotive engine is a mite beside these, 
for its strength is only equal to 800 or 1,000 
horses. The firm of James Watt & Co., of Soho, 
were naturally the principal makers of marine 
engines during the earlier period of their develop- 
ment. Though up to 1854 the firm had manufactured 
in all 319 marine engines of an aggregate 17,438 
nominal horse power, or 52,314 actual horse power, 
yet in the 79 years thus covered the total horse 
power was not equal to that of the combined 
engines of the Campania and Lucania, or of the 
engines of one of the new Cunarders, the Lusitania 
or tho Mauritania. 

Moreover, at the end of the eighteenth century it 
was impossible to bore a cylinder true. No machine 
was in. existence which would plane or shape or slot 
metal. There was no true master screw in existence. 
The elements of the self-acting lathe had only just 
been put on a practical basis by Maudslay. There 
was no method of measurement which was precise 
and reliable. 

The Boilers. But these truly magnificent 
engines are, after all, only means for the utilisation 
of heat. Behind these arc the essential boilers in 
which the necessary heat is generated in the form 
of gaseous steam. The history of the growth of the 
steam boiler is fully as interesting as that of the 
engines, though to the general reader it is a sealed 
book. Here arc some leading facts. In the time of 
Watt tho pressure of steam did not exceed from 
4 lb. to 6 lb. on the square inch, and there were 
no tubes for increasing the efficiency or heating 
surface. To-day, pressures of 00 lb. and 80 lb. are 
Vow. Locomotives are worked to 150 lb. and 160 lb., 
marine boilers to 180 lb. and 190 lb., while the 
water-tube boilers are worked easily to 250 lb. Tho 


early boilers were of cast iron, sheet iron, and even of 
wood. There are few boilers now’ which are not mode 
of steel. 

At that time, Great Britain had accomplished 
little in the manufacture of wrought or bar iron. 
The fact now seems scarcely credible that during the 
period in which Watt had been improving the 
steam engine, and Hargreaves, Arkwright, Cromp- 
ton, and Cartwright inventing their wonderful 
machines, the country should have been dependent 
upon America, Russia, and Sweden for bar iron. 
Not till 1784 had Henry Cort perfected the system 
of puddling and rolling for the production of 
malleable iron. Though high pressures were neces- 
sary fully to develop the power of tho now motor, 
boilers could not be made to endure them. When the 
eighteenth century closed there were no Cornish or 
Lancashire boilers in existence, no multitubular 
marine, or “ Scotch ” boilers, no multitubular 
boilers of any kind working commercially, no boilers 
of steel, very few of wrought iron. The horizontal 
boiler of the egg-ended typo was beginning to bo 
built about 1800. previous to which the waggon 
boilers had been used. Those were the days of cast- 
iron boilers, and very low pressures. Power was 
secured by using largo cylinders. Mechanical stoking, 
though patented, was as yet impracticable 

Without the multitubular boiler, neither tho 
locomotive nor the ocean steamships could have 
been possible. Yet in spite of increased pressures, 
which, like high speeds, long alarmed timid people, 
the boiler to-day is vastly wafer than the weakling 
of the early half of the last century. The records of 
our well-cared-for locomotives and steamships show 
that, tho highest pressures are absolutely safe. In 
fact, an explosion now can never be due to accident 
or to any mysterious cause. It is wholly preventable, 
and when it happens is due to neglect, and this is 
the proper view which the Commissioner to tho 
Board of Trade enforces by lines. 

Later Developments. Meanwhile, a race 
of engineers had arisen, contemporaries and suc- 
cessors of Watt, whose work has left permanent 
results. The idea of using two cylinders, high and 
low pressures, for the expansion of steam was advo- 
cated by Hornblower in 1781. Later, Woolf, and 
then McNaught, adopted the same principle, 
whence the modem compound engine lias developed. 
The principle is commonly applied to land and 
marine engines, and now rather extensively to 
locomotives. Its highest development is in tho 
marine engine. But not until 1869 did compound 
(two-cylinder) engines begin to displaco single 
cylinder engines on the ocean liners of the Atlantic, 
nor triple expansion, engines till 1884. 

The modifications made in the steam engine to 
qualify it for special services will be illustrated in 
this course. They include the factory, and the 
high speed central station types ; tho marine and 
locomotive, and tho rotary engines, including tho 
steam turbines. There are also the internal com- 
bustion engines, using gas of various kinds, and oil, 
in which great developments have been made during 
tho last half-dozen years. Afterwards tho generators, 
the boilers will be considered. 


Continued 
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P\ RAWING is the chief medium through which 
the architect expresses his intentions, not 
only to his clients but to the contractors, and to 
the various tradesmen whose work it is one of his 
duties to direct and supervise. 

Instruction in the art of drawing is an 
important part of an architect’s education, and 
it is essential to his entire sueoess in his pro- 
fession that this should be thorough and complete. 
In the early stages of this instruction the student 
must acquire a knowledge of the construction and 
use of scales, and a mastery over the instruments 
which are necessary to enable him to make draw- 
ings accurately to scale. 

Scales. The student is recommended to 
read carefully the introductory remarks upon 
Engineering Drawing on pages 2788-9, with 
reference to scales and instruments. For certain 
purposes, architects use a scale of ^ in. — 1 ft., 
or , full size : the other scales in ordinary use 
are J in., f in., \ in., 1 in., II in., or 3 in. — 1 ft. 
Occasionally other scales are used, such as 
x \ in. or l in. -= 1 ft., but they are less convenient. 

“For laying down block plans of sites for sub- 
mitting to local authorities, a scale of At in. — 1 ft. 
is often required, which is equivalent to 
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2. SCALE OF FEET AND INCHES 
3 in. - 1 chain ; and for laying down plans of 
large estates A f in. and fa in. - 1 ft. are also used. 

Architects use both open divided scales and 
fully divided scales ; the latter are particularly 
serviceable in the case of scales of J in. — 1 ft. 
and upwards. It is of t he utmost importance that 
a scale shoqld be divided with the greatest 
accuracy, as any irregularity will be reproduced 
in every drawing made with it. The scale is 
usually divided on both edges, and the same scale 
may bo indicated on both, or two separate, scales 
may bo shown, such as J in. and .J in. — 1 foot. 

Delineating Scales. It is very desir- 
able that every drawing, except those drawn full 
size, should have the scale to which they are 
made drawn upon them, and not merely described 
in words. This enables any dimension to be 
read off, with the help of a pair of dividers. In 
contructing such a scale on paper, the boxwood 
or ivory scale may be used for marking off on 
this paper the main divisions, but subdivisions 
should be redivided with a pair of spring bows 
to ensure accuracy. Such a scale is usually 
arranged as an open divided scale. A scale that 
is intended for reading long dimensions in feet 
should be divided so that the point 0 lies 


between the part of the scale divided into mul- 
tiples of a foot and the part divided into 
multiples of 10 ft 11] ; hut it is sometimes drawn 
with the 0 at the extreme left hand of the scale, 
and the; first 10 ft. only subdivided; this 
leads to confusion in reading off dimensions, hut 
would be correct if the scale were fully divided. 
In the same way, where a scale is required for 
reading feet and inches, the 0 should Ik; placed 
between the part of the scale divided into inches 
and the part divided into feet [2|. 

How to Make an Accurate Scale. 
Where dividers are used for setting out a scale 
on paper, it is not sufficiently accurate to set 
the dividers so as to correspond with a single 
division on the standard scale, and set out the 
scale from this unit; for if there is any error in 
taking off the dimension, this, which may be 
inappreciable in a single unit, may become 
serious if repeatedly multiplied. The whole 
length of the scale, or at least a long length, 
should be first marked on the paper, and 
then subdivided. For example, if a scale 
of J in. to a foot to read (50 ft. is to be 
drawn, the length required for 50 ft., which is 
Of in., is accurately marked by means of a scale 
or rule, and is subdivided into 5 equal parts, 
and marked from 0 to 50 ; an additional length 
equal to 1 part, which is 10 ft., is marked off to 
the left of the 0, and subdivided into 10 parts, 
or feet. Even with the greatest- care there may 
be a very trifling error between the exact length 
of successive feet, owing to irregularities on the 
paper and the thickness of the dividing lines ; 
but such an error, if it exists, will not materially 
affect the accuracy of a long dimension. 

The Scale with Minute Divisions. 

Where the parts into which a scale is to be 
divided are so minute as to make it impracticable 
to indicate them side by side* in a single line, 
a scale may be made by using several nddi- 



3. METHOD OF DIVIDING A SCALE MINUTELY 

tional parallel lines exactly equidistant [3]. The 
number employed must be selected so that it will 
exactly divide into the number of subdivisions 
required ; the quotient resulting from this divi- 
sion gives the number of parts into which thG 
top and bottom lines are divided. Diagonal 
lines are drawn from one division in the top 
line to the next division in the bottom lino 
intersecting the intermediate ones. 

As an example : If a line J in. in length is 
required to be divided into 30 subdivisions, 
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there would be more than can be conveniently 
shown on a single line [31. If five additional lines 
be drawn — 6, and the top and bottom lines 
are subdivided into six equal parts, and the 
diagonals drawn, the first diagonal cuts the line a 
at a distance equal to 1 part from the end of 
the scale, the line b at a distance equal to 2 parts, 
c at 3 parts, d at 4 parts, e at 5 parts, so that any 
of these may be read off. Tn the same way, by 
using the correct line, any number of parts 
between 5 and 10, 10 and 15, and so on, may be 
scaled off. 

Beyond the preparation of drawings of a 
geometrical character to scale, the accomplished 
architect must acquire facility in freehand 
drawing from the round, including some know- 
ledge of drawing from the human figure, and 
must also be acquainted with perspective draw- 
ing. These subjects have been already dealt 
with in previous articles. 

Drawing-boards. For much architec- 
tural work drawings may be made on paper of 
imporial size and an imperial board is largely 
used, and is more handy than the double- 
elephant size. Occasionally, for large plans, the 
"size known as antiquarian, 53 in. by 31 in., is 
necessary, but it is unwieldy. The best boards 
are of pine, with mahogany battens at the back, 
secured by screws in slots, to prevent warping. 
One edge is provided with an ebony strip, against 
which the T-square works. 

T-squares are used to draw' parallel horizontal 
lines across a board. They have a thick cross- 
piece forming the head, one side of which works 
against the edge of the drawing-board. In the 
best squares this edge is also formed of ebony. 
The blade is secured to the head by screws and 
ebony dowels, so as to lw> at right angles to it, 
and is long enough to extend the full width of 
the board. This also in the best T-squares, 
which are made of mahogany, has the working 
edge of ebony, but the cheaper form of T-squares 
arc usually made wholly of pear -w ood. 

Set-squares. Set-squares are triangles of 
which one angle is a right angle, and they are 
used for drawing parallel vertical lines ; the 
lower edge works upon the edge of the T-square, 
which is held firmly in position against the 
edge of the board. The upright edge of the set- 
square will always be truly vertical. The third 
side is inclined at an angle with the other two. 
The square is usually made so that the angles 
between the inclined and vertical sides are each 
45°, or are 60° and 30’ respectively. Some- 
times squares are made to give angles of 
50° and 40°, and a square having angles of 63 J° 
and 26} 3 is also serviceable. The latter is the 
angle of a quarter- pitch roof, and the former 
is the angle of the diagonal line , by which 
the height of the back portions of a building are 
regulated by the London Building Act, and the 
vertical side of such a square equals twice the 
length of its base. By shifting the position of 
the T-square, lines may be drawn parallel to each 
other with the assistance of a set-square, no 
matter what anglo they make with the horizontal. 
Set-squares are made of thin, triangular pieces of 
pear- wood, vulcanite, or celluloid, with a hole 
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rforated near their centre by which they may 
hung up. They are also made in mahogany, 
not solid, but framed of three strips, the centre 
being open ; the edges of these are bevelled, 
and formed of ebony. 

Drawing Paper. Drawing paper may be 
obtained of various sizes, thickness, and quality 
for various purposes. Cartridge paper of a 
buff colour and rather absorbent is used for 
details and preliminary and rough sketches, but 
cannot be relied on to take colour well nor to 
stand much hard wear. A thin, tough detail 
paper may be used in the same way. For 
drawings to be finished in pen and ink and 
colour and for all drawings in which much work 
is required, a letter class of paper is required. 
For pen and ink work, Whatman’s “ hot-pressed” 
and Joynson’s “ smooth ” are suitable, and for 
colour work, Whatman’s “ not hot-pressed ” and 
.Joynson’s “cold pressed.” These papers are 
supplied in sheets imfjerial size 30 in. by 22 in. ; 
double elephant, 40 in. by 27 in. ; antiquarian, 
53 in. by 31 in. ; and in continuous rolls of 50 yd. 
long, 30 in . , 40 in . , 54 in. , or 60 in. wide. Numerous 
other drawing papers are on the market. 

Tracing Paper and Tracing Cloth, 
Tracing paper may also be obtained in standard- 
sized sheets or in continuous rolls. Such paper, 
if it is to bo used for working out pencil drawings, 
or if it is to be subjected to hard wear in a 
building or in a workshop, must be tough ; it 
must also be transparent, so as to allow of any 
drawing over which it is placed being readily 
discerned for tracing. This is also necessary if it 
is to be used as a negative for reproducing by 
a sun-copying process. 

Tracing doth is made from fine linen rendered 
transparent, and is tougher and more reliable 
than tracing paper, but, on the other hand, is 
less transparent, and if coloured is liable to 
shrink unevenly. It has usually one side highly 
glazed, the other side dull. The latter is usually 
used for drawing upon, the former for colour. 
This cloth does not take either ink or colour very 
readily, and should be rubbed over with a little 
powdered chalk before drawing, which makes the 
ink take better ; the drawing should be tightly 
pinned to the board when colour is applied. A 
little ox-gall may be mixed with the colours. 

Pencils and Indian Ink, Lead pencils 
are used in making all drawings. They vary 
much in intensity of blackness, the range from 
very hard to soft being H.H., H, F., 

H.B., B., B.B., B.B.B., but pencils marked 
with the same letters differ somewhat with 
different makers. Drawings to £-in. scale and 
upwards are often finished in pencil, but drawings 
to a smaller scale are finished in Indian ink. 
This may be obtained in sticks, and is then 
rubbed up in a palette with a little water as 
required until quite black, or it may be obtained 
in a liquid form in bottles ready for use. It is 
important that the ink used should be quite 
black and opaque, especially if the drawing or 
tracing is to be reproduced so as to secure a 
good print. It is also important to secure an 
ink that, when once dried, will not wash up when 
colour is spread over it. 
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It is the general custom among architects to be made in elevation work to indicate the 
use a rather thick, bold line, but the scale of the materials used except so far as this can be 

drawing must to some extent regulate this. indicated by joint lines, and therefore notes as to 

Lines must be well drawn, of even thickness, and 
carried well up to all angles, and in some styles of 
drawing they are run a little beyond the angles. 

Lines are sometimes formed by a series of dots, 
where the work indicated by the line is not in 
such a position that it would really show upon 
the drawing, but it is nevertheless desirable to 
represent it. Lines indicating dimensions may be 
shown by very fine or by dotted lines, or with drawings. Each drawing should have a key to 

red or blue ink, and drains are also often explain the system used, as shown in 4 . 

represented in red ink for soil drains, and Hue ink Drawings must be cleaned before colouring, and 
for rainwater drains. Brown ink is occasionally unless the ink is quite fast, should be washed over 
used for making drawings in place of black ink. with clean water and dried off with clean blotting 
Colouring Drawings. Most geometrical paper. Large washes should be laid on with a 
drawings arc coloured conventionally — i,e., no large brush full of colour, care being taken to 

attempt is made in colouring to represent the sce that an ample amount of colour is ready to 

real appearance of the building, but the complete the wash. Where two colours are com - 

colours are used according to a definite scheme hint'd to form a tint the mixed colour should be 

in which certain colours represent certain constantly stirred to prevent them from separat- 

matcrials ; but drawings in elevation, especially big. ^ erasures have been made in the drawing, 

if they are to be shown to the client, an* often the colour will be soaked up and a dark patch 

coloured to correspond as nearly as may be to formed: this may be prevented by using a piece of 

the colouring of the materials employed. clean blotting paper, with which the spot is lightly 

The following schedule gives a list of touched and the excess of colour taken up. 

several of the more important materials used Preliminary Sketches. In preparing 
in building, end the colours generally employed a set of drawings for a building, especially 

to represent them in elevation and in plan or if it is of a considerable size, it is usual to 

section; but while the colouring is conventional, make the earliest sketches to a small scale, 

there is still room for the exercise of a good say in. to 1 ft. This enables the general 

disposition to be worked out with 
considerable accuracy, and makes the 
drawings more manageable than if 
they were drawn at once to a larger 
scale. A loginning is made with the 
plans, on which the accommodation 
required must be arranged and re- 
arranged to scenic convenience of 
access between the various parts, 
suitable aspects and compliance with 
the requirements of the client ; but 
from the lirst the effect of the plan 
upon tlie elevation must not be lost 
sight of, and these and the sections 
must be prepared before any final 
settlement of the plan is made. It 
is very desirable also at an early 
stage to make at least a rough per- 
spective view of the proposed building, 
from which the grouping and arrange- 
deal of taste in selecting the exact tints which ment of the masses may be judged. Where such 
are to be applied to any set of drawings. sketch plans are prepared on paper, it is often 

Hatching on Black and White Draw- desirable to keep a record on tracing paper of 

ings. Drawings that are to be reproduced any arrangement of a plan or elevation that 

in black and white, such as those illustrating seems to give satisfactory results, even though it 

this article, cannot bo coloured, and where may seem desirable to seek for an alternative one. 
the main walls are uniformly of one material [H u sef u l for comparison and may contain 

they may be blacked in solidly, or where two or some point which may lie embodied in another 

more materials are used, these may be indicated scheme, or it may in some cases prove, after all, 
by the use of hatching — that is to say, a series to be tin; best solution. 

of parallel strokes close together, either uniform The preliminary drawings may l>e carefully 

in quality but differing in direction, or varied in finished in pencil or ink, and coloured and sub- 

quality. Examples of these are shown in 4 , and mitted to the client for consideration, and, when 
their use will be further illustrated in the succeed- approved, possibly after being modified, they 
ing article dealing with details. No variation can form the groundwork for the general drawings. 
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Material 

Shown in elevation by 

shown in ttoii by 

Brickwork built, in 

Light red, or Venetian 

Same colours used 

mortar 

red. or crimson lake, 
light wash 

darker 

Brickwork built in 

cement 

As above 

Purple 

Stone 

Yellow ochre, pale or 
left white. 

Indigo 

Wood (unwrought) . . 

Indian yellow, pale . . 

burnt sienna 

Wood (wrought) 

Sepia or Vandyke 

The same colours. 


brown 

darker 

Plaster 

Yellow or green, pale. . 

blue-grey v 

Omont floors 

Grey 

The same colour, 
darker 

Ironwork 

Prussian blue, light . . 

The same, colour, dark 

Concrete 

[ Payne’s grey, light . . 

The same colour, dark 

Lend work or zinc work 

ltluish green 

The same, darker 

Copper 

Green 

Orange 

Slates 

Greenish grey 

The same colour, dark 

Tiles 

Purplish red 

The same colour, dark 

Glass in windows 

Grey or lampblack, 
light. 

In details Hooker's 
green 


HEY FOR MATERIALS IN SECTION REPRESENTED 
ON THIS DRAINING 


MEL MUM SSL mz 

4 . METHODS OF HATCH f\(J 


m a t e r i a l h 
m u s t be 
more copi- 
ous. This 
method is 
rarely used 
for ordinary 
working 
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MEDICINE AS A PROFESSION 

The Medical Profession as a Career. Its Branches. Exaninations and 
Study. Private Practice. Army and Navy Services. The Specialist • 


THE MEDICAL PROFESSION 

IT is undoubtedly a mistake for a boy to be forced 
* into the medical profession against his will. 
The preparatory study is arduous, the duties are 
exacting, and, to those not interested in it, the 
work may be repulsive. On the other hand, the 
blending of human with scientific interests makes 
it fascinating to many. But, as the “ Lancet ” says, 
“ if only lads who feel an overwhelming call to 
heal the sick bo regarded as fit and proper aspirants 
to the practice of medicine then we should at 
once have our schools deprived of hundreds of 
young men of the best sort,.” With many such, 
though the preliminary steps may seem tedious, 
interest awakens with increasing knowledge, for 
“ ns the mysteries of medicine become clearer 
their labours will become more absorbing.” 

The chief requirements are great industry, good 
average ability, good health, the gift of getting on 
with people, and moderate capital ; and of these, per- 
haps, the greatest is industry. Brilliant talents will 
naturally help, but they cannot replace systematic 
study; the steady student makes the “ safe ” doctor. 

The Medical Student. To become a 
student of medicine it is necessary to pass a 
preliminary examination [see Schedule J. 

Before entering for this the student should 
decide if ho intends to try for a University degree, 
because in that case he must select the examina- 
tion held by the University at which he wishes 
ultimately to graduate. If he means to be satisfied 
with the diplomas M.R.O.S., L.R.C.P. (Member of 
the Royal College of Surgeons of England and 
Licentiate of the Royal College of Physicians, 
London), lie will lind the one held by the College 
of Preceptors the simplest of these examinations. 
The Licentiate of the Society of Apothecaries 
(L.S.A.) is an easier diploma to obtain, but its 
status is not nearly so good. 

The Schedule of Examinations at the Universities 
of Oxford and Cambridge is similar to the one given 
on the next page, but the degree of M.D. is given 
for a thesis and not by examination. The fees are 
rather higher. 

The student should enter a medical school attached 
to a hospital. It is outside the scope of this course 
to recommend individual schools. Such is the 
loyalty of a medical man to his old school that 
he will almost invariably be found to recommend 
his own if his opinion he sought. The chief points 
to look at are the facilities offered for the practical 
i^udy of disease, the character of the teaching 
provided, and the general reputation of the school. 
We shall speak here chiefly of t he schools in London : 
but with minor differences the facts will apply to 
the Scotch, Irish, and provincial schools. 

Entering the School. In order to enter a 
school the intending student should call on the 
Dean or Warden, bringing with him a certificate 
showing him to have passed the preliminary 
examination and a certificate of birth. He 
then pays the entrance fee and signs the register 
of students, promising to conform to the rules 
and regulations of the hospital and medical 
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school. He receives a certificate of having begun 
medical study. The best time for doing this is at 
the beginning of a session — in April or October. 

The candidate should register himself as a medical 
student at the offices of the General Medical Council, 
290, Oxford Street, W. Strictly speaking, this is 
not necessary, but it is so simple and convenient a 
way of proving his status that it should be done. 
The student has only (o send the certificate given 
him by the Dean and ho receives a copy of the 
entry in the register, which ho should keep. There 
is no fee for this. 

The minimum time of study required is five years, 
but it must he remembered that this does not take 
into account any loss of time from failure to pass 
any part of the examinations, or for the extra time 
required for the higher degrees. The student may 
be surprised to find that for the first two years ho 
is not taught any medicine or surgery, but only 
the sciences introductory to them. The rourso of 
study is divided into three main periods, each end- 
ing with an examination. We will suppose, in the 
first instance, that lie. is preparing for the diplomas 
M.R.C.S., L.R.C.P., and afterwards describe the 
additional courses required by more ambitious 
students. The first time each subject is mentioned 
the title of the most suitable book for its study 
will be given in brackets. The time will be spent 
in this way . 

The Course of Study. The first year 
will be devoted to preliminary scientific sub- 
jects — chemistry, physics, and biology. Supposing 
the student to enter, as is most usual, in October, 
he will have to attend lectures and practical 
work in chemistry (Luff's “Chemistry.” Cassell. 
7s. fid.) and lectures on physics (Corbin and 
Stewart’s “ Handbook of Physics .and Chemistry.” 
Churchill, fis. fid.). Some previous knowledge of 
chemistry, such as is given in many schools to-day, 
will be a considerable help and will enable the 
student to employ more of his time in the more 
medical subjects. He will also attend lectures 
anil practical work in biology (Mitchell’s “ Outlines 
of Biology.” Methuen, fis.). He will begin tho 
study of anatomy by learning the bones of tho 
body, and then pass on to dissection (Cunningham’s 
“Practical Anatomy.” 2 vols. Pentland. 23s.). For 
this he will require a set of dissecting instruments 
costing about £ I ; and it will be well if he can buy 
a set of bones for himself at a cost of from 2J to 
3 guineas. At tho end of the winter session, in 
March, he should pass his examination in biology. 
During the summer session ho will continue to work 
at chemistry and begin tho study of physiology 
by learning the minute structure of the tissues of 
the body — i.c histology (Schafer’s “ Essentials of 
Histology.” Longmans, 9s.net.). For this purpose 
he will need to buy a microscope if he has not 
already purchased one for his biological work. 
We recommend Leitz’s six - guinea micro- 
scope ; but in any case it should be one that is 
capable of having more elaborate lenses added to 
it later for bacteriological work. To buy a cheap 
instrument which can never be adapted for advanced 
work is very false economy. In July the student 





should be ready to pass his examination in 
physics and chemistry. 

The second year is devoted to intermediate 
subjects — anatomy, physiology, and pharmacy. 

Though the study of anatomy and physiology 
begins during the first year, it is the second winter 
session which must be most seriously devoted to 
these important subjects, which are the very 
foundations of medical science. Usually there 4 are 
four lectures in anatomy and three in physiology 
to be attended each week. .Six hours a week will 
have to he spent in the physiological laboratory, 
and the remainder of the time (at least 18 hours) 
must bo devoted to dissection. 

For this purpose the body is divided into five 
parts, each student being allotted a part in turn. 
A charge of 15s. is usually made for each. Mean- 
while he is learning from physiology { Starling's 
“ Elements of Human Physiology.” Churchill. 


MCDICINK 

12s. Gd.) the way in which the healthy body does 
its work. He will then be able to appreciate those 
departures from healthy action which constitute 
disease. 

In the summer of the second year anatomy and 
physiology should be revised and the study of 
drugs begun (Hale White's “Materia Mcdica.” 
Churchill. 7s. (id. Calvert’s “ Practical Pharmacy 
and Prescribing.” Lewis. 4s. Gd.). The energetic 
student may have found time to begin this during 
his first summer. In duly lie should pass his 
examination in anatomy and physiology, and 
also in pharmacy. 

The third, fourth and fifth years are devoted 
to the final subjects — inedieiifc. surgery, and 
midwifery. 

Study of Disease. Now, the practical 
study of disease begins. While attending lectures 


SCHEDULE OF EXAMINATIONS FOR THE MEDICAL PROFESSION 

Time ami Place of Exam- 

SUBJKir a of Examination. 

Fees and Age Limits for 

ination. Examining Body. 

Subjects that are distinguished under different letters 

Diplomas and Degrees. 

may be passed separately. 


For M.U.C.8., L.IU’.P. 

English. Including Grammar and Composition. 

£1 5s. 

Entrance. 

Latin. Including Oram mar, translation from hutin into 


College or Preceptors. 

English, and from English into Latin. 

Mathematics, comprising Arithmetic, Algebra, up to 
easy Quadratic Equations, (biometry — the first tlirt c 



books of Euclid, with easy deductions. 



Creek, or a modern language. 



(The following examination certificates are accepted in 
Hell of this examination : 

University of London : Matriculation. 

University of Oxford: ltesponsions, Moderations, or 

i 

j 

Colleges of Phxskians 
a\I) Surgeons. 

Jan., April, July, Oct., 

local examinations. 

University of Cambridge : Previous or Local Examina- 
tions.) 

I 

1 

i 

First, examination. 

(a) Chemistry and Physics. 

£10 10s. For re-examination, 


(b) Biology. 

£3 3s. for (a) ; £2 2s. for (b). 

Second examination. 

hi) Anatomy and Physiology. 

£10 10s. For re-examiation, 


(b) Pharmacy and Materia Mcdica. 

£(» 6s. 

Third examination. 

(a) Midwifery. 

£21. For re-exumi nnt ion, 

For F.R.C.S. 

(6) Surgery. 

(c) Medicine. Forensic Medicine, and Public Health. 

in («), £3 3s. ; in (b) or (c) £6 6s. 

Royal college of 
surgeons. 

May and November. 


; £.» :»S. 

Primary examination. 1 

Anatomy and Physiology. 

Final examination. 

Surgery. 

£12 12s. On admission a 

, further fee of £13 13s. (re- 

duced to £3 3s. for those 

1 holding M.ll.C.S. diploma). 

25 years 

For M.R.C.P. 

, Medical Anatomy, Principles and Practice of Medicine, 

1 Principles of Public Health, and Psychological 

£0 0s. for examination, £3r 14s. 

Royal college of 

on admission, reduced to 
£10 10s. for Licentiates. 

Physicians. 

! Medicine, Translation from Latin, and either French, 

Every three months. 

Herman, or Creek. 


For M.B.. B.S. 

English. Elementary Mathematics, Latin or Elementary 

£2 

University of London. 

1 Mechanics, or Elementary Physics, or Elementary 

1G years 

1. Matriculation. 

! Chemistry, or Elementary Botany. Two optional 


Jan., June, Sept. 

j subjects, selected from Languages, History, Logic, 


| Physical and General Geography, Natural Sciences. 

£5 

2. Preliminary 

j (a) inorganic Chemistry and Physics. 

Scientific. 

; (b) Biology. 


Jan. ami July. 

] (c) Organic Chemistry. 

£10 

3. Intermediate. 

, (a) Anatomy and Physiology. j 

Jan. and July. 

! (b) Pharmacology. _ 1 

£10 

For re-examination, £5. 

4. Final. 

Oct. and May. i 

1 

; (a) Medicine, General Pathology, Forensic Medicine, < 
i and Hygiene. ! 

i {b) Surgery, Midwifery, and Diseases of Women. j 

21 years 

M.D. 

1 One of the following subjects : Medicine, Pathology, 

£20 

Dec. and July. 

! Mental Diseases, Midwifery and Diseases of Women, 

State Medicine. 

25 years 

M.S. 1 

! Surgery, Surgical Pathology and Anatomy, Operative 

£20 

j 25 years 

Dee. and July. j 

Surgery. 
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on medicine (Osier’s “ Principles and Practice of 
Medicine/’ Appleton. 18s. net; or Taylor’s 
“ Manual of the Practice of Medicine/’ Churchill. 
Ids.) and surgery (Walsham and Spencer’s “ Theory 
and Practice of Surgery.” Churchill. 15s.) the 
student starts as a “dresser.” Under tho direction 
of his house .surgeon ho attends to the multitude of 
smaller accidents and surgical ailments with which 
the out-patient room is crowded. Later he attends 
in the same way to the more serious cases in 
the surgical wards, and assists in a minor capacity 
at operations. 

During this time he is attached to the service of 
one of the visiting surgeons, to whom he must make 
himself useful in every way he can. The student 
is usually allowed to select tho “ chief ” under 
whom he will serve. A good chief teaches both by 
example and precept, is regular and systematic in 
his hospital work, and expects system and regularity 
in his dressers. The mental stimulus of a group of 
keen and inquiring students reacts on him, too, 
keeping him alert and progressive in his methods. 
To select an easy-going chief may he pleasant to the 
lazy student, but it is a fatal mistake. 

{Six months to a year should he spent as a dresser, 
hut not consecutively and not necessarily under 
the same chief. After tho first three or .six months 
of dressing, the student passes over to the medical 
wards, where he acts as a “ clinical clerk ” for one 
of the visiting physicians. Here he occupies a 
similar relationship to his chief as in the surgical 
wards. Each physician or surgeon appoints a 
recently qualified student his resident house 
physician or house surgeon, who is in charge of the 
cases between the visits of the chief. It is the 
ambition of every keen dresser and clerk so to 
perform his duties as to obtain this position later on. 

Midwifery. During his third summer session 
the student wifi begin the study of midwifery (Gala- 
bin's “ Midwifery.” Churchill. 15s.) at lectures. 
When he has completed these, together with one term 
of dressing and clerking, he attends confinements. 
Most hospitals have a district where poor women 
art* attended in their own homes. It is ail excellent 
system for both sides— the student has his first 
real taste of responsibility and the patient gains the 
services of one well grounded in his duties, who is 
acting under the supervision of a resident medical 
officer, for whom he is bound to send in case of 
any complication. At least 20 cases must be attended 
by every student, and though this may be done more 
pleasantly, perhaps, at a lying-in hospital, the student 
escapes responsibility thereby and loses an insight 
into the lives of the very poor which is invaluable 
to every medical man. 

By this time the fourth year will have been entered. 
Of this three months should be? spent in the depart- 
ment for the diseases of women (Herman’s “ Dis- 
eases of Women.” Cassell. 25s. ; Berman’s “Difficult 
Labour.” Cassell. 12s. (id.). A course of tutorial 
classes is also held, and after that the midwifery 
part 6f the Final Examination should be passed. 

■ Concurrently with all this the student will have 
his energies taxed by attendance at lectures on 
important branches, like forensic medicine, dealing 
with medico-legal questions (Husband’s “ Forensic 
Medicine.” Si in pk in. 10s. (id.) ; public health 
(Whitelegge’s “Hygiene.” Cassell. 7s. (id.); and 
pathology (Green’s “ Pathology.” Renshaw. 
17s.; Bowlby’s “Surgical Pathology/* Churchill. 
10s. 6d.). Every year the importance of pathology 
— the study of the processes of disease and their 
effects on tie bodily tissues — increases. The student 
must lose no opportunity of practical work, in 

5424 


this department. He must assist in post-mortem 
examinations, he must study diseased tissues 
both in the museum and with the microscope ; 
lie must learn to examine the blood and the com- 
moner microbes. No one who neglects pathology 
can aspire to be up-to-date as a medical man. 

Special Studies. The diseases of the eye 
(Swanzy’s “Ophthalmic Surgery.” Lewis. 12s. 6d.), 
the skin (Malcolm Morris’s “ Diseases of the Skin.” 
Cassell. ] Os. Od. ), the throat and ear, and orthopaedic 
surgery will occupy the time until the fifth year has 
been fairly entered. A fever hospital must be 
entered for two months (fee, throe guineas; for 
the higher examinations three months’ attendance 
is required — fee four guineas). 

The student must also acquire some know- 
ledge of insanity (Savage’s “Insanity.” Cassell. 
Os.) by lectures and by seeing cases at ail asylum. 
He must also take a course of operative surgery 
(Treves’ “ Student’s Handbook of Surgical Opera- 
tions.” Cassell. 7s. Od. ; Treves’ and Keith’s 
“Surgical Anatomy.” Cassell. Os.).* The fee 
for the elementary class is usually one guinea ; 
for the advanced class (for higher examinations) 
five to seven guineas. A certificate of proficiency in 
vaccination must be obtained by attendance at a 
vaccinating station (fee, one guinea). The student 
should also learn to administer an jest he tics. Such 
time as remains will be occupied in obtaining 
experience in the wards and out-patient rooms of 
the hospital. What he sees will be remembered 
better than what he reads. The best method is to 
read up at night the diseases of which he has seen 
examples during the day. Revision classes are also 
held before every examination to refresh tho 
memory. The student should now lie in a position 
to pass the rest of the final examination (medicine 
and surgery, taken separately or together) and re- 
ceive his reward by emerging as a fully-qualified 
medical man. 

As soon as he obtains his first qualification, th" 
medical man must register himself at the offices 
of the General Medical Council, no matter whether 
he previously reported himself as a student or not. 
The fee is £5. 'Ill's is essential, as the Medical 
Reg is'er is the official list of the members of the 
profession. Subsequent qualifications can be regis- 
tered for a fee of five shillings. 

The Higher Examinations. Tho pos- 
session of a University degree is a great help to a 
medical man. The degrees of the London Univer- 
sity necessitate a more prolonged course of study 
than that described above. The whole of the first 
year must be spent on the preliminary scientific 
subjects. Advanced classes in physiology and 
anatomy must be attended, and a course in organic 
chemistry is needed. Two years’ study will be re- 
quired for the intermediate examination. Tho 
final examination is decidedly harder. The degrees 
of Doctor of Medicine or Master in Surgery will 
require about two years’ study after taking the 
degrees M.B., B.S. Students who intend to take 
degrees at Oxford or Cambridge reside during their 
first three years at the University and should pass 
their examination in anatomy and physiology there. 
They enter a London hospital for the final subjects 
only, and a proportionally reduced fee is charged. 
The final examination for the degrees of Bachelor 
of’ Medicine and Bachelor of Surgery resembles 
in essentials that required by the London University. 
The degree of M.D. is obtained by writing a thesis 
and not by examination. 

The Fellowship of the Royal College of Surgeons 
(F.R.C.S.) is essential to anyone taking up surgery as 
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a speciality, and is an excellent diploma for anyone 
to possess in general practice. The subjects of the 
primary examination are anatomy and physiology : 
of the final, surgery. Special classes must be attended 
for these examinations, which are decidedly difficult 
and notoriously uncertain. 

The Membership of the Royal College of Phy- 
sicians (M.R.C.P.) is essential to anyone intending 
to practise as a consulting physician, but it is a 
drawback to general practice. The holder may 
not buy or sell a practice, may not enter into 
partnership nor dispense medicines. He is expected 
not to charge a lower fee than one guinea. 

Expenses Incurred. The London hospital 
fees given in the table below do not include fees 
for courses in fevers, operative surgery, and 
vaccination fs*e above]. Fees in the Scottish, Irish, 
and provincial schools are somewhat lower. 

Beyond expenses incurred for fees, at least 
£10 a year should be allowed, for books and in- 


struments. Backward students may require private 
tuition from time to time ; the fee for a three months’ 
course is 10 guineas. If the student can live at home 
a great saving naturally results, but the great 
majority live in lodgings. Several hospitals have 
residential colleges attached. For the greater part 
of the course it is not advisable for the student to 
live in college, however. Change of air and surround- 
ings is preferable. While working for the final 
examination a short residence in college is profitable 
because it enables so much emergency and night 
work to bo seen. Many of the teachers receive 
students to live with them for an average fee of 
two guineas a week ; this ensures a certain amount 
of supervision. The “ Lancet ” says : “ If a London 
student is careful and orderly, if he selects rooms 
in an inexpensive quarter of the metropolis— not 
always easy to do if his school is placed in the 
West End of London — if ho requires no private 
coaching, and, if, by industry and ability, he is able 
lo make certain of his examinations as the time 
comes for them, he can make an allowance of £100 
* year for five years support him during his educa- 
tional career. But his parents or guardians should 
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remember that if he has no need to have recourse 
to them it is because he has shown considerable self- 
control and has resolutely turned his back upon 
many pleasures, which, however innocent, cost the 
odd shillings that he has never possessed.’* 

How to Enter Upon Medical Practice. 

The newly-qualified man has still much to learn. By 
far the best way of rapidly acquiring experience 
is to hold the post of house physician, or house 
surgeon, for six or twelve months at some hospital. 
It should be the aim of every student to hold one 
of these posts, for no finer training exists. It 
stamps a man in a way which the trained observer 
can generally detect. Living amid his patients 
ho learns to recognise minute hourly changes 
in their condition, so that in after life he can draw 
correct conclusions rapidly and confidently. He 
is responsible for all treatment between the visits 
of his chief, to whom he can always turn in case of 
any difficulty. During the time he holds office board 
and lodging is supplied, and in 
some eases a small salary is paid. 

But hospital practice differs widely 
from private practice. In the former, 
everything is organised and ready for 
all emergencies, the house surgeon 
having merely to order what he 
wants. In private practice consider- 
able ingenuity must he shown in im- 
provising arrangements for the sick 
room, where the orders are not as a 
rule carried out by trained assistants. 
Much more tact and diplomacy are 
required. Delicate family questions 
come up constantly which the doctor 
would never have to face in hospital 
work. And instead of simply doing 
charitable work, his profession has 
now to be conducted so as to yield 
an income. 

Without guidance through this 
maze he may make mistakes that 
will mar his professional chances. 
He must remember that, in general, 
the public are incapable of judging 
bis professional merits, but they can 
appreciate his bearing and conduct ; 
and they conclude that the latter 
is the measure of the former. The 
old system by which the medical 
student was the apprentice of a doctor had many 
grave drawbacks which render it quite unsuitable 
to-day ; but it had one advantage, that he learned 
many of those practical details which cannot be 
taught in hospitals. The best way of learning these 
pointH to-day is to act for a time as a “ locum 
tenons/’ or as an assistant. 

The Locum Tenens. While deputy for 
a doctor the “ locum tenens ” lives in his house, 
receiving board and lodging and a fee of three or 
four guineas a week. A living ran therefore gene- 
rally bo made in this way ; hut it must bo strictly 
regarded as a temporary expedient ; to continue 
to do this long is not to be commended. It is 
more instructive to act as “ locum tenens ” for one 
member of a partnership. From the remaining 
partner he can learn much about the method of 
conducting the practice, and the idiosyncrasies of 
the patients. He must not be surprised if this 
partner selects the best work for himself, leaving 
the residue and the greater part of the night work 
to the “ locum.” 

If there is no partner it is usual for the “ locum ” 
to arrive before the departure of the doctor whose 
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HOSPITAL 

FEES FOR MEDICAL 

STUDENTS IN LONDON 

Hospital 

Fre» 

RfMimikt 

St. Bartholomew's 

£31 10s. entrance fee 
£31 10». annual fee 



or £173 f>». 

If paid in one sum 

Charing Cross 

£ 1 32 Os. 

If paid in five instalments 


or £120 15s. 

If paid in one sum. For the 
sons of medieal men, 115 and 
105 guineas respectively 

St. George's 

£100 

Tn four instalments 


or £150 

If paid in one sum 

Guy’s 

£21 entrance fee 

— 

£31 10s. annual fee 



Kings’ College 

£148 

In four instalments 


or £135 

If paid in one sum 

London 

£130 108. 

If paid in three instalments 


or £126 

If paid in one sum. A reduc- 
tion of 15 guineas to sons of 
medical men. 

St. Mary’s 

£145 

If paid in four instalments 


or £140 

If paid in one sum 

Middlesex 

£152 5s. 

If paid in four instalments 


or £141 15s. 

If paid in one sum 

St. Thomas’s 

£21 entrance fee 

- - 


£31 10s. annual fee 

— 

University College 

£31 10s. 

For first examination 

£52 10s. 

For second examination 


£84 

For third examination 

Westminster 

£120 

If paid in half yearly payments 


or £115 10s. 

If paid in one sum 

Royal Free {for 

£150 

If paid in four instalments 

women students) 

or £140 

If paid in one sum 
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work he is going to do, in order to receive instruc- 
tions. After that he will he dependent on the dis- 
penser, or even the coachman (both generally 
well-informed and discreet) for his information, 
though in some cases the doctor’s wife will stay 
behind to look after things. The “ locum tenons ” is 
bound in honour to consider in every way the 
interests of the doctor he represents. He need 
not be surprised if some patients refuse to see him ; 
the choice of a medical attendant rests with the 
patient, and no man can do much good to a sufferer 
who is unwilling to receive him. He must reflect 
that when he gets a practice of his own ho will 
not care to have his deputy received too gladly. 

Setting up in Private Practice. Many 
men consider it beneath their dignity to act as an 
assistant. With the suppression of unqualified 
assistants by the (jcneral Medical Council, how- 
ever, the position and emoluments of the qualified 
assistant has improved. If he lives with his 
principal he will receive from £120 to £150 a year. 

For a young man there is a good deal to recom- 
mend such a position for n time. Ho sees practice 
and gains experience without risk of capital; he is 
taking no irrevocable step. Some nssistantships are 
held “ with a view to partnership.” 'Phis is a con- 
venient arrangement, allowing the principal and 
assistant to know one another thoroughly before 
entering into the more enduring bonds of partnership. 
An assistant is usually hound by agreement not to 
practise for himself in the district, except in partner- 
ship with his principal. This prevents an unscru- 
pulous assistant from getting an introduction to 
patients and then subsequently diverting them to 
himself. 

Sooner or later, however, the decisive step must he 
taken. But without capital this is difficult. The cost 
of a medical education does not exhaust the ex- 
jienses incurred in entering the profession. The 
ordinary methods are three: (1) squatting; (2) 
buying a practice ; (3) partnership. 

Squatting. Squatting, as it is euphoniously 
called, means taking a house in a suitable 
district, putting up a door-plate, and waiting for 
practice. Jn no case should this be expected even to 
cover expenses in less than three years. It will he 
seen, therefore, that expenditure of capital is really 
involved in keeping up an unremunerative house. 
Moreover, there is a considerable element of risk, for 
after three years the practice may still bo most 
meagre. A town with a lixed population offers no 
scope for this method, which should only be 
attempted in a rapidly 'growing district. Without 
influential introductions the chances are that the 
practice will be drawn from the poorer classes, who 
are not nearly so conservative in the matter of 
medical attendants. Moreover, “ undesirables ” 
who have exhausted their credit with the more 
established practitioners regard the new man as 
their legitimate prey. The young doctor is del igh ted 
with his apparently rapid success until the time 
conies for settling accounts. 

' The custom is for the new doctor to call upon his 
medical neighbours and announce his intention 
of practising. This is rather an ordeal, for, the 
demand for doctors being the same whatever the 
supply, the new-comer can hardly expect an enthu- 
siastic welcome, though, of course, he will have a 
courteous reception. 

There is another method which should be con- 
demned. Occasionally, friendly societies and 
sick clubs advertise for a doctor to settle in a 
town as their medical officer. The salary is usually 
just enough to live upon, and a young man may 


regard this as forming the nucleus to a practice 
which he can develop. But the club only adopts 
this course when it has failed to get the doctors 
in residenqp to accept their terms. The terms 
usually accepted cannot be called extravagant — 
a penny a week for the head of the family, and less 
from the other members. This scale is found to 
yield an average of ten pence a visit, from which the 
cost of medicine supplied must be deducted. The 
services rendered arc therefore in part charitable. 
But from time to time the larger tradesmen and 
employers of labour are found in these clubs 
expecting treatment on the same terms as artisans 
and labourers. Refusal to act. for a club has gener- 
ally been based upon this ground. If the resident 
practitioners object, the club will advertise for a 
medical officer, the aim being to punish them by 
importing a rival. If a man accepts such an 
appointment, he is entirely dependent upon the club 
officials, who will show him scant consideration. 
At the same time he cannot expect cordial relation- 
ship with his professional colleagues. 

Buying a Practice- The best class of practice 
does not often come into the open market, the 
contracting parties being introduced through their 
medical school. An influential member of the 
visiting staff is asked to recommend a suitable man 
whose capabilities ho knows personally. Tn this way, 
a student finds a good reputation at his hospital is 
a valuable asset, while the vendor gets a man whose 
personal qualifies have been appraised in a way a 
medical agent is unable to do. This method is, 
perhaps, more usually employed in obtaining a 
partner than a successor. In whatever way the 
introduction has been effected, however, the practice 
should be investigated by a recognised medical 
agent, who will go through the books and value it. 
No objection is raised, as a rule, to this ; if it is, 
negotiations should cease. For, without any fraudu- 
lent motive whatever, a vendor may take too 
roseate a view as to the extent to which the? practice 
is transferable. A death vacancy is of notoriously 
uncertain value, especially if the preceding illness 
has been prolonged. During this time, a practice 
crumbles away surprisingly. In any case, many 
patients will transfer themselves, not to the new 
doctor, unknown to them, but to one of tho other 
practitioners already established in the district. 

Not more than one year’s purchase should bo 
paid for a death vacancy, and the successor should 
not anticipate holding more than two-thirds of the 
existing practice. 

A much safer plan is where the outgoing prac- 
titioner is willing to give his successor an intro- 
duction by staying on for six months or so. In this 
case, about one and a half years’ purchase is usually 
asked. . • 

Partnership* From a pecuniary standpoint, 
this is undoubtedly the safest plan. It would seem 
to have other obvious advantages, such as a col- 
league’s assistance on all occasions when requisite, 
and greater freedom in getting away. Yet in 
medical practice partnerships seem, as a rule, much 
less successful than in other walks in life. Perhaps 
this is because of the intimate personal relationship 
between doctor and patient into which a third 
person introduces a disturbing clement. Moreover, 
“ partners are not usually equally matched m 
industry, capacity for work, tact, temperament, 
and other qualities indispensable to an intimate and 
congenial fellowship, and are not equally cared 
for Iby the public ” (Cathell). If one partner does 
most'of the work, he chafes at earning money for the 
other, while the latter feels jealous of the superior 
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popularity of the former. Whatever the cause, 
really satisfactory partnerships are unfortunately 
not common. A higher premium is usually paid for 
a partnership than for a simple succession, the 
present price being two to two and a half years’ 
purchase. 

The Daily Round. It is usual for the doctor 
to be at home from 9 to 10 or 10.30 in the morning 
to see patients ; if ho has club or parish patients, 
they should be seen at his surgery then. This gives 
time for the arrival of messages requesting him to 
call. The morning round should start not later than 
10.30, and should be so arranged as to allow a visit 
home in the middle of the morning to collect any 
fresh messages. The necessity for an afternoon 
round will depend on the size of the practice. The 
afternoon is usually the time fixed for consultations 
with other medical men. The doctor should set 
aside certain hours in the evening for seeing patients 
at his house. Many patients not confined to their 
room much prefer this method. The time of the 
next visit should always be mentioned, and should 
not be left vague ; a little tact will generally 
discover tho wislies of the patient as to frequency 
of visits, and will avoid the charge either of being 
neglectful or of undue persistence. It should be 
made clear that for a special visit — that is, one made 
out of the morning or afternoon round — a special 
fee will „ be charged. In this way much time can 
bo saved, and dislocation of the work avoided. 
But midwifery will always upset tho doctor’s 
calculation. Four-fifths of his night work will be 
due to this — the greater number of births occurring 
between midnight and 3 a.m. The fees are much 
smaller in proportion than for any other professional 
work. Yet no young man can afford to decline 
such engagements, as the children become his 
patients, and thereby practice grows. 

The Chances of Success. Sir James 
Paget found that his first thousand pupils met with 
the following degrees of success : 

Twenty-three had distinguished success — that is, 
they attained to a leading position in practice or 
to important public appointments. 

Sixty-six had considerable success — that is, they 
held high positions in the Services, or obtained good 
provincial or country practices, and enjoyed more 
than ordinary esteem and influence in society. 

Five hundred and seven had fair success — that is, 
they possessed a practice large enough to maintain 
them m adequate style, or the tenure of an ad- 
vancing position in the Services. 

One hundred and twenty-four had very limited 
success — that is, they never attained moderately 
good practices, but were just able to maintain 
t hemselvcs. 

Fifty-six failed. Of those, 15 could not pass their 
‘‘xaminations, 10 were dissipated both as students 
and afterwards, 10 had bad health, and 5 wero 
convicted of misconduct. 

Ninety-six discontinued medical studies while 
«t ill pupils. 

Forty-one died during pupilage. 

Eighty-seven died within 12 years of beginning 
practice. 

Deducting these last three groups, therefore, 776 
actually reached practice, and of these, 596, or 
rather more than three-quarters, achieved a reason- 
able degree of success. Later investigations have 
yielded similar figures. This is an encouraging 
result; but we must remember that success in 
practice does not mean the attainment of wealth. 
We may conclude that to the industrious and 
well-qualified doctor the medical profession offers 


a good chance of only an adequate income in return 
for an arduous hut interesting and useful career. 

The Doctor’s Library. Tn addition to 
the books mentioned in the course for tho final 
examination, thes - * will he found very useful : 

“ A System ok Medicine.” Clifford Allbutt. ’ 
Macmillan. 8 vols. £10 net. 

“ Manual of Medicine." Allchin. Macmillan. 
5 vols. £2 net. 

“Principles op Treatment.” Mitchell Bruce. 
Pentland. lGs. 

“ Diseases of the Throat, Nose, and Ear.” 
McBride. Pentland. 25s. 

“ Diseases of Children.” Coodhart Still. 
Churchill. 12s. Od. 

“Clinical Methods.” Hutchison & Rainy. 
Cassell. 10s. (id. 

“Food and the Principles of Dietetics.” 
Hutchison. Arnold. 16s. net. 

“ The Extra Pharmacopeia.” Mart indale & 

Westcott. Lewis. 9s. Od. net. 

One of the weekly medical journals should bo 
taken in. Of these, the “ Lancet ” (7d. weekly) 
is the best. The “Practitioner” (21s. a year), 
published monthly, gives excellent reviews of 
medical progress. 

THE DOCTOR ABROAD 

One out of every five men qualifying as doctors 
in Great Britain ultimately comes to practise abroad, 
usually in The Services or in the Colonics. This docs 
not include the large number who take a temporary 
post as surgeon on hoard ship in order to sec 
something of the world before settling down in 
practice at home. For all these, a course of study 
at the School of Tropical Medicine in London or 
Liverpool is essential. 

The Doctor in the Navy. Admission 
to the Naval Medical Service is by examina- 
tion in medicine, surgery, and allied subjects. 
Candidates must be between 21 and 28 years 
of age, of pure European descent, tho sons of 
British parents, of sound constitution and good 
character, and qualified medical men. Success- 
ful candidates receive commissions as surgeons, 
and study naval hygiene, etc., at Haslar Hospital 
before proceeding to their station. Pay starts at 
£225 10s. a year and rises to £057 for Fleet surgeons. 
Retirement is compulsory at 55, except for Deputy 
Inspector-generals and the Inspector general. But 
voluntary retirement is permitted after four, eight, 
12, and 16 years full-pay service, with gratuities 
of £500, £1,000, £1,500 and £2,250 respectively. 
Herein lies one of the great attractions of tho 
Service, for a man without capital entering at, say, 
22 can withdraw' at 30 with £1,000 to start in civil 
practice. Fleet surgeons retire with a pension of 
from £365 to £547 10s. a year, according to length 
of service. But if the health of a surgeon breaks 
dow r n before he completes 20 years’ service, he may 
be placed at once on the retired list, receiving no 
pension, but only a gratuity, even if his illness 
has been contracted in the performance of his 
duties. This seems decidedly unfair. 

A naval surgeon has excellent opportunities 
for keeping himself in touch with medical progress, 
as he is obliged to attend a post-graduate course 
at a metropolitan hospital for fivo months every 
eight years. During this time he receives full pay 
and allowances for expenses. 

The Doctor in the Army. The require- 
ments from candidates are similar to those for 
the Naval Medical Service, except that the 
subjects of examination are limited to medicine 
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and surgery. Successful candidates receive com- 
missions as lieutenants on probation, and 
must undergo two months instruction in military 
surgery, hygiene, and bacteriology at the Staff 
College in London. They will be examined in 
these subjects and then go to Aldershot for a 
three months’ course of instruction in technical 
duties, on which they are also examined. Ex- 
aminations for promotion are held later. The daily 
pay of a lieutenant is 14s. a day, exclusive of allow- 
ances, rising with promotion and length of service to 
£2 a day for a colonel and £3 for a surgeon - 
general. Retirement is compulsory for a surgeon- 
general at 00, for a colonel at 57, and for other 
officers at 55. Failure to qualify for promotion 
will entail retirement at an earlier age. The rate 
of retired pay varies from £2 to £1 a day, according 
to rank. Majors of less than 20 years’ service and 
captains receive gratuities varying from £2,500 to 
£1,000 in place of retired pay. Tf premature retire- 
ment is the result of illness produced by medical 
service, the officer receives retired pay equal to the 
half-pay of bis rank. An officer volunteering for, 
or ordered to, the West Coast of Africa receives 
double pay. For eaeli year’s service here lie is 
entitled to full pay during a year's leave at, home. 
Each year and each half-year after the first twelve 
months arc counted as double for purposes of 
retired pay. 

The conditions of the Army Medical Service have 
been much improved of late years. The chief 
drawback is that there is still a tendency in certain 
quarters to place the medical officers on an inferior 
plane socially to the combatant officers. 

The Indian Medical Service. Regula- 
tions for candidates in the Indian Medical Service 
resemble those for the Army, except that they 
must simply be “ natural born subjects of 
his Majesty,’’ European descent not being in- 
sisted on. An additional certificate is required 
of having attended a course of instruction in dis- 
eases of the eye for not less than three months. 
The subjects of the examination are now the same as 
for the Army. Successful candidates undergo further 
training at the Medical Staff College and at Aider- 
shot as for the Army, and have a similar examination 
at the* end. According to the result of all these 
examinations, they are allowed, as far as possible, 
to select their district in India. Leave out of India 
for a year, capable of extension to two years’ 
absence from duty, is granted at certain times 
on pay varying from £250 to £700 a year, according 
to length of service. Extra leave is allowed also for 
purposes of study. 

The system of pay is somewhat complicated, but 
usually starts at 450 rupees a month, increasing to 
2,250 riqieos for those below the rank of surgeon - 
general, who receives 3,000 to 2,200 rupees. 
Retirement takes place at 55 or fit), according to 
rank, and the pension ranges from £1,050 to £300 
a year, depending on length of service and position. 
Invalid pensions are also granted to officers 
^ incapacitated by illness caused by their duties. 

The competition for the Indian Medical Service 
is more severe than for either of the other two 
Services. It should be entered as early as possible, 
since it is almost impossible for anyone entering 
after his twenty-fifth birthday to reach a higher 
pension than £500 a year. Private practice is allowed, 
except to those in certain special posts, as long as it 
does not interfere ‘with official duties. This 
allows tin* chance of a decidedly better income. 
“Specialist” appointments have recently been 
made, which carry higher pay with them. 
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It is now permitted to successful candidates 
in all three Services to spend not more than a year 
in a resident appointment at a recognised civil 
hospital. Time so spent counts towards promotion 
mid pension. This is a great improvement, and 
encourages the best type of student to compete. 

The Doctor in the Colonies. There 
is, of course, considerable scope for the medical 
man in the Colonies. 

Canada. British diplomas and degrees entitle 
a medical man to practise in Canada without any 
examination after licence obtained from the Pro- 
vincial Medical Boards and registration and pay- 
ment of fees. In British Columbia the registration 
fee “ must not exceed $100,” and in some parts is 
only $10 ; a small annual fee may also be charged. 
There are good medical schools in Canada, so that 
the supply of medical men is quite sufficient for 
the population generally, though British Columbia 
might offer an opening to those ready to “ rough it.” 

Australasia. In New South Wales, Victoria, 
Queensland, and Tasmania, a man who possesses 
British qualifications is entitled to a certificate 
from the Medical Board as a " legally qualified 
practitioner.” In Western Australia a fee of ten 
guineas, and in New Zealand a fee of £1 5s., is charged 
for such registration. Registration is not com- 
pulsory in South Australia. 

In Australia there is a large supply of general 
practitioners in the towns, and many of those who 
have gone out from England have found it difficult 
to make a living. The graduates of the Colonial 
universities more than meet the usual vacancies, 
and have more influence to help to secure them. 
Then* is, however, still some opening for specialists 
on diseases of the eye and ear. For others country 
districts offer the best chance, but the newcomer 
must be proficient in surgery as well as medicine, 
and ready to live a hard life. 

South Africa. Here registration is necessary. 
For this sworn declarations must l>e made as to 
(1) personal identity, (2) authenticity of the diplo- 
mas, and (3) the fact that these diplomas entitle 
the applicant to practise in the country where they 
were obtained. Registration by the (General Medical 
Council of Croat Britain will be found to simplify 
these procedures. 

In Cape Colony the licence is signed by the 
Colonial Secretary on the recommendation of the 
Colonial Medical Council. The fee is £5. In Natal 
the application for such a licence costs £1 Is., and 
the annual fee is £5. In Southern Rhodesia the 
licence is issued by the Chief Secretary, Salisbury. 
The fee is £5. In the Transvaal the certificate is 
issued on the recommendation of the Transvaal 
Medical Council on payment of £10. In the Orange 
River Colony the Registrar of the Medical and Phar- 
macy Council, Bloemfontein, issues the certificate. 
The stamp is £7 10s., and the annual licence costs 
£15. 

In Cape Colony thpre are numerous appointments 
as district surgeons and medical officers. Candidates 
should apply to the Assistant Private Secretary, 
Colonial Office. Applications for appointments 
in Rhodesia should be made to the Secretary of 
fhe British South Africa Company, London Wall 
Buildings, E.C., together with certified copies of 
diplomas and testimonials. Preference is given to 
applicants who have passed through a course of 
training at the Tropical School of Medicine. It is 
desirable that they should be young, of good 
physique, and able to ride. 

Those who go out to South Africa with a view 
to private practice must remember that though 
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fees are high, so is the cost of living, and that 
methods of competition arc in vogue which arc not 
sanctioned in Great Britain. 

Other Colonies. Medical appointments fall 
vacant from time to time, mainly in the West 
Indies and the West African Colonics. Candidates 
must be between the ages of 23 and 30, must be 
doubly qualified— *.e., in surgery and medicine — 
and must apply to the Assistant Private Secretary, 
Colonial Office. 

The Doctor on the Continent. On the 

Continent, as a rule, fewer opportunities offer 
themselves to the practitioner. 

Italy. Italy is the only country that places no 
restriction on the foreign practitioner. He lias 
no fees to pay, examination to pass, or forms to 
comply with. The authorities recognise the benefit 
of the large influx of visitors and the necessity of 
considering their comfort, so that a recent agitation 
to expel all foreign practitioners has met with little 
support. The shortness of the season in most 
districts means, however, tlireo or four months of 
incossant labour, followed by comparative idleness 
during the rest of the year, unless it is combined 
with a practice in some summer resort, entailing 
the expense of a double establishment. As such 
practices are of a purely personal and non -transfer- 
able nature, they should not be bought. Good 
general attainments, and especially good introduc- 
tions, aro of more value than a bought connection. 

France. Application must be made to the 
Minister of Public Instruction, accompanied by 
sworn translation of the birth certificate and 
diplomas vised by the British Consul. Then the 
degree of M.D. in a French University (involving 
five examinations) and the “ diplome do Bachelier,” 
must be obtained before practice is allowed. Classes 
must be attended even by the qualified foreigner, 
though ho does not have to wait the statutory 
intervals between his examinations. When all these 
difficulties have been surmounted, a man who can 
accommodate himself to his surroundings may find 
a good opening in towns where there is an English- 
speaking element. 

Germany. All tho classes must he attended, 
nnd all examinations have to he passed. As this 
involves a five years’ courso and about £100 to £170 
in fees, it is practically prohibitive. Practice is 
allowed to holders of British diplomas, but they 
must not make use of titles resembling those of 
German medical men, and legally they are regarded 
as unqualified. Under such circumstances ( iermany 
offers no attraction to the British medical man. 

Austria. Naturalisation, involving live years’ 
residence, is necessary, and all the examinations 
must be passed. 

Hungary. Application must be made to the 
Minister of Education, three examinations must bo 
passed, and a fee of 80 crowns paid. 

Switzerland. Three examinations must bo 
passed (fee £9), and one or two years spent in 
afiflilional study. 

frh'AiN (and Canary Islands). The diploma must 
ho sent to the University of Madrid, and identity 
proved. Practice is then allowed on tho payment 
°f certain duties. 

Portugal (including Madeira and Cane do Verde 
Islands, whore there is a considerable British 
clement). Examination and a printed dissertation 
are required. Cost of examination and diploma, £50. 

Turkey. A “ colloquium,” or easy oral examina- 
fion in French or Turkish, without interpreter, is 
^d. No European physician has ever failed to 
pass this, but there may be many delays before the 


examination is actually held. Fees, £8, in addition 
to some registration expenses. 

Egypt. Qualified British practitioners have only 
to show their diplomas to the Director General of 
the Sanitary Department in Cairo, obtain a certifi- 
cate of goon character, and pay a small registration 
fee. Formerly Egypt offered a splendid opening, 
but so many availed themselves of it that this holds 
good no longer. No one should go there unless he 
has obtained an appointment in the Kasr-El-Ainy 
Hospital or in the Sanitary Department, for which 
the competition is considerable. A knowledge of 
Arabic is essential. 

Japan. There is no difficulty in an English 
medical man obtaining a licence, which only costs 
about six shillings, but the only opening is for 
shipping work and as medical officer to business 
houses. 

United States of America. The methods of 
admission vary in the different States, and are not 
exacting, but the proportion of medical men to the 
population is higher hero than in any other country, 
so that competition is very severe in all the situations 
that arc in any way desirable. 

THE SPECIALIST 

In view of the enormous growth of specialism 
in medicine, an inci casing number of the more 
ambitious students will desire to equip themselves 
for such work. It cannot be too clearly understood 
that whatever speciality a student may be aiming 
at, it will be necessary for him to become fully 
qualified to practise both medicine and surgery 
first. In addition, if a surgical speciality is his 
goal, the F.R.C.S. is essential to him; if medical, 
he should become an M.D. of the university in 
which he was trained, and take the M.R.O.P. The 
F.R.C.P. is only obtained by election from tho 
more distinguished M.R.C.P.’s, the choice being 
practically vested in the Council of the College of 
Physicians. 

The Position of the Specialist, It must 
be remembered that specialism is more popular 
outside than within the profession. The profession 
recognises a clear distinction between general prac- 
titioners and consultants, the latter treating only 
patients in con junction with the general practitioner. 
The consultant may practise surgery or medicine, 
never both. The rapid growth of knowledge has 
made it impossible for the consultant to keep in 
touch with the whole of either subjects, however. 
Certain departments, such as diseases of the eye 
and the diseases of women, have long been relegated 
to specialists. Diseases of the throat and car, and 
of the skin, are now almost entirely treated by 
specialists. Subjects such as electrical treatment and 
public health have recently been marked off as 
separate departments; but beyond this the profes- 
sion rightly discourages excessive specialism as 
encouraging too narrow a view. A man elects 
to practise medicine or surgery, hut lii.s gradual 
recognition as a specialist in some department of 
either subject depends largely on his fellows who 
may seek his help on some point to which he has 
paid special attention. 

Tospecialise in public health a diploma, D.P.H., 
should be obtained in the subject. This necessitates 
at least a six months’ course in the subject at the 
hospital, after qualification (fee, usually £21), 
and examination by the universities or the Colleges 
of Physicians and Surgeons (fee, usually £‘H). 
The successful candidate then attempts to bo elected 
Medical Officer of Health for some borough or 
district council. 
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The Specialist's Prospects. This is 
the only .speciality requiring a separate exam- 
ination. As to the others, it is inadvisable for 
a student to choose too soon in his career. Ife 
must see how his abilities, tastes, and opportunities 
develop. After qualification, he must aim at holding 
a resident appointment at a hospital devoted to 
the speciality lie desires to follow. A three 
or six months’ course at a continental clinic, 
such as Vienna, would then be very valuable. 
On returning he must try and become a clinical 
assistant at a hospital in his special subject. A 
teaching appointment at his own hospital is one of 
the most powerful levers he can obtain towards his 
upward progress. Ho must aim at getting a 
permanent appointment on the visiting staff of a 
hospital as soon as possible. The degree of success 
he has had in his teaching work and as clinical 
assistant will prove important factors in accom- 
plishing this aim. 

It will be seen from this that to become a recog- 
nised specialist is a tedious procedure, involving 
years of unrenmnerativo work. Even when success 
begins to come, the income earned is much smaller 
than the public imagines. So much time must 
still he spent in hospital work and research in 
order to keep abreast of the times. A specialist 
must remain a student all his life, always ready to 
Team and apply the latest scientific work. Without 
capital it is almost impossible to live through the 
early years of waiting, though quite exceptional men 
have done so. A young surgeon has a much belter 
chance than a young physician, because lie can earn 
fees by helping a senior at his operations, and by 
doing operations at reduced fees, the graduation of 
fees being much more marked in the ease of surgeons 
than physicians. But a physician goes on earning 
his income later in life. 

In any ease the harvest-time for so much prepara- 
tion is but short, competent authorities putting it 
at only fifteen years. 

It will be seen that the pursuit of specialism is 
arduous and hazardous. There are as many blanks 
is prizes to he drawn, and no one should take it 
up as a career without carefully counting the cost. 

HOMEOPATHY 

Bv Du. John II. Clarke 

Homoeopathy is a science and art of healing 
founded on a law of Nature known to exist from 
time immemorial, but first clearly enunciated and 
systematised by Dr. Samuel Hahnemann about 
the close of the eighteenth century. 

Hahnemann was the leading authority on pharma- 
ceutics of his day, being the author of the classic 
“ Apothekcrlexicon.” He was, therefore, fully 
acquainted with all that related to the practical ride 
of drugs and their preparations. He was a great 
scholar and linguist, and was the translator of 
works from many languages into German. It was 
whilst translating the w r ork on Materia Medica by 
Professor Cullen, of Edinburgh, that the idea 
occurred to him of testing the action of cinchona 
mark on his own healthy body. 

The result of this experiment was that it produced 
in him an exact picture of an attack of ague -that 
is to say, it produced a condition presenting symp- 
toms like those of a state of disease* it was known 
to cure. This led Hahnemann to test other drugs 
in the same way, and lie found the law 7 held good. 
Whenever a ease of illness presents symptoms 
closely resembling those produced by a drug on 
healthy persons, this drug will be the remedy for 
the case. In the work of experimenting with drugs, 
Hahnemann obtained the help of a number of 
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friends as well as of members of his own family. The 
results of these labours was the building up of one 
of Hahnemann’s great works, the “ Materia Medica, 
Pura " — that is to say, the actual observed effects of 
drugs unadulterated with any admixture of theory 
or opinion. 

hi this work the symptoms actually produced by 
each drug on the experimenters are arranged in a 
definite schematic order for handy reference. An- 
other discovery of Hahnemann's was the increased 
sensitiveness of patients to the action of a drug which 
is honHeopathic to the ease. This necessitated his 
giving a much smaller quantity of a drug for the euro 
of a patient than \v;c required for the production of 
the like condition in a healthy person. This led to 
Hahnemann's invention of a graduated method of 
attenuating medicinal substances up to a high infini- 
tesimal dilution. The recent discoveries in regard 
to radium and light treatment have familiarised the 
scientific world outside homoeopathy with the power 
of infinitesimals. A full statement of the homoeo- 
pathic doctrine is contained in Hahnemann's great 
work “The Organism of Medicine.*’ liis third 
great work is entitled “ On the. Nature of the 
Chronic Diseases." 

Qualifying for the Profession. In this 
country at the present time anyone desiring to enter 
for the homoeopathic profession must first obtain a 
qualification in one of the recognised colleges or 
uni\ ersit ic>. After graduation, the British Homoeo- 
pathic Association, 233 a Regent Street, W. (Presi- 
dent, Earl Cawdor), arranges for him an academic 
systematic course of lectures on Homoeopathic 
.Materia Medica and Homoeopathic Therapeutics 
during the winter session, and during the summer 
session of each year a further course of Homoeopathic 
Therapeutics is given. Ample opportunities for 
clinical instruction and clinical work are always 
afforded at the London Homoeopathic Hospital, 
Great Ormond Street, W.O., and at the homoeopathic 
hospitals of Liverpool and Birmingham. In addition 
to this, much valuable instruction may he gained by 
watching the practice at such homoeopathic 
hospitals as those at Bromley, Tunbridge Wells, 
Bournemouth, and elsewhere. 

In addition, the British Homoeopathic Association 
is sending young medical men to America every year 
to he instructed in the homoeopathic colleges there. 
A further excellent means of becoming thoroughly 
acquainted w ith the details of homoeopathic practice 
is by obtaining a resident medical post at one of 
the above-named hospitals. 

The pros (toots of any capable man who possesses 
a good knowledge of homoeopathic practice are 
much better than those of one who lacks it. The 
demand for homoeopathic practitioners is very much 
greater than the supply. In eases where a start is 
made in a new* district, the British Homoeopathic 
Association gives its support to a fitting candidate 
until such time as he has been able to make his posi- 
i ion secure. 1 1 never takes long to do this, so great is 
the demand among the laity for homoeopathic 
treatment. This demand comes from all grades of 
society, from Court circles downwards. 

THE VETERINARY SURGEON 

By Du. Gerald Leighton 
There is only one portal to the ranks of veterinary 
surgeons — namely, the prescribed examinations of 
the Royal College of Veterinary Surgeons. No 
matter "where the student enters and studies, the 
examinations are identical, and are controlled by 
this body alone. In this the veterinary profession 
differs from medicine, in the latter profession the 
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student having a choice of degrees or qualifications, 
any one of which allows him to practise as a 
physician or surgeon. In veterinary science, how- 
ever, every practitioner must pass the M.R.C.V.S. 
(Member of the Royal College of Veterinary 
Surgeons), that being the only legal veterinary 
qualification in Great Britain. 

The Veterinary Surgeon’s Course of 
Study. The first stage is to pass the preliminary 
examination in general knowledge, just as it is in 
medicine. This has been recently altered and 
the announcement made that “ Candidates not yet 
attending a veterinary college must take the Exam- 
ination on the Medical Preliminary Standmd at the 
January and April Examinations (1907), and also at 
all future dates.” As we are writing for those who 
are prospective veterinary students, not for those 
already in the profession, it will bo sufficient to 
draw attention to this important announcement 
as it stands, referring our readers fo what has been 
already said concerning the medical preliminary 
examination. The list of examining bodies whose 
certificates of examinations in general education 
are accepted in lieu of the preliminary are similar 
to those for the medical preliminary. Full par- 
ticulars of these may be obtained from the secretary 
of the Royal College of Veterinary Surgeons. A 
certificate of having passed all the required subjects 
in this examination before entering college entitles 
the student, to present himself for his first pro- 
fessional examination. 

The preliminary examination passed, the student 
has then to determine in which college ho will take 
his course. He has the choice of colleges in London, 
Edinburgh, Dublin, Glasgow, and Liverpool. Before 
very long, in all probability, other universities will 
institute a faculty of veterinary science, as has 


been done in Liverpool. The choice of the college 
will doubtless be determined to a certain extent by 
the student’s place of residence, the actual cost of 
the various classes in the various colleges not 
varying more than a few pounds per annum. Of 
course, if the, student 1ms to leave home and live in 
rooms, he must decide which place suits him best 
from the financial and other standpoints of living, 
(’lass fees amount to £20 a year, or slightly less, 
to which must be added books, cost of living, ami 
examination fccH. The whole course of study, 
extending over the minimum period of four years, 
together with the subjects for the four professional 
examinations and the fees payable, is shown in 
the following table. There are only two examina- 
tions held during the year — viz., in England and 
Ireland in July and December, and in Scotland 
in May and December. 

Final Examination and Prospects. 

Any veterinary surgeon who has been in practice 
for a period of five years or upwards who produces 
a certificate of fitness may proceed to the examina- 
tion for the Fellowship of the Royal College of 
Veterinary Surgeons. This is a higher examination, 
just- as the M.D. is in the sister profession. For 
this the candidate must write an original thesis, 
and defend this thesis for half an hour before tho 
examiners. He must also undergo a written 
examination in veterinary medicine, surgery, 
hygiene, sanitary science, pathology, and bac- 
teriology. This examination is held in May and 
December in each year. A fee of £5 os. is payable 
on sending in the thesis, and on passing the 
examination and receiving the diploma a further 
fee of £10 10s. Having successfully passed his 
M.R.C.V.S. final examination, tho veterinary 
surgeon has then to decide the important point 


| SCHEDULE OF EXAMINATIONS FOR VETERINARY SURGEONS 

Examining Hotly. 
Diplomas. 

SUBJECTS OF EXAMINATION 

] 

! Fees and \ge 

"Time and places of 
Examination. 

Compulsory. 

Optional. 

1 Limits. 

royal College of 
veterinary surgeons. 
M.R.C.V.S. and K.11.U.V.S. 
Entrance. 

Edinburgh, Glasgow, 
London, Liverpool, 
Dublin. 

English, including Composition, Dicta- 
tion, Parsing, and Derivation. 

Latin, Grammar, Translation into Eng- 
lish. 

Mathematics, Arithmetic, Algebra up 
to Simple Equations (incluM\ v). 

Geometry, Euclid, Hooks I. to 111., with 
Deductions. 

One of tho following : Greek, 
French, German, Italian, 
any other modern language, 
Logic. 

Candidates not yet attending 
a Veterinary ollegc must 
take I he Examination on the 
Medical Preliminary Stand- 
ard at the January and April 
(1907) Examinations, and 
also at all future dates. 

cl 

None 

For M.R.C.V.S. 

First Professional. 

May and December. 
Edinburgh, Glasgow. 

July and December. 

| London, Liverpool, Dublin. 

Elementary Anatomy, Chemistry, 
Biology (Botany and Zoology). 


,tr» 

None 

I Seoond Professional, 

j Time and place as above. 

Anatomy, Physiology (Histology), 
Stable Management (Manipulation 
and Shoeing). 

! 

i 

to 

None 

. Third Professional. 

Time and place as above. 

Pathology and Bucteriology, Materia 
Medina (Toxicology), Hygiene 

(Dietetics). 

i 

i 

i 

.£5 

None 

. Final. M.R.C.V.S. 

Time and place os above.- 

Veterinary Medicine, Surgery, Ob- 
stetrics, and Meat Inspection. 

i 

£5 

Registration 

Fee £1 




21 years. 

For F.R.C.V.8. 

May and December. 
London. 

Or by arrangement elsewhere. 

Thesis. Written Examination on Medi- 
cine, Surgery, Ityuiene and Sanitary 
Science, Pathology and Bacteriology. 


Entrance £ r . 5s. 
Passing £10 
[ 5 years in prac- 
tice 
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of which branch of his profession is to engage his 
attention. There is a wide choice. He limy deckle 
upon general practice in town or country, and in 
that sphere a good practitioner will make a good 
living, if not a large fortune. Corporation appoint- 
ments as meat inspectors attract some. He may 
specialise, devoting his attention chiefly to dogs, 
or horses, or cattle, etc., and will find his services 
in high demand where valuable pedigree animals 
arc concerned. A good veterinary surgeon in any 
well-known hunting district in England has every 
opportunity of making a good position. The 
hardest life is undoubtedly that of the country 
practitioner in a sparsely populated district where ‘ 
his clients are not too well off and his patients not 
sufficiently valuable to justify much expenditure 
upon them. 

The Army Veterinary Department. 

Of recent years, especially since the Boer War, great 
changes have been made in the Army Veterinary 
Department, which now offers a good career to a 
certain number. The rates of jyty and rules regard- 
ing the promotion and retirement of veterinary 
officers are laid down in the Royal Warrant for 
Pay, a copy of which should be obtained by in- 
tending candidates for the Army. The require- 
ments demanded of candidates are these : 

(1) Candidates for admission must make written 
application to the Secretary, War Office, London, 
giving the information required by Appendix I. 
A personal interview with the Direetor-Oeneral, 
Army Veterinary Service, will subsequently be 
necessary, and will be arranged by that officer. 

(2) The minimum age of candidates is 21 years, 
and the maximum age 27 years, except in very 
special eases or on urgent occasions, when the latter 
limit may Iks exceeded. Candidates must be un- 
married, and will not be accepted unless, in the 
o|Miiion of the Army Council, they are in all respects 
suitable to hold commissions in the Army. 

(3) Every candidate must he a member of the 
Royal College of Veterinary Surgeons, and pass an 
examination before n board of veterinary officers. 

(4) He will be required to forward the following 
certificates, prior to examination : (a) a certificate 
of birth or other satisfactory proof of age ; (h) 
certificates of moral character from clergymen or 
others in a position to testify, and whose evidence 
may be deemed satisfactory. 

(f)) The Dean or other responsible head of the 
school from which the candidate graduated will be 
asked by the Direetor-Oeneral for a confidential 
report as to his professional ability and general 
fitness to hold a commission in the department. 

((>) If approved, he will be examined as to his 
physical fitness by a board of medical officers 
(Appendix II.), and if pronounced physically fit 
will then be eligible for examination. 

(7) Examinations will be held on vacancies occur- 
ring, and candidates who obtain the qualifying 
number of marks will receive commissions accord* 
i»|g to the order of merit in which they pass. » 

(8) Candidates will be examined by the Examin- 
ing Board, and the examination will be in two 
parts, written and oral, as follow : 

Written 

Maximum marks. 

Veterinary medicine (2 hours) . . 1,000 

„ surgery „ .. 1,000 

„ hygiene „ . . 1,000 

(General pajwrs referring to both horses and 

Medicine concluded ; 


cattle, and embracing pathology in all its branches, 
surgical anatomy, and general and special hygiene.) 

To qualify — 50 per cent, in each subject. 

Oral 

Maximum marks. 

Examination of horses, including 
soundness generally and certificates 
thereon, ageing, shoeing, the eye, 
and detection of lameness . . . . 3.000 

Clinical diagnosis, the practical hand- 
ling of animals and administra- 
tion of medicines .. .. .. 2,000 

Practical surgery and surgical anatomy 2,000 
To qualify — 50 per cent, in each subject. 

An aggregate of CM) per cent, in all subjects com- 
bined will be required. 

A candidate may be rejected if he shows any 
deficiency in his general education. 

A candidate on appointment as veterinary 
officer will, on joining at Aldershot, be required to 
undergo a course of special training at the Army 
Veterinary School. 

At the end of the course he will be examined, and 
if the examination be satisfactory and his general 
report good he will be retained in the Service ; 
but should his examination be unsatisfactory, or 
his general report not good, his services will be 
dispensed with, in accordance with the last part of 
Article 431 of the Pay Warrant. 

Rates of Pay in the Army. The sub- 
stantive ranks of the officers of the Army Veterinary 
Department are as follow : colonel, lieutenant-colonel, 
major, captain, lieutenant. After passing the ex- 
aminations the candidate is appointed a veterinary 
officer on probation for six months, after which, if 
sat isfactory, he receives a commission as lieutenant at 
£250 per annum. The ordinary rates of pay are as 
follows (those of sjiecial pay abroad, w'ith the army in 
the field, or in command at home, sick leave, retired 
pay, etc., will be found in the Pay Warrant): 

f Inclusive of all allow- 
Director-General, £1,200 I ances except field 

a year | and travelling allow- 


V uncos. 

Daily. 

£ s. d. 

Colonel . . . . . . , . . . 115 0 

Lieutenant-colonel . . . . . . 1 10 0 

Major .. .. .. .. 100 

,, after 5 years' service as such ., 12 0 

„ „ 10 14 0 

Captain .. .. .. .. .. 0 15 (> 

after 5 years’ service as such, 
provided he has served 3 
years abroad .. .. 0 17 0 


Lieutenant .. .. ..£250 0 0 a year 

The Indian Civil Veterinary Depart- 
ment. Lastly, wo may mention this branch of 
veterinary work, in which the officers perform or 
supervise all official veterinary work in India, 
other than that of the Army, and are debarred from 
private professional practice in India. The duties 
are mainly educational work in veterinary colleges, 
horse and mule breeding, cattle breeding, and the 
treatment of disease. Applications for these 
appointments should be made to the Revenue 
Secretary, India Office, London, S.W. 

Thus, the veterinary surgeon has an abundant 
choice of modes and places in which he may practise, 
and before coming to a decision he will do well to 
consult those who have experience of the branch 
he intends to pursue. 

followed by Dentistry 
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Feeding: for the Table or for Egg-laying. Some Typical Rations 38 
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By Professor JAMES LONG 


IN connection with the feeding of poultry the 
* reader is referred to pages 2702-6, inwhicli the 
principles of the feeding of livestock are discussed. 
Although this discussion refers in particular to 
the larger animals of the farm, the major portion 
of those pages may he applied with equal ad- 
vantage to poultry. Not only have we provided 
a table of analyses showing the percentages of 
the various digestible constituents of foods, 
but those constituents are described in detail 
and their relative values compared. 

The Hen’s Carcase, in feeding poultry 
we are bound to observe the difference in 
size between the hen. and, let us say, the sheep 
or the bullock, the greater rapidity with which 
food is utilised, especially in the formation of 
the two materials of which the body of the lien 
is chiefly composed— fat and protein, which 
comprise nearly one half of the dry matter of the 
carcase ; and the fact, that she is an omnivorous 
feeder, eating animal and vegetable food with 
equal felicity. In passing, it may be observed, 
too. that the composition of the dry matter 
of the hen’s carcase — we do not refer to fowls 
which have been fattened — is closely identical 
with that of the dry matter of the egg. As an 
omnivorous feeder, then, it is clear that the 
food supplied to poultry should be varied. 
In practice, however, we find that where one 
individual chiefly feeds his poultry upon maize, 
another selects barley, while a third may employ 
maize as hard food and barley-meal in the form 
of paste, which so many persons regard as in 
important feature in feeding, especially when it is 
supplied hot in the morning, having been mixed 
with skim milk, or the liquor in which meat, or 
bones have been cooked. 

Feeding Chickens for the Table. 
Food is supplied to poultry, in the first place, 
for the maintenance of their bodies, and next 
for the production of meat or eggs. Chickens 
which, after hatching, are intended for the table, 
should, like the calf intended for veal, be well 
fed from the egg forwards, every effort being 
made to induce growth accompanied by an in- 
crease of flesh. Where chickens are intended for 
laying purposes — and here wo naturally refer 
to the pullets — the same form of treatment 
is not an essential ; and yet the feeding should be 
equally careful, for the stronger and healthier 
the chicken the more robust and vigorous 
becomes the young fowl, and indeed the earlier 
she begins to lay. Success lies, however, rather in 
the direction of variation in the rations as between 
chickens intended for table and the pullets 
for laying than in the quantity of food supplied. 
The demand for fattened chickens, valuable as it 
is from a pecuniary point of view, is not a healthy 


one ; but in his own interest tin* poultry- 
keeper must respond to it. The object is to send 
into the market at the earliest date young birds, 
tender and fat, for which he receives what wo 
now regard as unparalleled prices, especially 
in the early season. We have noticed such birds 
priced at, 10s. 6d. each in the West, End of 
London, but they were the result of considerable 
labour and skill on the part of the producer. 

Feeding Pullet9 for Egg-laying. The 
pullet intended for laying should be fed 
naturally, and supplied with all she requires, 
and the greater her freedom and the larger the 
quantity of insect life, grass, and clover she can 
obtain the better for her growth and strength. 
But the chicken for the table is, at a given age, 
which is more or less closely prescribed, caged and 
crammed with food, a large proportion of which 
consists of fat, and, having added to her weight 
sufficient for the purpose of the feeder, is killed 
and sent to market. 

Food is rapidly appropriated by poultry, 
especially by young chickens, and there is little 
doubt that appropriation or assimilation are 
still more rapid and effective when the ration is 
mixed. 

The Feeding Value of Milk and Bone. 

Although cereals are principally employed as 
food, pulse and other grains are occasionally 
supplied, together with milk and meat in some 
variety. The value of milk is noticeable in two 
directions, ft is believed that the protein of 
animal food, as in the casein of milk, is better 
assimilated and employed in the economy of tlio 
fowl than the protein of cereals or pulse, and, 
further, that the necessity for mineral matter — 
especially for phosphates —is more readily met 
by meat and milk than by vegetable food of 
any kind. Where, therefore, cereals are em- 
ployed — we especially refer to wheat, oats, barley, 
maize, and rice — the ration should be supple- 
mented, especially in the ease of chickens in- 
tended for laying, and thus raising to adult age, 
by bone supplied in one of its various forms. 
Here we would point out that bone should be fresh 
and unboiled. Bone contains two materials which 
are of great value to poultry — phosphate of 
lime, as essential in the construction of bono 
as Jime in the construction of the shell of the 
egg ; and the albuminoid matter which w T e will 
describe under the general term of protein, which 
is extracted by boiling, and which is the valuable 
constituent produced in the kitchen as the 
foundation of stock for soup. Boiled bones, there- 
fore, should be avoided, and for a similar reason 
many brands of bone - meal or ground bone. 
The. wisest plan is to obtain a crushing machine, 
which is now especially made for poultry-keepers, 
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and to break up into fine pieces bone fresh from 
the butcher. If bones are used with liberality, 
birds which are confined to pens or runs will need 
no special provision of materials containing lime 
for the manufacture of the shell, which weighs 
about 10 per cent, of the whole egg. 

The Laying Hen Needs Lime. It 
has been shown by careful demonstration that 
under ordinary feeding conditions, the birds 
being kept in confinement, only about one-tenth 
of the lime in the eggshell was accounted for as 
having been obtained from the food, the remain- 
ing nine-tenths being extracted from materials 
chiefly composed of lime. It need hardly be 
suggested that the laying hen requires limo in 
much greater abundance than the chicken or the 
non-laying hen, 'and the remark equally applies 
to phosphates. It is found in practice, however, 
that all classes of poultry thrive better upon food 
which is rich in phosphates ; hence, again, the 
importance of milk, bones, of meat, and of every 
class of food which is rich in these materials. 
Laying liens require about one ounce of fresh 
cut bone or meat daily, allowance being made 
for their size. 

And here, again, it is essential to refer to the 
supreme importance of careful observation on 
the part of the feeder. In daily practice flocks 
# of poultry are fed alike, almost without discret ion, 
whereas both common-sense and experience 
suggest that not only size, but age and individu- 
ality demand special attention. Hens which 
have ceased to lay owing to age, weather, or 
moulting should not be fed upon the same 
ration as young birds which are laying. Large 
hens require more food than small hens, but for 
maintenance they require less per pound of live 
weight. In practice we have found that hens 
of average size require a quarter of a pound of 
heavy grain, such as maize, wheat, or barley, or 
its equivalent daily. This, equal to some 4 oz., 
experimenters have found to be almost precisely 
what laying hens require for the provision of 
heat, repair of waste tissues, the exercise of 
energy, and the provision of the egg. If wc sup- 
pose that an egg laid by a good-sized hen con- 
tains 2 oz. of feeding matter, about three parts 
of which is water, it follows that the food con- 
sumed must provide for the elaboration of half 
an ounce of dry matter, which chiefly consists of 
yolk — largely oil — and albumin. 

Heightening the Colour of an Egg’s 
Yolh. There is every reason to believe that 
food is not accountable for the delicious flavour 
of the yolk of the eggs laid by certain hens, 
which resembles that of the guinea fowl, but that 
if may be perpetuated by selection in breeding, 
and by this process only. On the other hand, there 
is equal reason to suppose that the colour of the 
yolk is influenced by the food consumed — thus, 
where hens arc deprived of green food, and 
especially of grass and clover, the yolk is often 
ale, whoreas the yolk of hens at liberty in green 
elds is usually high in colour. Essential as green 
food is to hens, it is important to remember 
that they should not/ be allowed to consume too 
large quantities in place of grain or meat. The 
system of the hen demands food of a concentrated 
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character, hence the importance of relying 
chiefly upon those foods which are usually sup- 
plied. The food consumed having been softened’ 
in the crop, is practically masticated, or very 
finely ground, in the gizzard, and, by the aid of 
the digestible juices, quickly assimilated, and, 
after providing for maintenance, converted into' 
moat or egg. 

The Albuminoid Ration for Poultry. 

The student of poultry feeding will do well to 
refer to the remarks on the albuminoid ration, 
page 2700, in which the principle of supplying 
the constituents of food in accordance with the 
requirements of the animal are explained. We 
need, therefore, merely point out that the 
nutritious matter of food is divided, minerals 
apart, into three groups — the fats or oils, the 
carbohydrates, chiefly starches and sugars, and 
the albuminoids (protein), which alone contain 
nitrogen, and which are therefore alone respon- 
sible for the production of the albumin of the 
egg, and the muscle, and other lean or nitrogenous 
parts of the carcase. In practice it is found that 
a ration composed of one part of albuminoids 
and five parts of carbohydrates and fats is 
followed by the best results. The method of 
calculation will easily be understood if the 
chapter wc have referred to is carefully read, 
and if reference is made in the preparation of a 
ration to the analytical table which accompanies 
it. The foods which are rich in albuminoids, 
and which are chiefly used in feeding poultry, 
are meat, bone, peas, beans, lentils, malt combs, 
bran, linseed, cotton-seed meal or cake, clover, 
lucerne, vetches and sainfoin, the two latter 
being either green or dried. 

Fats and Carbohydrates. The foods 
rich in oil or fat include linseed, linseed cake, 
decorticated cotton cake, the fat of meat, and, 
on a smaller scale, maize and other cereals, the 
best ricemeal, and maize germ meal. Foods rich 
in starch and sugar aro common enough, and 
their employment may be almost essentially 
regulated by the market price. They include 
wheat, barley, oats, maize,. rice, dari, buckwheat, 
groats, oatmeal, ground oats, fine sharps or 
middlings, sometimes described as toppings or 
fine dan. 

Oatmeal and groats, together with the ground 
oats of Sussex, in which the husk is finely 
ground with the kernel, are valuable for 
chickens, especially when supplemented by 
fine-cut bone and mixed with new or skimmed 
milk ; and here we may add that new milk 
is not only rich in fat, but especially rich 
in albuminoid matter, and highly adapted, 
either as a drink, or supplied in the form of curd 
to the feeding of chickens of all ages. Similarly, 
skimmed iniik, although deprived of its fat, is 
rich in albuminoid matter, and is of great value 
w'hen employed for mixing the various meals into 
paste, especially the cereal meals which aro so 
deficient in albuminoids. Tho same remark 
applies to potatoes, which, rich in starch, 
although a bulky food, owing to their large 
percentage of water, are rendered much more 
valuable for feeding adult fowls when similarly 
mixed with skimmed milk and pulse meal. 



Some Typical Rations and their 
Cost. No Englishman has accomplished bettor 
work in the poultry industry than Sir Walter 
Palmer, of Reading, who some few years 
ago established a poultry farm near Winkficld, 
in Berks, on soil which, chiefly pasture, consists 
of fairly stiff clay. Reference is warrant ably 
made to the system of feeding, owing to the 
success which has attended the work, and which 
was shown for the first three years in published 
balance-sheets. A ration consisting of 1 lb. each 
of pa-meal, cracked maize, potatoes, and meat, 
.Tib. of biscuit meal, and 2 lb. of swedes, the 
whole costing fivepenco, sufficed as an autumn 
morning food for seventy hens, each bird thus 
receiving 2 oz. of food. The potatoes and 
swedes were steamed, the meat — horseflesh, 
costing a halfpenny per lb. — being added later, 
and subsequently the maize. The second meal 
consisted of 10 lb. of wheat, costing 8d. — this 
grain being steeped during hot weather — or 
heavy oats, these foods being distributed on the 
grass, or scattered among straw during hard 
frost, to induce the birds to exert, and thus 
warm, themselves in finding it. During autumn 
and winter the two rations practically cost l|d. 
per bird per week, or ljd. where grit and lime 
rubbish, both being purchased, were added. 
The cost during the summer months was slightly 
less. During summer, when insect life is 
abundant, and when grass, clover, and other 
herbage are young and sweet, hens at liberty, like 
chickens, find a large proportion of their food. 

Food for Very Young Chickens. In 
the arrangement of the feeding of chickens, no 
food is supplied during the first twenty-four hours 
by Sir W. Palmer’s manager. The first food 
provided consists of breadcrumbs, fine oatmeal, 
and boiled eggs, followed next day by coarse 
oatmeal, boiled rice mixed with toppings, buck- 
wheat, and broken wdieat. Such is the ration 
supplied during the first fortnight, after which 
meat is added, and tine bone-meal mixed with 
the soft food. It was found by observations 
made in February, when feeding the chickens in 
a rearing house, where the only food consumed 
was that supplied by hand, that 28 youngsters, 
8J weeks old, consumed in one day 11 oz. of 
bruised oats, 14 oz. of rice, bone-meal, oatmeal 
and milk, 10 oz. of broken wheat, and 12 oz. of 
buckwheat. In another case, .32 chickens, (>J 
weeks old, consumed 34 A oz. of the same foods, 
chiefly bruised oats, white 23 chickens, 2£ weeks 
old, consumed in the day 7.J oz. of bruised oats 
and 2 oz. or rice, bone-meal, oatmeal, and milk. 

In feeding chickens intended for the table, 
between March and June, the system already 
referred to is followed by a course of three weeks' 
feeding in pens. At first the birds receive 
ground oats, toppings and skimmed milk. This 
preliminary feeding is followed by cramming 
with the same foods, to which J oz. to \ oz. of 
fat per bird is added per day. Sixty-four birds 
fed by the aid of the cramming machine on a 
particular day in July, when fat was not being 
supplied, consumed in the morning 20 lb. of 
milk, 121b. of ground oats, and 31b. of toppings; 
and in the evening, 18 lb. of milk, 10 lb. of 
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ground oats, and 3 lb. of toppings, or 28 lb. of 
solid and 38 lb. of liquid food, practically 1 lb. 
per bird per day, scarcely one half of which was 
solid food. The value of this food, estimating 
milk to cost 4d. per gallon, the oats Id., and the 
toppings Jd. per lb., was thus 3s. (>|d., or less 
than Jd. per bird per day, or KHd. per bird 
during the 14 days of cramming. 

An Example from the United States. 
It will be equally instructive to take an example 
from the United {States, where poultry feeding is 
now conducted on an extensive and especially 
practical scale. Professor Jordan, remarking 
on this case, points out t hat a day’s ration for 
8(H) to 1,(XH) chickens in their second week, 
consisted of 4 lb. of cracked wheat, 2 lb. of 
oatmeal, 3 lb. of maize meal, h lb. each of 
buckwheat ami wheat middlings, ground oats, 
and linseed meal, 21 lb. of animal meal, and 
2J lb. of lucerne. For ducklings of three 
weeks old a ration consisting of 8 lb. of maize 
meal, 3 lb. of middlings, 2 lb. each of barley, 
linseed meal and fresh hone, fi lb. of animal meal, 
and 3 lb. of green lucerne, might be similarly 
supplied, the birds being at liberty, and finding 
grit and lime rubbish for themselves. 

We will now give a list of the foods which are 
especially suited to poultry. 

Wheat. Wheat is a grain suitable for 
chickens on account of its size and its nourishing 
character, but, being deficient in oil and albu- 
minoids, it should be given only occasionally. 
Tail wheat — that is, the small and broken grains 
removed from the hulk in the process of dressing 
for market — is most suitable, bearing the price 
in mind ; but farmers, as a rule, prefer to keep this 
for the use of their own poultry. 

Barley. Barley is also especially valuable, 
although, like wheat-, it is deficient in both albu- 
minoids and fat ; but plump samples, especially 
as regards the price, arc less valuable than 
smaller grain, which contains proportionately less 
standi. Tail barley, obtainable* from farmers, is 
therefore suitable, but foreign barley, which is 
largely composed of husk, it is not advisable to 
buy, although this forms a very large portion of 
the composition of barley meal. When barley 
meal is used, it is preferable to buy the barley 
and have it specially ground. Wc know from 
actual demonstration that the barley meal of 
commerce is sometimes composed of the grind- 
ings of other grain, weed seeds, and refuse* 
extracted from corn of various kinds in the 
process of dressing in the mill. 

Oats. Oats are richer in fat than either 
barley or wheat, but are also deficient in albu- 
minoids. The oat is however, better balanced, 
especially where the sample is not too heavy, 
and consequently rich in starch. This grain is 
better supplied in the form of oatmeal or groats 
for very young chickens ; or of ground oats, 
especially as prepared by Sussex millers, for 
chickens of larger size and for adult fowls. 
Oatmeal is slightly richer in starch and poorer 
in fats and albuminoids than the oat grain. 
It is, however, an especially good food. 

Maize. Maize is now' supplied in various 
forms through its by-products ; the grain is 
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richer in oils than either of the cereals already 
mentioned ; it is extremely rich in starch, but 
comparatively poor in albuminoids, and is not 
adapted for young chickens, except when cracked 
and given occasionally, or as a regular food for 
adult fowls, and the remark equally applies to 
maize meal. The germ of maize, however, 
although less palatable, is richer in albuminoids 
or muscle-forming matter, and extremely rich 
in oil, and may be used as an addition to those 
mixtures of meals which are poor in oil. The 
actual germ of maize contains 21£ per cent, of 
protein or albuminoid matter, 34 per cent, of 
starchy matter, and 29 per cent, of fat. The 
germ consists of about 10 parts of the original 
grain, the skin about 5J parts, and the starchy 
matter and harder parts 84 £ per cent. A material 
known as gluten ineal, produced from maize, 
while containing about 50 per cent, of starchy 
matter, also contains 33 per cent, of protein; 
while an American food, known as gluten feed, 
contains slightly less protein and a similar quan- 
tity of starchy matter, but considerably more fat. 
These foods, although rich, and useful in con- 
sequence, are not altogether palatable to stock, 
but they may be employed in mixtures which are 
spiced, and so rendered agreeable to the birds. 

Rice. Rice is a food which is so poor in fat 
and albuminoids, and so rich in starch, that it 
should be given in conjunction with a food like 
skimmed milk, in which it is best boiled or 
soaked. Rico meal, however, unlike the naked 
grain, is rich in oil, while it contains 50 per cent, 
more albuminoids than the whole grain and a 
smaller proportion of starch ; for this reason, if 
pure, it may be employed with advantage, but 
care is needed in its selection. 

Buckwheat. Buckwheat, is a grain much 
relished by chickens, although it is not equal to 
the best cereals, being especially poor in oil and 
albuminoids, but it alTords a useful change. 

Dari. Dari, which is often given as a change 
food for small chickens, is rich in starchy matter, 
but relatively poor in other feeding constituents. 

Ground Food, Of the various forms of 
ground food or meal, wc may especially refer to 
line middlings , sometimes known as toppings or 
dan. The true sample should be floury, and 
mix into a good paste, for there arc various 
brands of sharps and shorts which are chiefly 
composed of the husk of the wheat grain. This 
food, mixed with skimmed milk, is excellent, 
and may be frequently used with advantage. 
Bran is sometimes used as a food for poultry, but 
it is not economical when it costs more than £5 
a ton. A good sample is well balanced, except 
for the small quantity of fat it contains. Pea 
Aeal , which is rich in albuminoids, like lentil 
meal and bean meal, is useful for mixing with 
foods which are rich in starch, but these foods 
should be used in comparatively small quantities. 
Decorticated cottonseed meat may be similarly 
employed when it becomes necessary to raise the 
fat and albuminoid percentage of a ration. 
Crashed linseed cake may be employed in the same 
way; it is an exceptionally rich food, though much 
more costly than the majority of poultry foods. 


Green and Dried Fodders. Green 

and dried fodders, such as lucerne and c'over 
heads , are always useful. They may be given 
to birds which are in confinement fresh in summer 
and dried in winter, having been plucked from 
the stalks for the purpose, for it should be 
remembered that as poultry require food in a 
concentrated form, the dried stalks are better 
removed, these being much less nourishing. 

Root*. The potato is sometimes given to adult 
fowls, but owing to its large percentage of water 
(nearly 77 per cent.), and the fact that the residue 
is chiefly starch, it should bo mixed after cooking 
with a small quantity of skimmed milk and a 
meal rich in albuminoids, such os that derived 
from peas, beans, lentils, cotton-seed, or linseed. 

Roots such as mangels and turnips have 
little feeding value, but they are much relished 
by poultry, and a bulb cut in halves and placed 
in the run where birds are confined will assist in 
maintaining a healthy condition, and practically 
take the place of ordinary green food, such as 
cabbage or lettuce. 

Meat and Fish Foods. With regard to 
meat and fish foods, a variety of which are on 
the market, it may be mentioned that animal 
meal sometimes employed by poultry keepers 
is extremely rich in mineral matter, of which it 
contains over 30 per cent., with 35 per cent, of 
protein, and 12 per cent, to 13 per cent, of fat. 
A useful form of meat meal contains a very small 
percentage of mineral matter, but 70 per cent, 
of protein, and a similar proportion of fat, while 
dried blood contains 34 per cent, of protein and 2$ 
per cent, of fat ; this, however, is not rich enough 
in minerals. On the other hand, a dried fish food 
contains 30 per cent, of mineral matter and 48 
per cent, of protein, with a small quantity of fat. 

Milk and its Products. Foods prepared 
from milk are of the greatest value to the poultry 
keeper, whether for the feeding and rearing of 
chickens or of adult fowls. Rich milk contains 
some per cent, to 5 per cent, of fat, over 3£ 
per cent, of casein, and albumin, both of which 
are proto ids. and from 4J- per cent, to 5 per cent 
of sugar. When deprived of its fat, the propor- 
tion of sugar and proteids is slightly increased, 
while the cost price is immensely reduced. 

Whey , the residue of the cheese-room, only 
contains a small quantity of protein, but about 
5 jx>r cent, of sugar. New, or full milk, may be 
used for chickens to drink, or for mixing with 
their meal, while -skim milk may be employed 
in the preparation of any form of paste, and thus 
for mixing with dry meals for fowls of all descrip- 
tions. The best method of supplying milk food 
to chickens is in the form of curd . A small 
quantity of rennet in a littlo water is added 
to milk at about 85° F. Having coagulated, 
the curd is drained — the surplus water is 
removed to a very large extent — until it is 
sufficiently solid to handle and to break up and 
distribute to the birds. There is no food bo 
valuable as curd prepared from new milk, nor 
one better adapted to secure the rapid and 
healthy growth of young chickens, who may 
receive it until they have reached adult age. 


Continued 
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written for by composers. The D 'l and B J 
crooks are rarely used, and the majority of them 
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are seldom employed, since the player finds it 
more easy to transpose without their aid. The 
student should therefore learn to play with 
the F crook only, transposing the music by 
means of the pistons when other crooks are 
indicated. This is the safest plan. The only 
crooks usually made, therefore, are the F, 
E lj, E b, and D. If those for other keys 
are required they have to be manufactured 
specially. 

Valve Mechanism. Valves, or pistons, 
wore unknown before the year 1814. Prior 1 o 
that time the trumpet was simply a coiled tube 
enlarged at the bell-end. Towards the close of 
the eighteenth century a slide was added to the 
trumpet, working in a reverse direction to that 
associated with the trombone, being drawn 
towards, instead of extended from, the player. 
Nevertheless, a good chromatic scale could not he 
produced. The slide was insufficiently long to 
give the low AJf, Af, and CJf. Ft*, also, was 
too sharp. Nowadays, instead of the slide, we 
have three pistons. When pressed down separ- 
ately or together, these are capable of rendering 
a perfect chromatic sequence. Each piston gives 
parallel harmonies to those sounded when no 
piston is employed, the same notes being heard 
but in a different key. A similar effect results 
when the pistons arc combined, whether the 
first and second, the first and third, the second 
and third, or all three are put down together in 
order to lengthen or shorten the passage of air in 
the tubing. With the first piston down, the 
series already given is reproduced, but lowered in 
pitch a tone. Instead of F, the key thus becomes 
Ey , and the sixth and tenth degrees need correc- 
tion in the same way as when the open harmonics 
were sounded without using the pistons. Releas- 
ing the first and depressing the second piston, the 
same scries, as the air-column is shorter, becomes 
a semitone higher. »So the natural key is now' 
Ex. 4. 


E, with four sharps. If onjy the third piston 
is pressed down, the tone is lowered a third 
from the open series. The key is, therefore, D ft ' 

These results should be understood clearly, as 
they introduce the Bubject of transposition. So 
the beginner must bear in mind that the 
trumpet, when open, is in F ; when the second 
piston is down it is thrown into E ; that the 
first makes it E and the third D. Pistons 
are here, it will be seen, taking the place of 
crooks. 

Slurring and Phrasing. Slurring im- 
plies, when playing on a wind instrument., 
making the sound glide from one note to another 
without fresh impetus from the tongue. This 
effect is indicated by a curved line above or 
below f notes required to be linked in such a 
manner, as in Example 2. 

Ex. 2. 



When a slur is not marked, notes, in trumpet 
playing, have to be tongued, as already 
described. For the beginner, difficult intervals 
to slur, whether open or with pistons, are 
thirds, fourths, fifths, etc., as in the following 
example. 


Ex. 3. (a) (b) 



For them, therefore, special practice is needed. 
Phrasing comes almost under the same head- 
ing in performance as slurring. Tho difference 
is that the student must understand the correct 
moment for taking a breath when rendering a 
musical sentence. Those places are shown by 
commas in Example 4. 

It will be seen here that a slur is included also 
in each phrase. If these slurs were omitted, 
all the notes would have to be tongued. This, 
in solo playing, would give a rough and staccato 
effect. Another way of writing a phrase con- 
taining a slur is shown in Example 5. 
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The curved line above each of the two bars, 
connecting the notes, implies that the tongue 
must not be used too freely. The phrase will 
bo broken up if breath is taken at other points 
than those marked. As regards the slur placed 
under the notes, those not so linked must be 
tongued, as shown in Example 6. 

Transposing. To the beginner, one of the 
first puzzles is to reconcile a note indicated in 
the written music with a different note sounded 
by the trumpet. Thus, G, written on the 
second lino treble clef, played on a Bt) crook, 
transposes itself a fifth lower to middle (■, as do 
all the other notes when that crook is indicated. 
Tf the E trumpet is crooked in E f, the 
same written note, (5, when played, becomes F >, 
a semitone lower, an effect more conveniently 
given by depressing the second piston. Tf the 
notation indicates an crook, the player — 
or the instrument — transposes a note lower. 
The G then becomes F ft, and so on. Should 
the part he marked in D, it must he transposed 
a third low r er. As we have shown, each succes- 
sive crook lowers the pitch half a tone down to 
A r. The best way to learn to transpose trumpet 
music is to take a scale and start in F. With this 
F erodk, practise an octavo in 0 major, putting 
down the first and second pistons on the second, 
fourth, sixth, and seventh degrees, thus: 


Ex. 7. (V Crook). 



If these notes were preceded by the words 
“ E crook,” that would necessitate transposition 
a semitone lower, when the sounds would lx? 

Ex. 8. 



Thus, the scale becomes B £. The occur- 
rence of five sharps may make transposition 
appear difficult. To put the crook into F? 
would make it extremely difficult to transpose 
quickly. It would bring all the notes into 
fiats, so this is better left alone and the 
Ej that is written for only used. If the 
same part is marked “El? crook,” the notes 
have to be transposed a tone lower from F. 
Thus, the starting note, originally 0, becomes 
B!?, and that key has two fiats. When the 
D crook is indicated, transposition likewise must 
be a minor third lower ; with the 0 crook a fourth, 
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crook a fifth, and the Aft crook a fifth 
and a half, or minor sixth, lower. Although 
an exceedingly awkward transposition, the latter 
is frequently employed by modern English and 
Russian composers. British musicians often 
write for the trumpet in Bft and Aft, 
because there are few F trumpet players and 
many B l 7 performers. This not only saves the 
latter the trouble of transposing, but keeps parts 
from being disfigured with transposition marks. 
The F trumpet student is advised at first to 
practise perseveringly very low scales. In this 
way he can familiarise himself with transposing 
the music, using the pistons according to the 
indications for the different crooks. The scale 
of C will soon become familiar in every key if lie 
does this. Then he should take a short, easy 
exercise and practise it in the same way. Next, 
he is recommended to get an oratorio trumpet 
part and transpose that also into the different 
crooks. With average ability, in a short time the 
result will be satisfactory. We give, as an illus- 
tration of such simple transpositions, a few 
bars on open notes only [Example 9|. 

To transfer these sounds from F into Eft, 
depress the second valve. This lowers the pitch 
equally half a tone. The effect, therefore, is 
as shown in Example 10. 

The same passage “crooked in E 1 ?,” a note 
lower than F, would begin on I) ft. There- 
fore, put down the first piston. As in the first 
instance all the notes were open, the same 
sequence will now be obtained. But the D 
(written on the fourth fine) sounds Hat with the 
first valve down, and the effect is better open. 
As it is then the natural open C on the F trumpet, 
it follows that it must be in tune for the I) 
crook. Now try the crook in C. Begin on 
B ft, and transpose a fourth lower. For this 
series the piston must be used, otherwise 
the notes will not be in tune, and will sound 
too sharp. 

For the B{* crook, transpose a fifth lower, 
beginning on Aft. The student will find the 
study interesting if he tries short exercises in 
the same way. 

Exercises. So far, not many tutors have 
been published for the F trumoet, as its beauties 
have hitherto not been fully appreciated. The 
exercises on the next page gives first, the 
fingering of the entire range of the chromatic 
compass, flats in descending being manipulated 
in the same way as sharps in ascending 
[Ex. 11 j. It is of great importance, in 
order to get smoothness and the ability to 
sustain the tone of the instrument, that slow 
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and thirds, which can be extended 
higher up and lower down the comp .ss. 
With its sharpened F s Ex. 14 indicates 
the key of (i major. Ex. 15 deals with 
fourths. Ex, 16 with fifths, which, 
although unmusical when blown con- 
secutively, are usef 1 to be able to 
att ok at sight witho t hesitation. 
Ex. 17 gives sixths. Ex. 18 sevenths, 
and Ex, 19 is an octave study. Of all 
intervals, that- which separates eight, 
notes is the most interesting, since it 
represents t he most perfect consonance 
in music. In painting, it is as if one 
saw a picture side by side with an exact 
facsimile reduced to half the original 
size. The tone-relation .hip of thelngher 
and lower sounds are the same, lmi the 
vibrations, owing to the greater force 
of the breath, *ro more rapid in the 
octave above than in that below. 
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scales should be practised 
carefully every clay. Alt hough 
the beginner will not, of 
course, be able to negotiate 
extremely low or high notes, 
these will not present so 
much difficulty when the em- 
bouchure has been strengthened 
by diligent, study. Ex. 1? can 
be lingered by reference to 
Ex. 11 , and extended an 
octave higher by blowing 
with a tinner lip. it j s 
merely the normal diatonic 
scale, and should he trails 
posed into other keys. To 
acquire facility in the accurate 
articulation of any sound 
which occurs in a mu-deal 
phrase when muling at sight, 
constant exorcise in the pra •- 
t'.ee of intervals is essential. 
Here Ex. 13 deals with seconds 
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THE CORNET 

By John Solomon, A.R.A.M. 

The cornet-a-pistons, introduced about the 
ear 1850, are now common to all military and 
rass bands, as well as concert orchestras. The 
cornet differs from the trumpet, not alone in 
appearance but in tone, its tubing being of wider 
gauge, and conical rather than cylindrical, it is 
usually modelled in B 7 . Cornets are also made 
inO, but are only purchased by amateurs, to save 
transposition-’ when accompanied by the piano. 
The instrument is of brass, the length of the tube 
being about 54 in. This gives the natural 
harmonics of B 7 . 

The cornet is provided with throe pistons. 
These, as in the trumpet, lower or raise the pitch 
of the open notes according to the way they are 
employed. When the first piston is depressed, 
it transposes the open G, second line treble clef, 
a tone lower, to F. If the second piston is put 
down alone, the G is transposed half a tone, to 
G 7 or F2. The third piston, by opening up 
more tubing, lowers the G an interval of a third, 
to E The tone of the cornet is pleasant 
if not overblown, as in very loud playing. ()\\ jug 
to such a tendency, the instrument has received 
a bad name. Nevertheless, an artist can make 
its quality expressive and most delightful to the 
car. Although the cornet can be made to sound 
in a way closely resembling the orchestral 
trumj)et, there is, as a rule, a vast difference 
lietween the effect of the two instruments, on 
account of the dissimilarity in their tubing. To 
begin with, the B 1 cornet is pitched a fourth 
higher than the F trumpet. 

But when crooks are placed on the latter 
instrument to lower the tone, this sounds more 
mellow, owing to the length of the air-column. 
On the other hand, as the shorter tubing of 
the cornet "produces a tone of a higher 
pitch, it- is brighter and more brassy. So 

tiie trumpet, if made above the key of F, 
would lose its proper character through shorten- 
ing the air-column. Be careful, when pur- 
chasing an instrument, to see that it is free from 
faults, such as, usually, cracks, 
wrong springs, or leaky valves. 

The Mouthpiece. Much 
depends upon the shape of the 
rim, cup, and bore of the mouth- 
piece. The rim should neither be 
too wide nor too narrow ; medium 
fcize is best. The cup must l>e 
conical but not shallow, like 
that for the trumpet. When 
buying an instrument, try several mouthpieces, 
and get that most suitable. At first there 
may be some difficulty in this. If the rim 
is not plated, it must be kept scrupulously 
clean. Before putting away the cornet, always 
wipe the mouthpiece carefully. See that there 
are no green spots on the brass. If they appear, 
they are caused by verdigris. Should the lips 
be sore, the result may be serious, and it is far 
wiser to purchase a plated mouthpiece. When 
once simple liotes can be obtained with ease on 
Ihc mouthpiece selected, practise steadily with 
*t until the lips form a good embouchure. When 


tliis is once obtained, no after-adjustment will be 
necessary, as is the case with reed inst rumen t 
players. 

Tone Production. The method of pro- 
ducing sound from the cornet is the same as that 
for the trumpet. The first note to be obtained 
without touching the pistons is G, second line 
treble clef. Then get the G below the G and the 
octave (' above. Sustain such sounds whilst 
mentally counting four very slowly. The other 
open harmonics should then he practised. When 
the open notes ran be produced with ease, the 
pistons may he used. Try them singly at first. 

Putting down the first- piston, get the F, first 
space treble clef, clearly. Then sound B 7 
on the third line above. Follow it by the octave 
B 7 lx*low, and so on. In the same way obtain 
the harmonics from the second piston only. 
When these have been accomplished the student 
will he able to play the scale of (■, using the 
pistons. What is known as the embouchure 
(described in the article on the Trumpet) signifies 
the flexibility and power of the lip in eliciting 
any sound required. Having acquired the ability 
to play the scale in (\ if other scales together 
with exercises are regularly practised, the lip 
will strengthen gradually, and a good embouchure 
result. Avoid distending the eh.eks. 

Natural Harmonics. Owing to the air- 
column being shorter than in the trumpet, the 
cornet has a more limited compass [Example 1J. 

Except by great soloists and then only for 
show purposes —the fundamental harmonic, or 
bottom 0, is never used. Again, No. 7 (B7) is not 
fingered as an o|ien note, its effect being better 
when played with the first piston down. The 
extreme harmonics. Nos. 1) and 10, are seldom 
employed. Exceptional players, however, get 
even higher sounds than these. But the normal 
compass of the cornet, is from FT, on third ledger 
line below' treble clef, up to C, on second ledger 
line above’ the staff. Only on rare occasions is 
the i) above required. 

Shanks. In place of the crooks on the 
trumpet, the eornei has two shanks. These arc 
in B 7 and A 3- An A 7 crook was formerly 
used, as well as a G crook. These 
are now obsolete. As the cornet 
is modelled in B 7 , the B? shank 
can scarcely be called an addition.’ 
It is a part of the instrument, but 
its use is convenient-. It saves the 
player's face coming in contact 
with the body of the instrument. 
Without this shank, the cornet 
would be nearly half a note sharper in pitch. 
The A shank, being longer, transposes the in- 
strument half a tone. Middle (\ when the B? 
shank is adjusted, thus gives B^ on the piano. 
The same note, with the A shank, sounds A3 
on the keyboard. Flat keys are generally played 
most easily with the B? shank, and sharp keys 
when using the At} shank. 

Valve Mechanism. The use of pistons 
came in about the year 1814. In 1832 an instru- 
ment- appeared called the stop-trumpet, or 
cornopean in B !?. This gave the natural har- 
monies. It had three valves, or pistons, and the 
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power of lowering the open notes six semitones, as 
in the valve trumpet. To-day the first piston, 
when pressed down, transposes a whole tone, 
the second a half-tone, and the third lowers the 
open sound a third. Yet, this is not always the 
case. For example, certain notes in Example 2 
can be obtained by pressing down the first 
valve. 

The noles bracketed on the sixth and eighth 
degrees, not# Unrig in tune, are better produced 
when the A ^ is lingered with the second arid 
third pistoiiH together and the (■ is played as an 
open note without touching the pistons. When 
the second valve, is lowered, the series shown in 
Example 3 results. 

Here, G> and Gjj, not being in tune, are 
fingered respectively by use; of the second and 
third and first and second valves. When the 
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third piston is lowered, the sounds indicated in 
Example 4 can lie obtained. 

In this series, four notes need tempering. By 
the alternative lingering indicated they are 
produced correctly. When the second and third 
pistons are pressed dmvn, the eleven sounds 
r»4f2 


shown are possible, but as, after the first three 
are obtained, the others a?e not in tune, it is 
bett<T to linger these in^tho way marked in 
Example 5. 

When the first and third pistons are depressed, 
the notes indicated in Example 6 can be sounded. 

Here, again, after the first two, the others are 
better fingered in the usual manner. When the 
three valves are. pressed down, the harmonic 
series shown in Example 7 is obtained. 

As will again be seen, only the first two notes 
in this sequence are satisfactorily produced by 
all three pistons. The others should be fingered 
as marked. In the next example, as a guide 
to the student, we show the entire chromatic 
scale, or series of notes elicited from the cornet. 
Flats, in descending, are lingered as are the 
sharps in ascending. The five highest notes 
are seldom required. Neverthe- 
less, we give them, since modem 
composers think little of tres- 
passing beyond the recognised 
compass. Beginners, however, 
should not, in playing, venture 
beyond the top 0 [Example 8J. If 
they do they may injure their lips. 

Slurring and Phrasing. 
As the cornet is a solo instru- 
ment, correct slurring and phras- 
ing upon it are even more im- 
portant than intnmqiet playing. 
As explained under Trumpet, a 
slur is a line placed over or under 
certain notes, 1 hiking them to- 
gether, so that they arc; rendered 
smoothly [Example 9j. 

When a song is adapted as a 
cornet solo, study tin words. If 
these are understood and remem- 
liered, the slurring will be assisted, 
and the piece performed as it 
would be sung, the player taking 
breath and phrasing in the same 
way. Slurs on open notes, as also 
those given by valves, will be 
found difficult at first. Especially 
is this the case with intervals 
of the fifth and sixth, as in 
Example 10. 

For the mastery of such diffi- 
culties, several weeks may be 
necessary, but unremitting prac- 
tice will overcome them. Every 
fresh slur, however, may not 
admit of a fresh inhalation, be- 
cause one breath has to suffice for 
a whole phrase, or musical sen- 
tence. Slurring, therefore, is sub- 
ordinated to phrasing, although 
the former bears an important 
part in' a long passago in which 
many notes may be slurred, the 
ot hers being separately tong tied. To phraae well, 
the student should endeavour to sing upon the 
instrument. This is impossible without paying 
constant attention to the art P of phrasing. 
Unless a solo is phrased, it is apt, on the comet, 
to sound vulgar. Instead of being vocal, the 
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effect ia harah and crude. So the breath must 
only be taken when a phrase ends, 'or before it 
begins. To do this artistically needs ex- 
perience. In some cornet music, phrase marks 
are printed. In the majority of solos this is left 
to the judgment of the performer. 


same sounds will result as in the last instance. 
It will therefore be seen that, in transposing a 
fourth and a fifth, both erooks, used alternately, 
give the same tonal effect. 

When horn part a have to be transposed, it is 
necessary to read below instead of above. To do 
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— i — - i- 


trri- C?- 

S® * T ' 











<zl- 





Ex. 9. Andante. 



Transposition. Cornet players in an 
orchestra are expected to be able to trans- 
pose at sight. Horn and trumpet parts are 
frequently handed to them by the conductor 
to interpret in this manner. The beginner, 
therefore, is advised to accustom himself to 
transposing any scale or small piece. First trans- 
pose a note higher, then two notes, and so on up 
to a fifth above. Supposing that the trumpet 
part to be read by the cornet is crooked in (', 
the cornet should then have the B!? shank. 
With this on, read a note higher. This makes the 
key I), with two sharps, instead of C. without 
sharps. 

Remember, always, when accidentals occur 
that sharps must be read as naturals, naturals 
as sharps, and flats as naturals. Think of the 
key into which the music is being transposed. 
As the trumpet part crooked in (■ is being 
rendered by a cornet in B!? a note higher, it 
must be borne in mind that every F and C in 
the key of D is sharp, the E2 and B*J in the 
trumpet parts becoming F J and C £ on the cornet. 
If the trumpet is crooked in 1)1?, and the cornet 
is in Bt\ a minor third higher, <\ third space 
treble clef, will become E on the fourth space, 
and that key has three tlats, B, E, A. If the 
trumpet is crooked in D tJ, the cornet must then 
have on the A shank. The transposition, there- 
fore, will be a fourth higher, and (- on the third 
•space will then be read as F on the fifth line, with 
one fiat, B. Here the note F, whenever it occurs 
in the trumpet part, represents Bt> in the cornet. 

If the trumpet is crooked in Et\ put on the 
B[> shank. Read a fourth higher, as in the last- 
instance. If the trumpet part is crooked in K, 
use the A shank and read a fifth higher. O, third 
space, then becomes D above staff, and 0 major 
has one sharp, F. If the trumpet is crooked in F, 
adjust the Bt? shank. Road a fifth higher. The 


this most players mentally trans- 
pose the notes upwards, and play 
them an octave lower, since 
the horn, having nearly double 
the length of tubing of the cornet, 
voices all notes at a deeper pitch. 
Thus, if (•, third space treble clef, 
is written for the horn crooked in 
F, to lender suitably that note 
on the cornet the B! 7 shank is 
affixed. The sound is transposed 
mentally a fifth higher, to G 
above the staff, and played an octave lower ; 
or it may be read at once a fourth lower than 
written. In either case the* sound heard is G on 
the second line. 

As trumpet parts have to he transposed up- 
wards, the majority of cornet players, when horn 
parts are given to them, find it- easier to make, 
mentally, the usual ascending transposition 
and then play an octave l>elow r , rather than 
transpose down at once. If both methods are 
attempted, momentary forgetfulness in reading 
at sight may lead to a blunder. Yet. there should 
be no more difficulty in transposing down than in 
transposing up. It, is only a question of practice. 
To acquire equal facility in either method, the 
student must start at an early age. He is not 
likely, otherwise, to master both principles in a 
way to he depended upon. Therefore, practise 
systematically both methods. Begin, however, 
by transposing each note in the scale of (', first 
one tone, then three tones, a fourth and a fifth 
higher. If transposition is neglected at, the* 
beginning of cornet study it is more difficult 
to acquire later. Its importance for professional 
purposes cannot be too much emphasised. 

Studies. The cornet method most in use is 
that by Arbon. It begins in the simplest way, 
and advaneos gradually to the most difficult 
studies a player is lik“lv to need. Tutors by 
Kosleck, Bonniseau, Forrcstier, and Saint 
Jacomb are well known. The latest and best 
publication at, the time of writing is by Hermann 
Pietsch. It is published in English as well as 
German, and is issued in two parts. The beginner 
is advised to play all exercises very slowly at 
first. Make sure that each note is correct in 
pitch and of good quality. Attention must l>e 
given daily to mastering the scales. Interval 
practice should follow. This must be done 
systematically. From the note (’, first ledger 
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Ex. 11. Thirds. 



Fourths. 



lino- below sta.1T, piny in intervals of thirds, THE HORN 


fourths, fifths, etc., up to octaves | Example 11]. Paul Corder 

If the student desires to oxeel, the study of Before taking up the study of the horn (it 
intervals is essential. IFe must get; accustomed, j a rt ] so known as the French horn and the valve 

first, to hearing the sounds. As one piston horn) the student should understand something 

produces several sounds, the ear must detect of the principle which underlies the production of 

the right one, and the lip blow it instinctively. sound from those brass instruments of which tho 

In this matter beginners are frequently careless. horn, trumpet, and trombone are tho most 

The habit easily grows upon them. Unless mis- important types. All the instruments referred 

takes .are pointed out, they are themselves to, besides many others, consist of a tube of 

ignorant that wrong notes arc being sounded ; met{l l (brass being most frequently used) of 

therefore, liegin all new* exercises slowly and conical bore — that is, larger at one end than the 

listen carefully. When sure that the notes are. oihor ijCi us j nquirc briefly into the acoustical 

correct, the time can be accelerated. Transpose properties of such tubes. 

the same exercises into other keys, always playing Taking one with a length of 8 ft., it is found 
slowly at first. Afterwards, the semibreves can that, on putting into vibration the air eon- 
be played as minims, then crotchets, quavers, or, 

finally, a* semiquavers. When the student is suffi- tnined within the tube, the note 

cicntJy advanced for solo playing, slow melodies. 



such as easy songs, are advised. These, and other 

simple cornet pieces, can be obtained cheaply. produced. This is termed the fundamental 

Double and Triple Tonguing. Double note of that length of tube, and were it tho only 

tonguing implies two notes repeated quickly, as note capable of boin ; produced from it, the tube 

if the syl- would be of little use as a musical instrument. 

Ex. 12. lables “ t u - Hut it is possible to make the column of air divide 

ku, tu-ku” into two equal parts, each half vibrating inde- 

oto. were pro- pendent ly ; the note now sounded is the 0 

n o u n <• c d an octave; above the previous sound. Further - 

| Example 12J. more, the air-column can be made to vibrate 

Some players reverse the words. in thirds, quarters, fifths, sixths, and so on, the 

To triple tongue, or repeat Ih’ve notes rapidly, notes produced in each case being shown in the 

the syllables employed are “ tu-tu-ku.” Some illustration at the top of the next page, 

teachers prefer “ tu-ku-tu,” but the sounds are Those notes written as crotchets are imper- 
mirer and more even with the former method. fectly in tune, and tin* last two art; very difficult 



Again begin slowlv. Try this example : 
Ex. 13. 


of production. 

This series of notes is termed the scale of 



When these notes are properly sounded, be- 
ginning in sltnv and ending in quick time, and 
are articulated equally, another note should he 
treated in (lie same wav until triple-tonguing is 
accomplished on every degree of the scale. 

As the comet is the leading brass instru- 
ment. in a military band, there is a tendency 
for many beginners to take up this most 
popular of wind instiumcnts. Thus the supply 
of players often exceeds the demand; bur for 
orchestral engagements conductors naturally 
select only recognised artists of proved ability. 

In conclusion, the student is advised not to be 
in a hurry. To become a first-class cornet player 
is a long and arduous undertaking. (treat care 
must Ik; exercised against the contraction of bad 
habits. When beginning a new study, four long 
beats should be counted on slow notes, to make 
sure that the sounds are correct. 


natural harmonies, and constitutes what are 
known as the open notes of the horn. 

Now we may leave generalities and come to a 
more particular account of how these facts 
apply to the horn. The tube of which it is com- 
posed is, on account of its extreme length, coiled 
up into a convenient form. One end opens out 
abruptly into a wide “ bell,” the other is fitted to 
receive the mouthpiece or extra lengths of tube. 
The mouthpiece is a conical brass tube, the 
exact shape and bore of which varies' according 
to circumstances; for facilitating the pro- 
duction of the higher harmonics a slightly smaller 
bore is advisable than would be preferred for 
the lowest notes. 

The CrooK It will be seen on reference to 
the table of harmonics that only a limitednumber 
of notes «s possible on this instrument, and if 
the music should lie in any other key than C, 
still fewer notes are available. This drawback 
was partially overcome by tho use of a series 
of extra coils of tube, called crooks , which, by 
adding to the length of the horn, lowered the 
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pitob. of the fundamental note and consequently 
of all the harmonics to a corresponding extent. 
Thus — the body of the horn has a length of 
7 ft. 4 in. — by adding a tube about 8 in. long. 
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called the C alto crook, the scries of notes 
already given will be produced. A crook 55 in. 
in length will cause the whole series to sound 
A fifth lower; this is called the F crook (F being 
now the fundamental). One in (J basso increases 
the length to 16 ft., and lowers the pitch a 
whole octave. In the same way crooks of any 
length can be made to pitch the horn in whatever 
key is required. 

Now, since the pitch of the notes is determined 
by the crook in use at the time, the player blow- 
ing the same relative series in any case, the custom 
arose of writing always for the horn’ as if in (1 
alto, previously directing which crook was to be 
used. This saves the player the trouble of trans- 
posing, although it is woefully puzzling to the 
student to find the written notes meaning any- 
thing and everything at random. For this 
reason the matter has been explained at some 
length, as, since the modem innovation of 
valve mechanism, the older 
customs of crooking and trans- 
posing seem useless and mean- 
ingless ; for the horn in use at. 
the present time has none of 
the drawbacks attendant on the 
old “hand horn,” ns it was 
called, the gaps in the har- 
monic series having been tilled 
in by means of an ingenious 
mechanissm which may now 
he briefly described. 

A short length of tube is in- 
terpolated in such a way that, 
on depressing a piston attached 
thereto, the air is diverted 
through this extra tube in 
the courso of its passage through the main coil 
of the horn. This is, in effect, temporarily 
increasing the length of the horn and lowering 
its pitch. On raising the piston, this extra 
tube is out out of the circuit, and the original 
note restored. The modem instrument is pro- 
vided with three of these devices, the first 
lowering the pitch a whole tone, the second a 
semitone, and the third three semitones, while 
any two can be used in combination or all 
three together; this last will lower the pitch 
to the extent of six semitones. It will now bo 
readily understood how a complete chromatic 
scale can be played throughout the compass 
of the instrument. 

So far we have spoken only of what the horn 
is capable; it remains now for the student to learn 
how it is possible to set in motion this column 
of air so as to produce any note required of the 
harmonio series. 



VALVK JTOKN 


The illustration shows a valve liom by Oortois 
and Mille. The coil marked A is the F crook, 
B is the mouth piece, the piece marked C is 
made to slide out in order to tune the horn to 

l , tlio exact pitch in use. If 

the course of the tube is 
followed from the bell, it will 
be seen to divide into t wo at 
H. This is not actually the 

i i i »; 1 7 is tt • i • . 

eas:% as H is merely a strut, 
to strengthen the pipe, and 
has no air- passage through it. The three pistons 
are. numbered 1, 2, 3, and attached to them are 
their tuning-slides, marked respectively 1), E, F. 

The horn is held thus : the little finger of the 
left, hand is passed under the hook (1 (in some 
instruments a ring is substituted), the other 
three lingers are thus brought into position over 
the three pistons, while the thumb is passed 
through the coiled tube and braced in a con- 
venient position. The right hand is to be 
arranged as compact ly as possible, t he lingers close 
together, the tip of the thumb resting along 
the front of the forefinger, the whole hand 
slightly curved, and then inserted in the bell 
of the instrument as far as it will go. 

Tin* important matter of the arrangement of 
the lips, or embouchure, as it is termed, now 
claims attention. A description of this is any- 
thing but easy. Tt. may, however, be stated 
that it is useless to blow through a horn as you 
would t hrough a whistle ; neither 
should t he cheeks be distended ; 
on the contrary, they must be 
drawn in until the muscles on 
either side of the mouth are 
felt t o be exerted. The lips are 
drawn together so that the air 
issues from them by a smalt 
aperture under considerable 
pressure, which pressure is regu- 
lated by the muscles of the 
checks and lips. The tongue 
and the upper teeth form a 
kind of valve, by means of 
which the compressed air can 
he retained in the mouth and 
lungs independently of any 
assistance from the lips. By pronouncing the 
syllable “ ta, M a thin stream of air will he 
released and allowed to issue from the Ups. 

A first attempt, to produce a note from the 
horn is fraught with considerable uncertainty. 
Very possibly no sound at all will be forthcoming, 
but by careful experimenting, and making slight 
alterations between the relative positions of the 
lips and the mouthpiece, a sound of some sort 
will eventually evolve itself. Wo want, for a 
first attempt, to produce the note 0, first* ledger 
line bass clef, sounding, of course, a fifth lower 
if the F crook is being used. Let the student 
keep this sound in mind, and try to reproduce 
it. It is more than probable that he will make 
some entirely different note, perhaps B This 
is caused by too great an air-pressure ; leave the 
lips and cheeks looser, and try again. It will 
not he long before he attains the adjustment 
necessary for the required sound. Having 
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gained this first step, a very slight increase 
of pressure will give K, first line treble clef, and 
a little more the (1 above, and with these three 
notes the student should rest satisfied for the 
first lesson, turning them into an exercise, of 
which tilts following may be taken as a specimen : 



When a certain amount of mastery over this 
and similar exercises has been attained, the 
compass may be extended by the addition of 
C, third space treble clef. The greater pressure 
required for this and higher notes is obtained 
partly by tightening the lips and compressing 
tlie cheek muscles, and partly hy forcing the 
mouthpiece against the lips hy means of the 
little finger of the left hand. In striving for 
this C the student may possibly sound 10 
at times, but this note should be avoided, as it 
is imperfectly in tune and is seldom used as 
an open note by horn players. 

Before making any use of the pistons, the 
student should extend his acquaintance with the 
open notes until complete facility is obtained 
fiver this scries : 


on a lower crook, say, Et>, but may after- 
wards be played on the F crook. The very 
greatest, pressure required for the top 0 is 
obtained in the manner previously described, 
bill/ in a greater degree. 

It should be mentioned that the bass clef 
is sometimes used for the 
q r [] lowest notes, and much 
TH i ~ II confusion has resulted from 

° L >> J the practice of the older 

composers, when so doing, 
of writing an octave lower than the part is to 
be played. This senseless custom lias now 
!>een abandoned, and modern composers intend 
their music to Ik? played as written, whatever 
clef they use. 

At this stage the ambitious student should 
procure a book of further studies and exer- 
cises. Oscar Franz’s “ Wald-horn Schule ” 
can he confidently recommended ; it has, 
however, the disadvantage of being written 
in German, although this in no wise affects 
the studies contained therein. The horn 
parts of * standard classical works will like- 
wise afford excellent practice. The sym- 
phonies of Mozart and Beethoven, and 
many others works of about the same 
period, were wriffen for the horn without' 
valves, and therefore contain almost entirely 



~&r 

The low (1 will probably give considerable 
difficulty in production, and may necessitate 


open notes. 

The Valves. Tt is now time to make use 
of the valves, by means of which, as has 
already been explained, a complete chromatic 
scale can lx* obtained throughout the whole 
compass. The lingering for this is shown in 
the illustration lielow. 


a complete change 


of embouchure, as 


the lips require to |(T) ^ 

lx? very loosely __ - 

arranged. It will — ^ ^ 

he noticed, also, ‘ y y -<s>- 

that after prae- j j) - » — — — 

tising thi* higher \/\ ^ ^ 0 tv „ 

notes tfie low ones " i 

are more difficult f ° 5 


of production, ami when the low ones have, been 
practised the high notes become proportionately 
difficult. This is caused by the great difference, 
of embouchure between the extreme notes of 
the horn’s compass, for which reason the first 
horn in an orchestra seldom goes below 0, first 
ledger line bass clef, and the second randy 
rises above G, third space treble, clef. Of 
course, a solo performer must acquire, by 
constant practice, equal facility over the whole, 
compass. 

^ It will bo remembered that the fundamental 
note is an octave below the low C already spoken 
of; bill this note is scarcely possible, except on 
the higher crooks, and even then it is so weak and 
uncertain as to he practically useless. On the 
other hand, the notes above the high G, as 
far as C, second lodger line treble clef, art! 
quite possible, although difficult, and should 
be diligently practised by the student who 
aspires to play “first horn.” They will be 
found 'somewhat easier if practised at first 


It will be noticed that for certain notes there 
is a choice between the first and second fingers 
in combination with the third, either finger- 
ing lowering the pitch three semitones. Most 
horn players seem to prefer the 1 2 fingering, 
partly because the third finger is less agile 
than the other two, and partly on account 
of the greater convenience in such passages 
as this : 

| The line indicates that the finger is to be kept 
down.] 

Tf the third piston were used here it would be 
necessary to raise it simultaneously with the 
depression of another, which might impair tlx* 
smoothness of the passage, whereas, by using the 
lower fingering, only one movement at a time is 
necessary. 
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Furthermore, a little consideration will show 
that many notes have several possible fingerings. 
‘Hie B on the third line may be lowered from 
the open C by the second piston, or from the 1) 
by the third, or from E by the first and third. Jt 
is impossible to make any rules for the employ- 
ment of these additional fingerings, their use 
being solely a matter of convenience, but an 
example or two may serve to indicate their 
usefulness. At the top is shown the ordinary 
fingering, that given Mow shows the simplicity 
attained by the alternative fingering. 



The valves are provided with sliding pieces of 
tulx? for the purpose of tuning, according to the 
crook in use ; the lower the crook, the more 
extended must be the slides. The position shown 
in the illustration is right for the F crook. 

The major and minor scales and arpeggi 
should now be practised in all keys and exercises 
in the various intervals, a useful, though some- 
what difficult one being the leap of an octave, 
thus : 



Slurring and Phrasing. A few words 
will l)e advisable on the subject of slurring 
and phrasing. It has been shown that a note was 
produced by pronouncing the syllable “ ta.” 
This has tlio effect of giving the note an accent, or 
“attack.” But one note may lx* made to glide 
into another without any perceptible break 
by pronouncing (approximately) these sounds : 


yi r 

— 

— 


— i 

-=j: & {] 

l . L H^ 

ta . I. 

— 

ta 

— 

- i, 

ti - a, 

— 

ta 

- i - c c. 


thus making the vowel-sounds more acute as the 
passage ascends, and broadening them in a 
descending passage. It is, of course, possible, 
and often desirable, to “ attack ” a note so 
gently as to entirely avoid an accent. When 
two notes are slurred together, as in the fore- 
going example, the second one should be played 
more lightly than the first, and especially so when 


the second is the shorter of the t wo. If the reverse 
effect were required it would be specially indi- 



im plying a crescendo . 


cated, thus : 


The student should now endeavour to cultivate 
a wide range of tone, varying from Ihe beautiful 
dreamy pianissimo to the big “ brassy ” fortis- 
simo, taking care that the air-pressure and em- 
bouchure do not alter and so affect the note. 

One of our most eminent horn players, before 
playing at a concert, invariably practises a 
scale iu this manner. 





taking breath for each note and holding it as long 
as possible. Jt is one of the finest exercises 
for getting one’s lips into good condition. 


The Mute. A curious effect is produced on 
the liom by inserting a suita l>ly-sha|K*d pad or 
block into the bell of the instrument. 'Phis, 
which is called a mute , is indicated in German 
music by the words ‘‘ wit dumpier," or in most 
other countries by k * con sordino or across 


over a note, thus, is sometimes 

used instead. Muted horns played pianis- 
simo have a curiously faint and far-away 
sound played fortissimo the effect is not easily 
desoriMb but it is very different from the open 
sounds. For isolated stopped notes the horn 
may be muted with the right hand by bending 
it over at the knuckles and blocking lip the bell. 

There is a remarkable want of agreement, 
among theorists as to the; precise effect produced 
by the* mute on the pitch of the; horn. Before 1 the 
invention of valves if was customary to fill in 
the gaps of the harmonic scale “ by the insertion 
of the hand or other obstacle into the b&ll of the 
instrument, partially blocking the tube, with 
the effe;e;t of lower ivy the pitch of all the notes a 
semitone or a tone.” On the; other hand, another 
author tells us that 11 by stopping the bell with 
a pad the; pitch of the instrument is raised a 
semitone.” Each of these statements is fully 
corroborated by other authors. Which is the one 
to Mieve ? Jn a sense, both authors are correct. 
By inserting the hand into the bell the note can 
lx; gradually lowered to as much as a whole tone ; 
at the same time, by the use of the mute or hand, 
it is possible to play a passage a semitones higher 
than it would sound without this device. The 
student must remember when playing a passage; 
marked con sordino , to make; allowance for this 
alteration of pitch, preferably by keeping the 
second piston down, when the passage will Ixi 
lowered to its normal pitch. Wlum a rest of 
sufficient length occurs in the music, the crook 
should 1x5 removed and the water emptied out 
of it to prevent any bubbling sound. 


Trumpet, Cornet, and Horn concluded 
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Group 12 

““ LIGHT PORTABLE MACHINES 

38 Electrically Driven and Pneumatic Portable Machine Tcols 

MAt'MiNK 'uhhm for Drilling-, Tapping, Reaming, Expanding, and Riveting 

Continue*! frjin i>ok*- MJA'I 


By FRED HORNER 

/^ONTINUTN<{ our account of those types of port- years, those operated electrically or pneumatically. 

^ able, machines whieh are attached to the work, Both these sources of power are admirably suited to 

wo nolo the valve-face tools, used for pluningup the needs of portable tools, and they are applied in 

worn fa com when the cylinders are in place. A cast- a variety of ways to drive with a rotary or arecipro- 

iron frame is bolted to the cylinder, and it carries eating motion. The obvious advantages are that 

two revolving heads, provided with cutters, which the power can bo conveyed to the tools in a very 

rotate as they arc slid along in grooves, and so flexible manner, to accommodate any movements or 

grtyflually tool the area of the valve- face. For situ- positions, and without such encumbrance as W’ould 

a lions where there is considerable freedom, a small be found if rop°s or bells were used. On outdoor 

portable milling machine with vertical spindle is work especially these rope or belt drives are most 

useful, the spindle being supported in a bearing awkward to produce, because of the difficulty of 

that slides across a rail bolted above the valve-face. finding a location from which to drive off, whereas 

This method also possesses the advantage that by in a shop an overhead countershaft may be attached 

inserting small end mills in the spindle the ports to the ceiling joists. On the other hand, an electric 

may he trued out, neatly and accurately, instead of cable, or a pieumatic hose is simply laid along the 

having to bo chipped and filed. ground and carried over obstacles without trouble 

Key way* Cutters. A very valuable class of «r regard lniing paid to angles or to passing around 

tool which supplants the chipping and tiling method corners. 

in that for putting key grooves in shafts and wheels. Before the advent of the electric and pneumatic 
The first kind of machine usually embodies a set motors, a certain amount of portable work was 

of clamps, which are bolted to the shaft, and effected with steam and hydraulic engines, chiefly 

afford a runway for a bearing supporting a milling for drilling, to save time over ratcheting with a 

cutter, which ploughs out the 
groove, si drive by handle 
being initially given. The 
machine may be carried any- 
where, and fastened on a 
shaft while in place, it. is 
often found necessary in 
engineers’ and other works 
-to add extra pulleys to exist- 
ing shafting in order to dri\e 
new machines laid down, or 
to suit altered positions. 

The alternative, then, is 
cither to cut a key way by 
hand methods, or to take 
the shaft down and put it 
on a slot-drilling machine, 
which cannot usually be done 
on account of the trouble .md 
delay to the shop, or to do 
the job with a portable 
machine, the last-named 
method being the quickest 
and host. In the ease of 
wheels, a portable machine 
may be occasionally useful ; 
it assumes the form of a 
biacket-flha j>ed casting hold- 
ing a reciprocating bar fitted 
with a slotting tool, which 
parses into the bore and cuts 
the keyway in a series of 
strokes. This machine may 
also be hand-driven or 
actuated by a belt or ro]>e 
wheel. 

Light Tools. Wc now 

arrive at a large group of 
machines which have de- 
veloped greatly in recent 
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“ John Bull, 1 * or drilling pillar* and a ratchet brace 
[see 108 , page 835], which is a slow method* although 
convenient where no power is available, as are also 
the hand-driven drills oficruted through a handle 
and bevel gears driving the drill spindle. The 
steam was, however, an inconvenient source of 
power, due to tho condensation which occurs in the 
long pipes, and the 
trouble caused by 
leakages. Hydraulic 
power also suffers 
limitations. Elec- 
tricity gives no 
trouble, nor does air, 
if the pipes are not 
leaky. The source of 
jMiwer — the dynamo, 
or the air-com pressor 
— may be placed in 
any convenient 
location ; in a largo 
works there will be 
many scores of port- 
able machines all drawing their energy from a 
central source. Ship and bridge- building yards 
especially favour the use of these agents, because 
so much of the work has to be done upon partly 
erected structures. 

There are two principal methods of driving the 
light portable tools ; the actuating motor is either 
built into the body of the machine, or it is situated 
a little distance off, and the movement is transmitted 
to the tool through the medium of ropes or cords, 
or by flexible shafts, or both combined. The reason 
for the adoption of one or the other device is chiefly 
one of weight; it would l>c inconvenient and 
troublesome to keep shifting a heavy motor about 
over the work, especially if the latter should be placed 
in difficult situations, and the time occupied »n 
setting and adjusting would be out of all reason. 
Hut if the class of 
operation is so light 
that tho motor and 
the machine parts 
can be moved about 
easily by one or two 
men, then the flexible 
shaft can be d is* 
jtfriHcd with. As we 
shall see later in this 
article, some of the 
lightest tools can be 
handled with the. 
greatest ease by one 
man. yet their capa- 
city far exceeds that 
of the older hand- 
driven tools. The 
commonest class of 
operation done by 
these light jiortable 
tools is drilling, as it 
was also the first 
‘ fleeted by their aid 
when the early at- 
tempts to oust hand- 
work were made. The scope of the tools has, how- 
ever, greatly extended, and many operations that 
were once deemed outside the range of power-driven 
machines are carried out extensively nowadays. 

Electrically Driven Drill. We shall 
consider first, a class of drilling machine driven from 
an ordinary shaft, which, nevertheless, allows a 
great degree of flexibility in the position of the drill. 


The machine, by Campbell & labor wood, Bootle, 
is shown in 112 and 113, the first being a sectional 
elevation through the motor and the drill, and the 
second an external elevation of the. motor and its 
stand. The electric, motor. A, is enclosed and a- 
pinion on its shaft drives a spur wheel on a sleeve 
in bearings above the motor. 'Pile sleeve rotates 

tin* shaft B, which 
is free to slide end- 
wise through Mm 
sleeve, though 
driven positively by 
it at any position 
through a key fit- 
ting in a spline ex- 
tending down the 
shaft. The motor, 
and its frame, in- 
cluding the gears 
and shaft, may 
pivot in a vertical 
li reel ion through 
lie medium of trun- 
nion hearings {'see 113]. These bearings are 
mounted upon a truck, C, by a circular facing 
and central pin, which permits the motor ami 
trunnion bearings to turn freely into any position. 
Tim universal movements thus obtainable allow 
the. operator to bring the drilling head, D, into 
any location he may desire, up or down, or side- 
ways. The base, (\ is fitted with a couple of 
trolley wheels, and two handles, as seen, so 
that it may be wheeled about, and brought into 
position. 'Phe plain feet at the opposite end to the 
trolley wheels prevent motion when the machine 
is standing. There is an eyebolt, screwed into the 
top of the frame, by which the whole affair may be 
slung up in the air, if more, convenient than the 
ground position. The shaft, B, is coupled to the 
drill head shaft with a taper and union nut, and the 
motion is trans- 
mitted thence to the. 
drill spindle, through 
bevel gears. The 
spindle can be swiv- 
elled to any angle, 
and the feed is im- 
parted by the hand 
wheel and. screw 
fitting inside the 
drill sleeve, the end 
of the screw having a. 
point centre which 
thrusts against any 
convenient projec- 
tion, or against an 
arm attached 1o a 
pillar, or “dohn 
Bull,” provided with 
a foot to bolt to the 
work ! 1 14]. A small 
switch attached to 
the *ddc of the head, 
1), enables the opera- 
tor to start or stop 
the motor, A, at will, 
the flexible connecting wires beiug laid between tho 
two. These* machines are made in three sizes, with 
capacities for holes ranging from 1 in. to 3 in. dia- 
meter, the drill speeds varying from 180 down to 
00 revolutions per minute. The motor being a 
series- wound tyi>o, the speed of the drill is pro- 
portionate to the duty imposed. In a different 
design, three -speed gears aro included with the 
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118 to 121. FlexiMo shafts for transmitting jiowor 122, Electric drill 
123-125. Magnetic drilling pillars 


motor frame, to afford considerable variations in 
speeds, for tapping, and other operations besides 
drilling. 

Universal Shaft Drive, In a different 
class of drive, which is largely adopted, flexibility 
of connection is obtained by making the shaft 
with universal joints, having double- pivoted or 
ball fastenings, which allow the parts of the shaft 
to assume angular positions. This being the case, 
there is no need to tilt the driving motor. The differ- 
ences in distance between the motor and the drill 
arc provided for by fitting one part of the shaft 
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within the other, and making them drive 
by a sliding key, constituting a telescopic 
shaft. Figure 115 is a good example of 
this mode of driving, from the practice 
of Emil Capitaine & Co., Frankfort-on- 
Main ; the portable motor, seen to the 
left, mounted on wheels, receives its cur- 
rent from a flexible cable, which is wound 
around the drum. on the top, at the front. 
A drive is taken from the motor shaft to 
a socket on the front, into which the end 
of the universal shaft is fastened. The 
universal joint at this location drives the 
telescopic part of the shaft to another 
joint, which rotates the drill spindle 
through gears ; the spindle is held in a 
frame that, may be secured to the work, 
in this case a boiler flue, by adjusting 
screws. 

Arrangements are made for giving 
different speeds by having a set of gears 
inside the motor frame driving to three 
different sockets, at various speeds, the 
end of the universal shaft being inserted 
in either, as desired. Or if two drills 
happen to be wanted in use adjacent to 
each other, a couple of shafts may lead 
from the sockets and diverge to their 
respective heads. A device which still 
further increases the possibilities of drill 
ing is the distributor, a small stand hav- 
ing several connections loading out of 
it for driving universal shafts, the power 
being put in by another shaft from a 
motor situated a little way off. When 
the distributor is laid down on the floor, 
it operates four or more drills surround- 
ing it, and occupies far less space than 
that required by the necessary number of 
separate motors. 

A somewhat similar class of rig to that 
shown in 115 is illustrated in 116, also a 
Capitaine device. The drill ing head is hold 
to a ousting from which four tubes radiate, 
and carry rods, which are slid into any 
position and looked wutli small pins. 
Screws on the end of the rods tighten 
the affair inside the work, a fire-box in 
the example given. The drill spindle, 
driven from a universal shaft extending 
into the box. is then turned into various 
positions to drill the stay holes. The 
dotted stretcher bar seen near the bottom 
is necessary only when the drill is point- 
ing vertically. 

Boring and Drilling Rig* 

Another application of the Capitaine 
machine is that in 117, which shows a 
boring rig in operation on the face of a 
large dynamo housing in the shops of the 
Allgemeine Electric itats-Gesellschaft, at 
Berlin. The drill head is driven, in this 
case, by a worm gear, enclosed, from a universal 
telescopic shaft coming up from the portable 
motor seen on the floor, and is held in a large 
slotted base piece bolted to the face of the 
work. As the base and the drill Head arc too 
heavj to lift about, a stirrup is attached, and 
suspended from the overhead crane. The man 
is in the act of turning the hand wheel that gives 
the feed to the tool. A boring bar, supported 
between two bearings, may also be driven in this 
manner, with a universal shaft. There is a different 
method of driving used when the electric motor is 
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not possible : the universal 
shaft is worked from a sus- 
pended pulley, connected 
with a hanging rod to a 
pulley in the ceiling, which 
allows a good deal of ac- 
commodation to follow the 
varying positions of the 
drill/ The device is, of 
course, more awkward and 
cumbersome than the motor 
drive, and is liable to get in 
the way of tall work. 

The Flexible Shaft 
Drive* The flexible shaft 
differs from the universal 
telescopic in being able to 
bend, due to its jaxuliar 
construction. With one 
end attached to and driven 
from the motor or other 
source of power, the free 
end may be turned into any 
position which the tool 
demands. The. shaft may 
be bent round a corner, 
where one of the straight 
shafts previously discussed 
could not he brought into 
action. The first, flexible 

shaft was the Stow, a ty j>e st ill employed very largely ; 
it consists of a number of steel wires wound in right 
and left hand directions, and fitting within each 
other to form a sullieicntly strong driving medium; 
the outermost, layer runs inside a flexible tube 
formed of coiled wires of square section, and this 
again is encased in a leather covering. A lubricant 
is applied to the running portion, either lard oil, or 
tallow, but not a. mineral oil, to enable it to run 
freely. The action of the wires will be readily 
understood by taking hold of a spiral spring by 
its ends, bending it to an angle, and revolving 
one end, when it will be found that the motion is 
transmitted around the bend. The reason for 
multiplying the coils is that a single one would 
not be able to stand the strain unless it was of 
excessive thickness, and this would interfere 
seriously with the flexibility. The ends of the curt* 
arc attached to a. short, plain end, which forms a 
means of attaching the driving and the driven 
portions. 

Figure 118 shows a section of the end of a shaft 




126 . ELECTRIC DRILL WITH MAGNETIC POSTS 


120. FLEXIBLE SHAFTS DRIWNO TUBE EXPANDERS 


by Kramos, Ltd., Hath, embodying the central 
core of wires (indicated by cross-hatching), the. outer 
hearing tube, and the leather easing. The end of 
the core is fitted to a short piece of shaft projecting 
through a bearing, the free portion of shaft being 
available for putting on xarious styles of fittings. 
In 119 the shaft end has a rope pulley, with a hook 
by which it is suspended, while the pulley is drivcu 
from a cord actuated from on overhead drive, or 
from a motor. The other end of the shaft connects 
to a breast, drill, driving the spindle through inter- 
mediary bevel gears inside the casing. 

An interesting example of tin* use of flexible 
shafts is illustrated bv 120, the view being taken 
in the works of Messrs. Yarrow A’ Co., Ltd., at. 
Poplar, where the system has been in use for many 
years. The operation is that of expanding tho 
tubes iu water-tube boiler sections, t he c\ panders, of 
a similar character to those described on page 3104, 
being rotated fiom the shafts through bevel gears, 
similarly to drills. In tlx* foreground of 120 tho 
shaft is seen to he operated from a rope and pulley, 
the rope being drivcu from a countershaft. Tho 
second shaft is deriving power from a portable 
electric motor (very much like that iu 112 and 113). 

It is usually ad\ : sablc to connect the driving 
end of a flexible dull with a universal joint, to 
prevent risk of too sharp a bond being made, which 
would put an excessive strain upon the core on the. 
end portion. 

The Coates flexible shaft, instead of possessing 
a central core of wires, has a number of short 
sockets and studs fill mg into each other with 
ball ends and transverst, si nils, so that although 
the. drive is positive, angular relations may occur 
between the units. Tho core revolves within a 
spiral easing, which is surrounded with a protective 
covering; ample lubrication is essential. The 
Wieksteed Hhaft, shown in section in 121, which 
represents one end and a few joints, is built up of 
connecting rods with universal joints screwed on 
the ends to give the required flexibility ; the outer 
casing is a flexible metallic tube which holds the 
lubricating oil for tho joints to run in. Ball races 
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are lit ted to the |>cripherios of the universal joints 
to reduce the friction and wear on the inside 
of the easing to a minimum. The end of the 
shaft has a positive or friction clutch by which 
connection is effected to the tools. The dimen- 
sions range from an outside diameter of casing of 
Jin. up to 2$ in., transmitting powers from }-h.p. 
up •#*> 3-h.p. They can be made in any length 
required, as friction is small. Messrs. C. Wicksteed 
& Co., Kettering, the makers of this shaft, provide 
a portable electric motor, carried on a trolley, upon 
which the motor may be revolved. The shaft 
receives its motion from a second shaft driven at 
A suitable rates from fho motor through friction 
safety gear. 

In addition to the operations of drilling and ex- 
panding mentioned, various other tools may be 
conveniently driven from these flexible shafts, such 
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as taps and reamers, wood -boring, tools, and grind- 
ing and polishing wheels. The latter is a very useful 
application for grinding and polishing work which 
could not be conveniently done on a fixed grinder. 
The operator simply holds the wheel by means of 
two projecting handles on the bearings, and moves 
it about- over the work, to smooth down the inequali- 
ties, and produce a good surface. The flexible 
shaft sticking out from one handle does not interfere 
with the free movements of the wheel to and fro, 
or into awkward corners. 

Direct Driving* The direct-driven tools— 
that is, those which have the motor built into the 
body — are very numerous : they possess the great 
advantage that no moving shafts or ropes are in 
the way of the work or the attendant, the only 
connections being cables or pipes, which can be 
laid along in any manner that happens to be 
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convenient. The direct-driving method also lessens 
complication, and there is only Hie chill or other 
machine to he carried about, instead of a separate 
portable motor, with its connecting ropes or shafts. 

Electric Drills. The electric drills are 
either of hand or hr east type, or used with a. pillar . 
which supports the machine and takes the thrust 
of the cutting. The pillar, in addition to holding 
the machine ready, keeps it at the correct angle 
to the surface of the work: when gripped in the 
hands alone, it is not easy to he sure that the 
drill points quite squarely, though the accuracy 
or otherwise may be judged near enough by the 
eye for ordinary work. The hand drills must be 
provided with projecting handles by which they 
are controlled easily ; 122 gives two views of an 
electric hand or breast drill (K ram os. Ltd.) of 
small size, weighing about 15.1 11). and drilling holes 
up to § in. It consumes 1*2 amperes at 110 volts, 
and is worked from a lamp-holder socket, as used 
for incandescent lighting. The case. A, is cast in 
aluminium for lightness, together with the two 
hollow handles, the right-hand one serving as a 
passage through which the flexible wires are led to 
the motor, first connecting to a switch, 11, operated 
by thfe attendant from the outside, to start and 
stop the drill instantly. Tim motor, C, is attached 
with screws inside the case, which fits the outsides of 
the pole-pieces exactly, as may he seen in the 
plan view. The armature revolves with its shaft 
in a bushed lower bearing and an upper stretcher 
bearing, the latter being necessarily screwed on 
after the armature has been dropped into place. 

As sufliciont power 
would not bo afforded by 
the rotation of the arma- 
ture, a gain is effected by 
reduction gears, compris- 
ing a pinion on the arma- 
ture shaft, driving a large 
spur wheel on the drill 
spindle, so that the latter 
revolves at a slower rate. 

The drills are held in a 
tapered hole in the spindle : 

I he latter runs in a gun- 
met ,d bush, lubricated 
with a iStauffer type lubri- 
cator, and the thrust of 
drilling is taken against a 
ring of balls, which greatly 
reduces the friction. The 
curved plate at the top 
end of the ease is shaped 
thus to fit the operator's 
chest as he leans* over 
and presses the tool down, 
while grasping the two 
handles. This plate is 
screwed op to the case : in 
the plan view it is shown 
removed. Another pattern 
of this machine is constructed to drill holes up 
to £ in. diameter. The speeds are arranged to 
suit high-speed steel drills. 

If required for some kinds of drilling, the curved 
breastplate may be replaced by a plate lilted with 
a. feeding screw', to press against any convenient 
part of the job, or to be suspended from a pillar and 
arm [123], The arm is of tee-section, and holds a 
hooked extension of the drill screw, so that the 
machine hangs steadily when not at work, instead 
of falling down like the ordinary types with a point 
centre thrusting against the underside of the arn . 


Magnetic Pillar. The pillar shown in 
this illustration is not of the usual style, secured 
with bolts to the work, but is of the electro- magnetic 
type, which clings to the iron or steel work by the 
action of a magnet base. The advantages of 
this device are obvious, for it not. only saves a large, 
amount of time otherwise occupied by bolting 
down the foot, hut enables the latter to he secured 
to broad, flat faces where bolts or clamps could not 
be fixed, unless of unusual or very long types. 
The magnetic base, therefore, fills a particularly 
useful position in ship and girder yards, where 
plates of broad area are. common. Figure 124 
(K ram os. Ltd.) gives a sectional view of the base, 
which is hollowed out to receive the energising 
solenoid, the wires being represented by cross- 
hatching. The current is led through the flexible 
wires to a plug which is dropped into the holder 
on the top of the foot, which thus becomes strongly 
magnetised, and clings firmly to the work. It is 
released immediately the plug is removed from the 
holder. The arm on the round pillar may, of 
course. In*! moved around, or up and down into any 
desired position, and (‘lamped by tlu; set-screw 
which squeezes in the split lug. 

Two pillars may be employed for heavy service* 
as in 125, where the drill is suspended from an arm 
spanning between them ; the drill in this example 
is driven from* a ilcxihlc shaft, operated by a 
portable motor, ot the class mentioned previously. 
A photograph showing the application of an electric, 
drill with duplex magnetic pillars, by the Con- 
solidated Pneumatic 'fool Co., Ltd., Loudon, is 
given in 126, the drill being 
put through a girder bf a 
bridge, while the magnetic: 
feet adhere to the vertical 
face of the plate. The 
pillars are made of tubes, 
for the sake of lightness, 
and a number of holes are: 
drilled to receive pins, 
which take the thrust of 
I Ik* spanning arm against 
which the drill presses. 

Heavy Electric 
Drill. A heavier elec- 
tric K ramus drill, which 
is suitable for holes up 
to 1*} in. and weighs about 
tit) lb., is shown in section 
by 127. The. aluminium 

easing. A, of approxi- 
mately triangular form, 
holds the heavy polo- 
pieces, li ft, between 
which the armature, C, 
rotates. 'I’lie drill spindle, 
I), is driven through a set 
of back gears, afford- 
ing a considerable power 
gain, with corresponding 
speed reduction. If will he noted that the arma- 
ture shaft is in the - ime plane as the drill 
spindle, and the bottom end of the former runs 
hole in the latter without interfering with 
the last spur gear attached to the outside of the 
spindle. The details of the hearings, with a ball 
thrust to the spindle, and the lubricating devices 
may be seen clearly, 'flu* current is taken through 
the left-hand handle, formed of pipe screwed into 
the easing, to the starting switch. The handles 
serve a double purpose — that of providing a means 
of lifting the tool about, aud also of preventing 
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132 mul 133. Pneumatic griml*™ 134. Long.sfcroke pneumatic riveting hammer 

13ft anti 130. Pneumatic chipping hammers 
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the case from rotating during use, because they 
catch against the drilling pillar. The thrust of 



catch against the drilling pillar. The thrust of produced fi 

the drill is produced by an ordinary hand wheel C C\ which i 

and screw device, let into the top of the ease, they oscilla 

though not shown. In some kinds of work, such as in a block 

counter- sinking, which can be drilled with the exhausting 

machine standing vertically, the pillar may l»e dis- the pistons 

pensed with and tho tool simply steadied by the machine, a 

hands, while its weight is sufficient 

to give the drill its feed. 

Figure 128 shows another drill 
by Messrs. Kramos, which, though 
of different shaj>e, embodies some- 
what similar construction and 
mode of driving with gears. It 
contains many interesting details 
that may be studied. The feed 
screw is shown let into the top. 

The switch is operated by push- 
ing one or other of the plungers 
seen in the plan view, the effect 
being to slide the contact piece in 
between the two springy pole 
strips, or away from them. A 
Hiifety fuse is provided with these 
drills, which blows out should an 
excessive amount of current pass, 
and so saves the motor from 
damage. Owing to the high speed 

of the working partsettieiontlubri- ^37 pneumatic rmmNU RAMMER 
ration is essential, and particular FETTLING CASTINGS 

attention is paid to fin's point. 

Pneumatic Tools. The pneumatic tools wheel whi< 

constitute a large proportion of the light classes a large sj 

employed in works ; they eomo into rivalry with crankshaft 

the electric types to a certain extent, while in some as fast, as 

eases they do work which electricity is unable at the bolt 

to effect- that is, those which employ hammering, shaft, and 

or reciprocating movements. One reason for the others of < 

frequent adoption of electric tools is that so many may be oh 

lirms have current laid on throughout their works, reducing g< 

which is readily applicable to driving portable tools, of the drill 

and apneumaiie plant, may not be in- 
stalled. When, however, the latter is 
pu t in, f u 1 1 a d v a n t a ge is ta ken, a 1 id 1 00 ! ? 
of widely varied character arc brought 
into service, 'flic power is derived from 
air passed from an air compressor, at 
pressures which are varied to suit the 
work, but usually at SO lb. jmt square 
inch ; a receiver stores a quantity as 
a reserve for the tools to draw from. 

Portable compressing plants arc used 
on outdoor work, where it may be 
desirable to shift the compressor, etc., 
about to different situations. Hose 
pipes lead from the receiver to the 
tools, the armoured type of hose, 
protected with coiled wire, being pre- 
ferable on account’ of the rough usage 138. PNEUM.vtiu caulk - 
and dragging about which it has to tn<« tool IN OPERATION 
endure. A coupling unites the hose to 

the pneumatic tool, and means of shutting off dors. A, wh 

the supply of air are provided, as we shall set* later. that is tivi 

Pneumatic Drill. The production of a phragm, H 

votary motion by compressed air is effected in the the c.yliud 

majority of eases by cylinders and reciprocating toothed dr 

pistons, like those of steam engines. Figure 129 chamber ll 

gives three views of a reversible drill (made by the ami causes 

Howard Pneumatic Engineering Co., Eld., East- medium of 

bourne), which is of rather simple construction. in a hollow 

The easing, cast in aluminium, holds the drill diaphragm 

spindle, A, inside a sleeve, from which the thrust hole. No 

is taken by ball races and transmitted direct to chamber, e 


the feed screw, B. The rotation of the spindle is 
produced from a pair of little oscillating cylinders, 
C C\ which are mounted on trunnions, and which, as 
they oscillate, cover and uncover the air jxisaagos 
in a block lying between them, so admitting and 
exhausting air alternately to the opposite, sides of 
tho pistons. The. handle, 1), serves to steady the 
machine, and also to turn on the air, by partly 
twisting the knurled outer sleeve, 
which lets the air pass through 
boles and so from the. supply pipe 
screwed on the. handle cud, to the 
cylinders. This handle is used as 
well to reverse fhe direction of 
motion of the engines. It is 
screwed into the valve disc 
betwMwn the cylinders, and has a 
spring collar on its body which 
engages in slots cut in a quadrant 
outside the easing. By swivel- 
ling I) around to the position in- 
dicated by the dotted lines in the 
plan the relations of the inlet 
and exhaust passages are altered, 
and so the engine runs backwards, 
a useful provision for tapping and 
tube expanding. 

The piston rods of the two 
cylinders drive to ervinkpins at 

iiitino rammer ^ 11 J’aW.co.i crank- 

shaft, on the end of which there 
is a spur pinion meshing with a 
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wheel which drives another pillion engaging with 
a. large spur wheel on the drill spindle. The 
crankshaft rotates from ten to fourteen times 
as fast, as the spindle. By taking off the cover 
at the bottom, removing the pinion on the crank- 
shaft, and its companion W'hool, and substituting 
others of different ratios, varying rates of speed 
may be obtained to suit the operations done. A 
reducing gear is also tilted as an extra to the front 
of the drills, by which a slow and very powerful 
motion is obtained for heavy tapping. 
Another useful attachment, is the ex- 
tension gear, consisting oi a small 
auxiliary spindle with its feed screw 
standing out fiom the easing of the 
machine in a manner that enables holes 
to he drilled in very close situations, 
su«*h as in corners, or close, up to plates, 
which would prevent the main spindle 
from being brought into action, on 
account ol 1 he bulkiness of the casing. 

The Howard Company have a little 
machine designed for drilling met. d and 
Mood M .th d? ills and bits of small 
diameter, which dri\os by means of i 
fan wheel with vanes at a very high 
speed. 

ITU CAULK- The Boyer drill { 130] ((’onsolidated 
)PER \TK)N Pneumatic 1 ool f o. , Ltd.) is a i at her 
unique design, possessing three cylin- 
ders, A, which revolve at* mid a common pin-crank 
that is lived into the top of the cover. A dia- 
phragm, B, separates an upper chamber containing 
t he cylinders from a, lower one holding tho 
toothed driving gears. Air is admitted to the. top 
chamber through the throttle handle on the left, 
and causes the single-acting cylinders, through the 
medium of their pistons, to revolve a disc ending 
in a hollow shaft that passes centrally through the 
diaphragm. B, with a leather washer surrounding the 
hole. No air can therefor*: get out of tho upper 
chamber, except through the, cylinders and along an 
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cxlmuafc passage communicating witli this hollow 
shaft, whence it esea]>es through two holes oil the 
sloping undersides of the ease. A small pinion is 
fastened on the end of the hollow shaft, and engages 
with two spur gears meshing with an internal ring of 
teeth inside the ease, Each wheel tits on a pin 
forming part of a sleeve or soeket holding t lit* drill 
spindle, C, and as the wheels travel rapidly round 
tlie ring of teeth they carry the sleeve with them, 
and so rotate the drill, hall hearings are fitted to 
relieve the friction A drawing of a four-cylinder 
reversible drill by the same firm was gi\en on page 
18011, to which reference may be made*. 

In 131 we have an example showing the applica- 
tion of a pneumatic drill, in conjunction with a 
magnetic stand, drilling the deck-plates of a battle- 
ship. This illustration is from the practice of the 
Pneumatic Engineering Appliances Co., Ltd., Lon- 
don, the drill being one of their Thor types with 
four cylinders. 

Pneumatic Grinders, (binding machines, 
driven pneumatically, are coming into use to a con- 
siderable extent for finishing and trimming surfaces 
which cannot In* handled on ordinary grinders in 
the shops. Figure 132 shows the Whitelaw grinder 
(Consolidated Pneumatic Tool Co.. Ltd.). The 
frame, of flattened form, with rounding ends, 
carries two oscillating cylinders on trunnions, with 
a \alvc set between the two. The piston rods drive 
the pins of the crank, on the end of which is mounted 
a grinding wheel. The two knurled handles seen are 
for holding the machine to its work, the lowermost 
one taking the hose, and shutting off the, air or 
turning it on, with a mechanism similar to types 
described before. 

Figure 133 illustrates another Whitelaw grinder by 
the same firm, for a 10-in. wheel, which has the two 
handles placed in a better position foi even control ; 
they are round knurled sleeves set in extensions ot 
the frame, one of them being a \ alve. 'Two oscillating 
cylinders on each side of the wheel dri\e it (one 
cylinder only is seen in section). An eyelet in the 
top of the frame is useful for susjH*nding the latter- 
over the work while the attendant guides it about. 
If .i very flat surface has to be ground, the wheel 
may Ik* controlled by lifting guide strips to surround 
it and to rest on the work, so that as the machine is 
slid over the wheel must take an equal depth of cut 
everywhere, and move in a true plane. Some of the 
largest machines are designed for grinding armour- 
plate after it lias been put into place. 

Reciprocating Pneumatic Tools. The 

rotative types of pneumatic motors all have their 
rivals in the electric motors, hut there is another 
held in which they hold their own— -in the production 
of reciprocating motion, for striking blows, aneqiera- 
tion that cannot lx* effected by electricity except 
in a very roundabout ami clumsy manner. The 
mode of action is to drive a sliding piston alter- 
nately to and fro, causing it to strike an extension 
ot the tool, and so deliver a rapid series of sharp 
blows, from fi()0 to 2,000 per minute. The operator 
ho^ls the tool and keeps it up to its work, air being 
led from the supply through a flexible hose. 

Hammers for chipping, caulking, and riveting 
do not differ from each other in the essential action, 
but as the last-named operation demands very’ 


heavy blows in order to close up the rivet tails 
quickly, what is termed a long-stroke hammer is 
used, constructed with a much longer barrel than 
the chipping hammers, in order to give the piston 
a longer stroke. The air pressure is also usually 
greater, averaging 100 lb. per square inch. 

Pneumatic Hammers. A sectional drawing 
of long-stroke hammer has been given on page 1803, 
of the Boyer type. In 134 the Tierney riveting 
hammer (the (Jlobe Pneumatic Engineering O., 
Ltd., London) is illustrated in outside and sectional 
views. The air is led in through the screwed hole 
at the bottom of the handle A, and is admitted at 
will by the ojM*rator when lie clasps the lever B, 
which has the effect of opening the spring-closed 
valve and passing the ait* up the passage (\ from 
which it gets through holes and past the valve 
(shown black) behind the piston II, driving the latter 
forward until the hole H is uncoveied, which admits 
air at full pressure and drives D with great force 
against snap E. The automatic action ot the valve 
(shown black for clearness) then shuts off the air 
behind, and admits a supply in front of the piston, 
through the long passage F and hole (J, driving 1) 
backwards in readiness for another blow. Tin 
exhaust takes place through H. 

A Tierney chipping hammer of shorter stroke is 
illustrated in 135 in external and sectional elevations, 
witli a chisel in position, and also shown separately. 
The shank tits by a part round and part octagonal 
portion, to prevent its rotating in the bushing that 
is fixed in the nose of the tool. The action of the 
hammer is similar to that in 134, but a modification 
is made in the position of the air-holes on the under- 
side, because of the greater length of the piston 
(seen separately). 

A duplex-valve hammer made by the Pneumatic 
Engineering Appliances Co., Ltd., London, shown 
in 136. is noticeable on account of the double valves, 
which give a better action to the tool at high speeds. 
The air is taken in by a pipe screwed into the hole at 
the* bottom of A, and is controlled by the thumb 
lever B, which operates the spring valve inside (\ 
letting the air rush against the ends of the circular 
valves DI), and force them apart, so that they 
uncover small ports communicating with tho 
cylinder K, and admit air behind the piston F, driv- 
ing it against (he end of the chisel, or caulking tool (5. 
When the* piston is in the position drawn, it has 
covered up two holes connected witli passages H 
and .1, and live air is admitted through the passage 

K, and around the recess on the piston into passages 

L, which cause the air to get behind the valves and 
drive them inwards, allowing the air behind the 
piston to exhaust through a hole in the cylinder 
end and out. through other holes in the handle to the 
atmosphere. At the same- time air is passed through 
small holes in the valves I), along a passage, and in 
front of the piston, where the escape drives the piston 
backwards. 

Figure 137 shows one of these hammers in opera- 
tion, the work being that of fettling castings; 
138 illustrates the mode of application of a caulking 
tool on boiler seams, the example being a toed by 
K. (!. Boss & Son, Glasgow. Bending, or hammer- 
ing over the ends of boiler tubes, is another operation 
effected by pneumatic tools. There are also pneu- 
matic s.md rammers for moulders. 


Mach ink Tools concluded ; followed by Machines and Appliances 
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By W. S. 

\Y7HKX tin* type has been made up ini o pact's 
VV and tiod over so carefully, it is not by any 
means ready for printing. Tin* machine man 
would not take it off our hands in that con- 
dition. Slide the type off your "alley on to 
the large table with the smooth iron top, 
designated the stone. The pages lie in a row 
one, two, three, four. Supposing the pages are 
to ho printed one by one, and on one side of tin* 
paper only, the job is easy. 

Placing the Pages into the Chase. 
You get an iron frame railed a r/uisrjromihv ehase- 
raek, and lay it over 
page L If possible, the 
type should be pro- 
tected from the iron 
side of t be ehase. and 
the chase is therefore 
bigger than the page. 

A piece of metal or 
wooden furniture ex- 
actly tin* same length 
a- tin* bieadth of tin* 
pane is laid between 
tin* tup and t lie ehase, 
and a similar piei e a 
lit i le lunger than the 
page is laid along tin* 

"i !e. Now open one 
"f ihe drawers hung under the table, and find a 
More of wooden wedges, of many sizes, straight 
<»n the one side and slanted on tin* other. These 
are ,v'f/< stick.-; and fo< tsfick*. Select mu* the 
b nut h of the bottom of tin* page, and another 
for the side, and si t them close in tin* type, 
making sure that they will cn\er the whole ot 
the type, and yet be free of each other. Take the 
cord off (be page, ami press the sticks close on it. 
<>p ( n another of the table drawers, and there are 
little* wedges of wood called varying m 

breadth from a mere splinter to l.\ in. 

Planer, Mallet, and Shooting=sticK. 
In the same drawer lie a heavy. Hat slab of wood, a 
'hurt -handled wooden mallet, and a round tool 
with wedge point — these are phnur [ 19 1. Hint hi J 20 J. 
and 'ihnotmpdic1c\2\\ Wedge in quoins of suitable 
size between the footstiek and sidestick, and tin* 
inside of the iron ehase, fixing them w ith linger and 
thumb. Take the planer in your 
left hand and let it rest lightly and 
evenly on the face of tin* page, 
gently tapping it down with tin; 

Pallet in your right. This makes 
t lie type level. With shooting-stick 
;, nd mallet drive home tin* quoins, 
plane the type level again, and 
the page is locked up. 

A few r fancy books and orna- 
mental pamphlets are printed 
v 
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page, by page, but the mass of printing is 
done quite dillerently. Prom the foregoing, 
however, the student will learn tin* rudiments 
of Inckiii'j-H //. The page of type, if it has been 
properly set and tirmly locked up, has become a 
rigid solid, capable of standing the pressure and 
pull of the printing press or machine. 

As we have said, books are not printed page by 
page: sometimes I2«S pages are printedat onetime 
on a single sheet. Hen* we come to one of (he most 
diflicult lesions the young printer lias to learn. 

Sizes of Sheets for Printing. On 
opening a hook, the tirst thing the render observes 
is the fact that page 2 is printed on the back of 
page 1. page ton the back of page and so on. 
Nothing seems easier than just to print one side 
of a sheet with the even number pages, and 
another with the odd number pages. This would 
be a feasible plan if all the leaves of books were 
< lit separate, and then bound together leaf by 
leaf. But books are not made that way. Four 
at least, should he on one sheet. Fold a sheet 
and you base two leaves, or folio; folded ag* in* 
it is lour leave.-, or quarto; folded agoiii, eight 
leaves, or octavo. A sheer, of folio has foiu 
pages, a sheet ot quarto eight, octavo sixteen, 
and so on. Most of the old books are folio-, 
because the early printing presses could hold no 
more than two page.- at a. time. Shakespeare's 
plays, for example, were printed folio. Tin* 
beginner is, apt to take those terms as denoting 
sizes, hut that is an error. Folio is simply the halt 
of any si/e of sheet, whether small post or double 
demy: quarto is the fourth, octavo the eighth, 
lOmn tin* sixteenth, and up to any fract ion. We 
give oil this page twotabks, the one showing the 
si/.es of papers < onmonly used, and tile other tin* 
proportions ot the divisions expressed in inches. 
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Placing the Pages. Imp ait inn moans 

the placing of tilings in a definite position, or 
putting oik* thing in tlu* place of another : hoth 
meanings deseribe tho printer’s method ol 
placing his pages. For, it is to he noted, 
the sheet lias to he printed on hoth sides, 
and the pages an* made up in two divisions, 
the one railed the outer forme, the other 
the inner. The pages of the outer forme are 
put in position, and the pages of the inner 
forme take their places. 

We will begin by imposing the formes of 
folio 1221. Fold a sheet of paper, and 
number the pages I, : 1 , .‘1,1: 1 and 1 are 
on tin* same side of the sheet : I always 
begins tlu* outer forme; therefore, I 
and 1 are to he placed together, and 
make up this forme. Page I, or the 
lowest number in every outer tonne, 
stands at (lie left-hand corner of the 
scheme. With exceptions to he 
specially noted, the highest number 
of the sheet stands next to page 1. In 
this ease it is page 4. Pages ‘2 and ‘1 
stand together, of eon rse. hut it is not 
enough to say so. The out 

inner forme is the re verst 
of tin* outer, and instead 
of 1 and 4, the order 
runs II and 2. 

How to Im 
th^ Folio. A 
way of finding out 
schemes of imp** 
of a complex kind is to 
number the pages on 
the sheet, and lay it on 
the imposing table. The 
sheet is numbered on 
both pelt's; tlu* numbers 
Oil the under side of tlu* 
sheet show the posit ion of 
the corresponding pages. 

Our folio sheet affords a. 
simple example. Laid on 
its hack, iis pages 1 and 4 
lie next the table; turned 
over sideways, page If lies 
on the place of page 1, and 
2 on 4. No matter how 
complex t lit' problem, I his plan alw ays 
vit'lds accurate results. Another 
m *thod adopted by beginners who 
have not mastered the principles 
of imposition is to take a. sheet 
double tin* size of that which is 
bein^ imposed, or twice the numJ>er 
of leaves, and write the numbers on 
alternate pages, except at the centre, 
making all the numbers appear on 
one side of the pajHT. Turn the 
figures down on the table; the sheet 
presents a. perfect picture of hoth the 


Ik 

l«l 

0 

4 


Out* r 

22. SI I K KT 

KOI.IO 


The outer circle, taking both formes, is 1, 2, 
3, 4, and the inner is 8, 7, *>. .*>. 

Octavo seems to begin complexity in imposi- 
tion ; hut if it. is kept in mind that this 
sheet is four times folio, and the same 
method applied, tin* scheme will build 
itself by natural sequence [24), and similarly 
with the larger sheets (25 and 26]. 

Irregular Sizes. The above form the 
ground-work of imposition. Irregular 
sizes of sheets, such as 12mo, ISino, and 
24mo, can readily he mastered by applica- 
tion of the methods described and practical 
experience. To a very great extent, 
those odd schemes were rendered neces- 
sary by the conservatism of the pa per - 
M makers, who kept to the old sizes and 
forms of paper, and the progressive 
spirit in tlu* printing trade. That op- 

position has completely disappeared. 

Paper-makers supply sheets by the roll, 
Vj I Pg ! measured by tlu* yard, of any breadth 
L'J I J desired. The old sizes are rapidly 
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Inner 


pidly 

going out of use ; off-cuts that make 
wa.str of good paper an* becoming 
lin needless, and intricate 

foldings, perplexing to 
the bookbinder, ceasing 
to trouble. 

Arran ging for 
Margins. Having laid 


1 done. The outer forme 
of this sheet of octavo has 
to he locked up. On the 
chase -rack we find a chase 
of the proper size, with 
cross-bars. These* are 
wrought -iron bars tixed in 
the chase, dividing the 
interior into four. The 
page* lie within the di- 
visions, two and two, the 
heads touching the longer 
cn iss-bar. Kvery page has 
a fore-edge or front margin, 
a tail or bottom margin, 
and a head and a hack 
margin. Provision for the 
four margins has to be 
in due measure. Say that the 
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made 

si/e of paper gives an inch of margin 
allround the page. If an equal margin 
is to Ik* made all round, twelve eras of 
pica bet ween the sides and heads of the 
pages would answer. But imposing 
is not so simple a,s that. The book- 
binder has to he considered, and 
artistic taste has also something to 
ask. The outer margin of a page 
should be w ider than the back, and in 
binding a book the fore-side is often 
cut. The bottom of the page, being 


outer and the inner formes. Lift 26. ha lf-shkrt sixtjsjsvs solid, demands a larger margin than 
it up again, fold it across, and 
note how 1 falls on 2, 3 on 4 , 5 on 6, 7 on 8. 

The quarto slice; otters no difficulty. Have 
hoth formes in your eye, as shown in 23. 
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the head, which shows white paper 
between the solid type and the page number, 
heading, etc. The rule-of-thumb method is 
to measure with the paper. Having placed 
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I ho pages iii position, fold the paper to page 
size. Lay the paper across page I, and rest 
it on the edge of page 10. Let the paper 
overlap the outside of page 1 by as much 
as you wish the fore-end margin to exceed the 
hack margin, and put furniture into the gap 
between the two. Open the paper, and you will 
iind, by laying it across both pages together, 
that the margin on both sides is equal. The 
space between pages 10 and 13 represents two 
fore -end margins. To Iind out this. Jay the 
paper, which is now quarto, against the side of 
page 13, extending across pages 10 and 1, and 
make the gap between pages 13 and 10 so that 
the paper just runs along the outer edge of 
page 1. These measurements afford the gauges 
tor I he rest of the forme. By a similar method, 
the space between the heads is determined. As 
we have hinted, however, the more sensible and 
quicker method is to divide up the margins into 
a given number of points, or pica ems, and 
proceed to lay them in, without further trouble. 

How to Avoid Mistakes. In the hurry 
of making up pages 
and formes, a. num- 
ber of mistakes oc- 
i ii r. One page may 
lx* a line short, or 
.mother a. line too 
long; tile furniture 
between the pages 
may ho of wrong 
lengths, or mis- 
counted in breadth. 

To detect all such 
i n ors Indore locking 
up, the compositor 
should be provided 
\\ it h a points gauge 
<>ra measuringseale. 

Kit her of these tools 
helps in the making 
up, too. Here is 
mother advantag** 

• »f the points system 
of type measurement. When the compositor 
know s that 30 lines of long primer equals 30 lines ot 
pica., ami so on. In* can go through with the work 
of clothing his formes much more confidently 
and swiftly. Furniture along the sides of pages 
should be two ems longer than the page, to 
prevent any possibility of the type slipping out : 
hut the furniture at the heads should always he 
exactly the measure of the line. This makes 
a solid forme, and obviates the danger of the 
side furniture IxMng jammed against the head 
furniture in the locking up. 

The Forme as* " Locked Up.” Blau* 
the sidestieks and font sticks as before directed, 
•uid then take the cords oil' the pages, winding 
them into hanks at the same time. If possible, 
a chase slum Id always lit the forme ; but if not. 

I he space between the iron frame and tie* 
“sticks" should be carefully tilled in with 
good wood furniture or worn metal furniture, 
till it comes to within the breadth of fair-sized 
quoins. The quoins having been pressed in. 
Apply the planer to the whole surface of the 


forme, page by page, and then lock up. Again 
plane with mallet and planer, this time firmly, 
and the forme is ready to lift. H the type has 
been properly set, and the forme firmly locked 
up. the whole ought to lift solid as a hoard. 
During the past *20 years, patent- metal quoins, 
formeily disliked as innovations, have gradually 
gained wide acceptance in the trade. As shown 
in our illustration of a locked-up forme |27| 
these quoins arc w\ dye-shaped pieces of metal, 
grooved so ; \s to lit into each other, and toothed 
rn the inner edges for the pinions of the screw* 
key. I 'sing tiiese we can surround the type* 
with plain furniture, and by opposing the 
wedges to each other, by means of the key. lock 
up the forme. 

Sheet Signatures. For the purpose of 
distinguishing one sheet of a hook from another, 
the practice of putting a- letter at- the foot ot 
the first page of tin* outer forme wa.s early 
adopted. By this sign the compositor, the 
machine man. and bookbinder can tell at a glance 
what sheet they are working with, and whethei 
or not the pages are 
numbered correctly. 
A copy of the table 
given on the next- 
page is oil i n hung 
at tin* side of the 
imposing-stone. 

The Reader. 
If the compositor 
always lead his 
copy carefully, al- 
ways picked up the 
right letter, always 
s pe It cor re c t I y, 
punctuated fault- 
lessly, read over 
each line before 

jiusti tying, and 
were constantly 
alert and watchful, 
he would commit no 
errors, and, inci- 
dentally, he iiiotv than human. No man is 

uniformly in tin* best of health : the hand 
momentarily weakens, the attention falters, 
personal worries interrupt tin* though* concen- 
trated on the w'ork, and the errors slip past. 
In the printing world the errors are corrected by 
the proof-reader. 

According to tin* best practice, a (nonf -n <uh r 
is a compositor w ho, because he has produced 
work comparatively free from errors, and given 
evidence of self -education and interest in hi* 
craft, has been promoted. He sits in a room 
adjacent to the composing-room, or perhaps his 
place L oil tin* same floor, and simply parti- 
tioned oil by wood and glass. When the galley 
has been proofed on the galley-press, the copv 
is collected from the compositors, and the proof 
and copy oaviied to the reader. Beside the reader 
is his inpti-hofih r, usually a hoy, whose duty it 
is to read out the copy, while the reader scans 
the pi oof. The hoy should have an aptitude for 
reading handwriting, and be easily trained to 
read clearly ami correctly. As he reads along 
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(he linos, the reader sees a turned letter, a letter 
“1" for a “ t,” and words variously misspelt, 
punctuation showing that the compositor has 
missed the sense of a passage, and swiftly marks 
the corrections on the margin of the proof. 
Listening carefully, he hoars the boy say 
“traders” where the proof has it “leaders,” and 
the general sense shows that the lad is right ; the 
wrong word is struck out, and the right one 
written on the margin. By turning to page 4193, 
the student will lind an example of the reader’s 
practice, giving in full the signs of correction 
and the best methods of marking proofs. 

Before sending out the proof, the reader should 
go over it a second lime ; he will thus be able to 
give undivided attention to the spacing and 
punctuation. 

Office Style and “New” Spelling, 

Considering the number of readers employed in 
the printing trade, the vacancies offered to the 
youth ambitious of attaining the position are not 
numerous. Not that the changes are few. The 
compositor who is alert and ready finds his 
opportunity. But there is one factor which, 
small though it may seem, is very important. 
Every printing establishment has its own 
“style.” In one place, the readers are instructed 
to punctuate widely, leave out as many commas 
as possible, where the sense of a passage appears 
clear without them. In another office the 
practice may he the \ery reverse. Similarly, the 
use of italics, the style of naming books, maga- 
zines, ships, and public institutions, capitals, 
placing the number of the date before or after 
the name of the month, and many other details 
arc determined principally by that mysterious 
power called office tradition. 

. The English language is always changing in 
form. Though neither President Roosevelt nor 
the “Phonetikist ” enthusiasts on this side of 
the Atlantic altered by one iota the spelling of 
the day, the language does change, both in 
pronunciation and spelling, by gradual degrees. 
A notable instance of change in spelling effected 


within twenty years is the almost universal 
substitution of “ s ” for “ z ” in such words as 
signify the endowment of a man or thing with 
a particular quality, as : Civilise, deodorise, 
mesmerise, and so on. The process is constantly 
going on, and the reader who would hold his 
place must keep himself informed on the 
subject. 

Difficult Proof-reading. Reading revise 
proofs, proofs of author’s corrections, and 
machine proofs are among the higher duties of 
the reader. The most experienced and skilful of 
the staff is entrusted with that work, and seldom 
has any other duty. Such a man performs a 
highly important function ; he is president over 
the birth of many hooks, and he ought to possess, 
besides a thorough mastery of (he details of his 
craft, wide, general knowledge, and a keen 
appreciation of English words. 

Though the reader’s chief tool is a well-stored 
and highly cultivated brain, he should he provided 
with aids in the shape of a small hut select 
reference library. A good standard etymological 
dictionary, a classical dictionary, a dictionary of 
phrase and fable, Roget’s “Thesaurus,” a Bible, 
and an up-to-date stock of the more important 
year hooks and almanacs make a reasonable 
equipment. In addition, if the establishment is a 
large one, there ought to he a reference library 
readily accessible to the whole reading staff, 
stocked with the great compilations of authority, 
such as the “ New English Dictionary,” “ En- 
cyclopaedia Britannica,” works on technology, 
and dictionaries of the classical and leading 
modern languages. 

The News Reader. The efficient reader 
is alert of eye and deft of hand, possessed of a 
good stock of general information, and fully 
acquainted with the forms of words, hut the 
now* reader's quickness and knowledge are taxed 
to a specially high degree. He must keep himself 
in touch with current affairs in polities, society, 
and life, know the names and politics of political 
leaders and members of Parliament ; the topics 
of the hour, and the catch phrases of the moment. 
For lack of such a reader, the slips of the Par- 
liamentary correspondent’s pen have appeared 
in cold print, to the dismay of everybody con- 
cerned. 

The news reader seldom has time to read 
matter twice : and sometimes he has to read 
t he hare type. This means that he has to he quick, 
ready, able to detect not only errors in composing 
hut all other errors at one reading. Very 
numerous are the traps into which the newspaper 
compositors may fall, and the reader has always 
to pull him up. Headlines may become mixed, 
the bottom or top line of a column may fall 
and he misplaced, and a hundred other accidents 
may happen, each one, perhaps, ruinous to the 
paper. The editor may be the greatest journalist 
alive; his staff may bo the flower of English 
journalism, and yet the inefficiency of a reader 
can ruin everything. 
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COAL-TAR PRODUCTS 

Coal-tar products are the result of subjecting coal 
to the process known as destructive distillation. By 
this we understand the decomposition of substances 
(in this case coal) by heat with the formation of 
products which are volatile. Destructive distillation 
differs from ordinary distillation in that the sub- 
stances do not distil unchanged, and the products 
collected differ in chemical composition from the 
substances from which they were obtained. The 
plant, required for carrying out processes of this 
kind does not differ essentially in principle from 
lhat employed for the purification and preparation 
of bodies by distillation. It consists, tirst, of a 
vessel or a retort in which the substance is heated 
and undergoes decomposition : secondly, a condenser, 
or a pparaf us for the condensation of the vapours given 
olf: and thirdly, a receiver or receptacle for collecting 
and separating the products of distillation. 

Constructive Distillation. Although the 
process may be regarded mainly na the breaking-up 
of more complicated products into simpler ones, 
nevertheless, alongside of this decomposition a 
ceriain amount of synthesis — that is, building-up 
of chemical compounds, or formation of substances 

takes place from the first-formed products of 
decomposition. This is owing to the fact that such 
products of decomposition arc not removed immedi- 
ately they are formed, but remain for a certain 
tune in ihe hot retort. Thus, if benzene be led 
through a red-hot tube, a certain proportion of 
acetylene is formed. On the other hand, acetylene 
led through n red-hot tube is partly converted into 
benzene. Xow, as benzene and acetylene arc both 
formed on the destructive distillation of coal, we 
see that the formation of either of these substances 
is not the simple process of decomposition which it 
might appear to la? at tirst glance. 

Coal-tar, An enormous amount of this sub- 
stance is produced yearly, and most of it is derived 
from the destructive distillation of coal. The coal 
carbonised in London and surrounding districts in 
1!>02. according to private sources of information, 
we find to be nearly 4,000,000 tons, yielding, say, 
200,000 tons of tar. The yield of tar will depend 
upon the variety of coal and temperature of distil- 
lation, etc. 

Tur is a liquid heavier than water, its specific 
gravity Wing 1*1 to 1*2. The composition of the 
tar will depend upon the quality of the coal. Thus, 
' annel coal yields a tar of sj>eeific gravity 1*1, poor 
in aromatic compounds. Newcastle coal gives tar 
rich in naphthalene and anthracene, and Wigan coal 
gives tar rich in benzene and phenol (carbolic 
acid). Boghead and bituminous shales, when mixed 
with coals, give inferior tar containing excess of 
paraffin hydrocarbons, which cannot he separated 
h um the tar by the usual processes. 

The composition of tar is also largely dependent 
nn the temperature of the retorts. At low tempera - 
lures, chiefly paraffin, olefins, and higher phenols 
are formed, and the quantity of the permanent 
gas produced is small. ' At higher temperatures. 


although olefins and also acetylenes are still formed, 
the paraffins are mostly decomposed, with the 
separation of carbon in the retorts and the formation 
of lower paraffins. There are also formed aromatic 
hydrocarbons and kt oundensed ring" bodies, 
together with lower phenols. The proportion of 
permanent gas is much larger than at lower tempera- 
tures. As almost all coal is a residue from the gas- 
works, and as prices of tar have been much lower 
of recent years, the object of the gasworks is to pro- 
duce as much gas as possible*, so that distillation is 
carried on at high temperatures, which tends to 
reduce the yield of tar. The temperature of working 
in England is about 1,100" (■., and the average yield 
of tar may be taken as .*> per cent. The table below 
gives some idea of the yields of tar and gas liquor 
which can be obtained from one ton of different 
kinds of coal (Stolimann-Kcrl) : 


( oal 

Tar 

(»ns 

Liquor 

Boghead eaunel 

7:i» lb. 

. . — 

Newcastle 

ffK 

(if) 

Wigan 

21 X „ 

.. 162 

Lochgclly 

22.‘> „ 

. . :uo 

Pelt on Main 

112 „ 

. 112 

Lismahago cannel ( 1 ) 

f>!)4 „ 

4 

‘ .. (2) 

c>o:i „ 

4 

Ramsay's Newcastle runnel 

2»r» „ 

. . 7 

1 Jcrbyshire deep sea m 

2 Iff 

.. 17!) 


Coal-tar is also obtained in some eases by utilising 
the waste products from coke ovens. Small quanti- 
ties are a Do obtained from blast furnaces, gas 
producers, and water-gas plants. 

Crude Tar. Although a number of valuable 
products are got by distilling coal-tar, some outlet 
can be found for it in tin* crude state. In the first 
place, it can be burnt as fuel. This is usually done 
underneath the retorts themselves by running the 
tar on coke. In this way, one part of tar may be 
burnt for esery bur parts of coke. A number of 
appliances have been devised for burning tar ill a 
furnace in a similar manner to petroleum. It may 
also bo used for preserving timber and other build- 
ing materials, and as tarred felt for roofing, or again 
as an antiseptic invirtw of the carbolic acid, etc., that 
it contains. It is. however, more usual to separate 
these substances than to make use of the tar itself. 

Tar forms a suitable substitute for resin in the 
preparation of lampblack: but a partially purified 
or prepared tar is now* used, as the crude tar con- 
tains some very volatile constituents, and these 
would find their way into the lampblack. It is usual 
to remove these by tirst distilling off the water and 
more volatile portions of the tar. The tar is burnt 
in brick ovens, and the soot is deposited in a number 
of chambers. Several contrivances have been 
devised for bringing about rapid deposition of the 
soot, such ns systems of “ baffle-plates ” — that is to 
say. obstructions built into the flues, not unlike 
the arrangement of laths in a Venetian blind, and 
devices for giving a whirling motion to the soot- 
charged vapours, so that the particles of soot strike 
the walls of the collecting chambers and are 
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substances can be 


deposited. Lampblack contains a certain quantity of 
tarry matter, and for many purposes it requires to 
be refined. This is done by igniting in sheet-iron 
eases with lids luted on. After ignition, the cases 
are left some time to cool, as soot loses its heat 
slowly, and would catch fire if exposed to the air 
while still hot. The refined product has a better 
covering power [see Paints and Polishes, page 5141 J, 
and is used by printers’ ink and colour- makers [ see 
Inks, page 53 (>(>]. Tar has also been used as a binder 
for briquettes, and for making the " bask; ” lining 
of Bessemer converters. 

Distillation of Coal-tar. Coal-tar is a 
mixture of n great number of different substances. 
Lunge, in his treatise, gives a 
list of nearly 200, many of 
which are extremely valuable, 
and are the mother substances 
for the. manufacture of aniline 
dyes, artificial perfumes and 
essences, pharmaceutical pre- 
parations and disinfectants. 

The problem we have to face 
is the separation and the puri- 
fication of the individual 
substances. Although the actual 
proportion of some of these 
substances present in the tar is 
very small, the quant ity of tar 
worked up is so large that 
considerable amounts of these 
obtained. Thus, the yield of anthracene, the mother 
substance of the alizarine dyes, is less than 1 per 
cent, of the tar distilled. 

The tar is first freed as completely as possible from 
watery ammoniacal liquor, which distils over from 
the retorts with the tar |<ee Coal (las, and also 
Sulphuric Acid, page 4(525, and Alkalies, page 
4770]. This is often effected by allowing the tar 
to stand in cisterns preferably fitted with steam 
coils. By a steam coil is meant a coil of steam pipe 
by which the liquid in flu* cistern can be heated. 
Such indirect methods of heating are in many cases 
preferable to heating by n direct fire, as it is easier 
to regulate the temperature. The water, which is 
merely held mechanically in the oil, gradually rises 
to the surface, and the oil is drawn oil. It is 
important to free the tar from water, or otherwise 
it might “ bump ” or boil 
explosively when distilled. 

Distillation is the method 
used to separate the con- 
stituents of which coal- 
tar is composed, but the 
method allows of only a 
very rough separation in 
one operation. The differ- 
ent portions or “frac- 
tions” of the distillate 
collected are in them- 
selves complex mixtures. 

This partial separation, however, is all that is 
necessary in some cases, while in others it docs 
\iot pay to carry the separation further. Thus, 
creosote oil, one of the fractions, is far better suited 
for “crcoMoting” than the crude tar from which 
it was obtained. 

Where it is necessary to carry separation or puri- 
fication further, as in the coal-tar dye industry, the 
fractions are themselves redistilled, and various 
other chemical means are employed which wo shall 
briefly touch on in what follows. 

The Coal-tar Still. The coal-tar is treated 
in stills, mostly upright and cylindrical in form, the 
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GENERAL ARRANGEMENT OF TAR 
DISTILLING PLANT 
(Leeds anti Bradford Boiler Co., Ltd.) 


2 . PLANT FOR RECTIFYING BENZENE 
(K. H. Meyer, Hannover) 


bottom being spherical and curved inwards, as in 
the illustration. Figure 1 shows the general 
arrangement of still, condenser, and separator ; 3 
is a photograph of the still lying on one side. The 
still is provided with a dome-shaped cover and still 
head, inlet and outlet cocks, and manhole. It 
should also he fitted with some form of safety- 
valve. Modern plants are often provided with a 
system of steam pipes, reaching to the bottom of 
the still, so that superheated steam can be used 
for finishing off the process. The condenser is 
simple in construction, put together from lengths 
of cast-iron pipes with elbow' joints or from semi- 
circular wrought -iron tubes. The condensing 
worm so formed lies in a cooling 
tank, as in an ordinary still. 
Noxious gases are given oil 
during the distillation, and 
^ carry with them a small pro- 

portion of the more volatile con- 
stituents. They must, he treated 
in a “ snubber,” not so much 
to recover these constituents, 
but. to absorb the noxious gases 
Midi as (’So, H.,S and NII 3 , 
before they escape into the air. 

Gaster’s Process. We 
must take especial care in 
working the stills that the con- 
tents do not boil over, especially 
when the distillation begins. According to Kohler, 
this is often caused by an excessi\e percentage of fret' 
carbon. This free carbon, which may he present in 
the tar to the extent, of 20 per cent, to 25 per 
cent, by bulk, has a tendency to settle down to the 
bottom, and as it is a bad conductor of heat, 
there is considerable danger of overheating and 
burning out. the bottom of the still, especially 
during the last stages of the operation. 

(Jaster lias patented a method of separating the 
carbon, itself of considerable value, for making 
electrodes [see Electrochemistry] ; further, the oil 
freed from carbon distils better and 
yields a better class of pitch. The 
tar is distilled in the ordinary way, 
till the temperature rises above 
2fi0° C. ; the operation is then inter- 
rupted and a low boiling 
naphtha, added to the 
partly cooled contents of 
the still. The whole is 
forced into a filter press, 
where the carbon is re- 
tained and washed by a 
further quantity of naph- 
tha to remove the rest of 
t he tarry matter. The car- 
bon is left as line powder, 
and the tar oil, after distil- 
ling off the naphtha, can be 
further treated as required. 
Separating the Distillate into 
Fractions. The distillate is collected in a number 
of fractions (Lunge). The average yields given by 
Mills are as follows : 

]. First j turnings, up to 105° C. or 
110 ° C. .. 

2. Light oil, up to 21(F 

3. Carbolic oil (for carbolic acid and 

naphthalene up to 240° . . \ 

4. Creosote oil, up to 270° . . I 

5. Anthracene oil, above 270° 

(». Pitch (with this yield the pitch is 



2*5 per cent. 
5*0 „ 


27*5 

10*0 


hard) 
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The. more important substances obtained from 
these several fractions are indicated by the titles. 
The “ first runnings,” consisting of naphtha, come 
over with some aqueous ammoniacal liquor and 
lloat upon it. 

The “ light oils,” or “ second runnings,” are 
eollcctcd until they appear neither to sink or to float 
>n water — that is to say, until they are as heavy as 
water. This fraction consists of benzene, toluene 
and “ higher homologues ” [for which see 
Organic Chemistry], and a certain amount of 
carbolic acid, naphthalene and other substances. 
The greater part of the carbolic acid and naphtha- 
lene arc contained in the third fraction, the “ car- 
bolic oil,” and as naphthalene is a solid substance 
at the ordinary temperature, the solidification of a 
few drops of the distillate on a piece of cold iron 
shows when it is time to change the receiver and 
lo begin collecting the carbolic oil. 

The Light Oils and their Treatment. 
To separate the substances contained in the light 
oils, they are fractionally distilled or rectified in a 
plant similar to a tar still. 

Wurtz states that after two fractionations, the 
following results arc obtained : 

( a ) Product up to 120’ containing benzene and 


devised years ago by the French chemist Laurent, 
it is treated with* alkaline liquor (carbonate of 
soda), which combines with the carbolic, acid, 
phenols and higher monologues (ercsols), in virtue 
of their acid natures. The mixture left to itself 
w ill separato into two layers, an oily and an 
'•aqueous" or watery layer, so that the resulting 
salts, earbolates, being soluble in tho aqueous 
layer, can be removed, and the remaining oil 
contains higher “homologues” [see Pure 
Chemistry] of benzene, naphthalene, and pyridcnc 
bases. The operation is carried out in mechanical 
mixers, heated and agitated by a current, of air or 
other means. [Illustrations representing similar 
mixers to these may be seen in tho article on 
Wood Distillation.] As phenol is a stronger acid 
than the ercsols, most of it may be removed from 
the oil, leaving the ercsols behind, by adding alkali 
in successive small quantities. Tho liquor containing 
the earbolates is decomposed with sulphuric acid in 
a lead-lined “ agitator " or “ mixer.” 

Pure carbolic acid is obtained by distilling: the 
distillate passing over between ISO 1 ’ and 205° (■., is 
allowed to crystallise and the crystals are separated 
from the moiher liquor. The carbolic oil contains 
some pyridine buses, which arc used largely in 


toluene. 

(b) Produnt from 120 to 127 

containing solvent naphtha No. I. 

(c) Product from 127 to I 10 

containing solvent naphtha No. 2. 

(d) Product from J 40 1 to 170 

containing solvent naphtha No. 3. 

(<:) Residue, which will contain the 
phenol and naphthalene. 

Product (a) is further purified 
by washing with chemicals, usually 
strong sulphuric acid and alkali. 
Plant for doing this is described 
under Washing Turpentine [see 
Wood Distillation]. It then un- 

dergoes further rectification by 
steam. The plant is shown in 2; 
on the left are the two washers, and 
on the right- the distilling plant. 

Rcnzeno is a body of great im- 
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(formally for “denaturing pur- 
poses (rendering spirit undrinkable). 

Uses of Creosote Oil. We 
pass now to fraction 1. the creosote 
oil. which distils between 210 and 
72<P (\ 

Lunge describes the uses of creo- 
sote oil as follows : 

(a) Rectification, to obtain more 
valuable products. 

(b) Passing through red-hof 
tubes, to obtain illuminating 
gas, and more readily 7 saleable 
livdrooarbons. 

(r) Pickling timber to preserve the 
wood. 

(d) Softening hard pitch. 

(i) Preparing varnishes. 

^ (/) Imbricating oil, cither in the 
•rude state, or after undergoing 


port nnc.e, as it can be converted into nitrobenzene special treatment. 


or oil of mirbane, a substitute for oil of bitter {;/) Burning for heating purposes, 

almonds, and tlionee into aniline, the mother sub- (h) Burning for lampblack. 


dance of many of the aniline dyes. The United (/) Lighting. 

Kingdom produces several million gallons of (j) Carburctting gas. 

benzene yearly. Benzene and naphthalene are also (/, ) As an antiseptic, 

used for solvent purposes, and for earhuretting (/) Blue steaming of bricks, 

coal gas. For lubricating purposes the phenols (“acids") 

Carbolic OH and Carbolic Acid. Wc must first be removed. This is commonly 7 effected 


now pass to fraction 3, the carbolic oil, which 
lorms 7 per cent, or 8 per cent, of the total distil- 
late*. On cooling down, 2.7 per rent, to 30 per 
cent, of tho naphthalene crystallises out. This 
substance is one of the most abundant- constituents 
of coal tar, of which it forms 5 per cent, to 10 per 
i In tho crude state it is used for earhuretting 
It is purified by hot-pressing— that is to say, 
pressing out tho mother liquor while the mass is 
hot. [For chemical and physical characteristics 
of naphthalene and other bodies derived from coal 
tar, see Organic Chemistry.] 

Naphthalene is the mother substance for making 
phthalic acid, and thence the phthalein colours, as 
for instance, eosine and phloxine, also p-naphthol 
and azo-dye derivatives, and in the manufacture of 
artificial indigo. The oil, from which the greater 
part of the naphthalene has crystallised out, is 
separated by a very beautiful chemical process 


by means of lime, which, being alkaline, combines 
with phenols, just as in Laurent's process. The 
resulting oil, when mixed with rosin oil and ozokerifc 
(earth wax) yields a serviceable eart grease. For 
lighting purposes it is burned in special lamps, 
and produces a bright, roaring llainc, such as may 
be seen in the streets at night where road repairs 
or building o| orations aio carried on. As for anti- 
septic purposes, it would be better to separate those 
substances such as phenol, ercsols, etc., to which tho 
antiseptic pro] >or ties of the oil arc due. Owing to 
the expense of this treatment, the untreated oil 
is used in the form of an emulsion by mixing with 
a soap such as a soda rosin soap [see Soaps, 
page 4003 J. It will owe its activity 7 as a disinfectant 
to the finely-divided state of the phenols, when 
prepared in the form of emulsions. Such substances 
are sold as “ creolin,” “ cresolin,” “ disinfectol.” 
etc. Others, “ sapooarbol,” “ Ivsol,” arc prepared 
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(German Patent 52,129) by mixing the oil with 
ream or linseed oil and saponifying with caustic 
potash and spirit of wine under a “ reflux ” con- 
denser. Thick oils are thus obtained which have 
the advantage of dissolving easily in water. 

PicKling Timber. For preserving wood, 
creosoting is more commonly adopted than any other 
method (others consist in heating wood with solutions 
of corrosive sublimate, zinc chloride or copper 
sulphate). Before creosoting, the moisture 
must be removed by stacking the timber for 
six months or so. 



to 0 4 per cent.). The United Kingdom produces 
about 6,000 tons of a 30 per cent, product annually. 
Germany consumes 1,400 tons pure anthracene 
in the alizarine dye works. 

Coal-tar Pitch and its Uses. The 
residue left in the retort will vary in quality accord- 
ing to the amount of oil distilled off, yielding either 
a soft or hard pitch. For the manufacture of patent 
fuels soft pitch is preferred, and processes have been 
devised for “ revivifying ” hard pitch, byineorpora- 

ting with it creo- 


The operation is 
carried out in 
social plant. The 
wood is put into 
a boiler capable 
of withstanding 
c o n s i d e r a b 1 e 
pressure. The air 
is then exhausted 
ud hot oil run in 4 . horizontal retort, 
to fill flu* whole 
boiler with the exception of 
the top. The air exhaust is 
under the influence of 
moisture is withdrawn 



a dome situated on 
kept working, and, 
the hot oil, all air and 
from the pores of the 
wood. The contents of the boiler are then sub- 
jected to pressure, by which the oil is driven into 
the pores, from winch the air has been sucked out. 
In this process (Boulton, British Patent 1851 1879) 
wet, unstacked wood can be used without previous 
treatment. The method of creosoting or pickling 
can also lx* applied to sails, ropes, fishing-nets, etc. 

According to Williams, pyrideno and quinoline 
bases are the active constituents in preserving 
timber. The creosoting is, however, both a chemical 
and mechanical process, and the “ indifferent oils ” 
play nu important part., leaving out of considera- 
tion the chemical effect of the phenols and the 
acids. The oil being forced into the w r ood seals the 
pores and prevents the entrance of water. 

The Mother Substance of Many 
Dyes. We come now to fraction 5, the anthracene 
oil (green oil, green grease, red oil), which boils above 
270" C. (thermometer in vapour). It consists 
largely of solids, which crystallise, out on cooling, 
and of which the most important is anthracene. 
These solids are separated by pressing, the residual 
oil going back to the heavy oil. 

'Phis separation may be effected by 


ote oil or crude 
tar. Tar pitch is 
is largely used for 
making varnishes 
[see Paints and 
Polishes, pag.i 
5111), and also 
as asphalt for 
paving. In the 
latter case it is a 

WITH COOLI NTS -BOX FOR TITE CHARCOAL "llhstilllto for 

natural asphalt, 
but only in combination with the latter [see page. 
2425]. Pitch may also be redistilled in special 
ovens in order to obtain a further yield of the 
valuable anthracene. (Y>ke is left behind at the 
end of the operat ion. 


filtering through canvas 
means of filter or hydraulic 
presses. The residual 
mass contains about one- 
third its weight of an- 
thracene. It is then 
powdered and washed 
with naphtha in closed 
iron cylinders provided 
with mechanical agitators 
and heated by a steam 
coil. The naphtha is, of 
course, recovered by dis- 
tillation. It leaves behind 
a number of hydrocar- 


bags by 



bons, especially phenan- 
threne [see Organic Chemistry], which are used 
for making lampblack. 

Crude anthracene is a brownish-green mass. 
Final purification is effected by sublimation. In 
England a larger yield of anthracene (London tar 
0*8 per cent, to 0*9 per cent.) is obtained than cn the 
continent (G>*rman and Dutch works, 0*3 per cent. 
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WOOD DISTILLATION 

In the various countries where there is a plentiful 
wood supply, particularly in Scandinavia, Germany, 
and North America, a portion of the output is 
utilised in the manufacture of chemical products 
by subjecting the w r ood to destructive distillation. 

Wood consists essentially of 30 per cent, to 00 per 
cent, cellulose with about 12 per cent, of moisture and 
a small quantity of resin, mineral matter, etc. After 
deducting moisture, common woods contain about 
50 per cent, of carbon and 0 per cent, of hydrogen. 

The effect of heating is, in the first place, to drive 
off water, after which" the wood begins to char and 
volatile decomposition products arc given off, 
which arc condensed bv suitable means. 'Filey 
consist chiefly of methyl alcohol or wood spirit, 
tarry substances, and 
I i a weak solution of acetic 
acid, which collect in the 
receiver, while charcoal 
remains behind in the 
retort. Gases consisting 
mostly of carbon mon- 
oxide, carbon dioxide, 
and marsh gas, are also 
evolved. The charcoal is 
directly marketable. The 
gases are usually led back 
and burned under the 
retorts while the distillate 
is worked up on the fol- 
lowing lines. 

It is first roughly 
separated into aqueous 
liquor and tar. The 
aqueous liquor, which 
consists mainly of weak 
acetic acid, termed pyro- 
ligneous acid, can be employed directly for making 
iron mordant by dissolving scrap iron in it, the 
product consisting of a mixture of impure ferrous 
and ferric acetates, the so-called black liquor or 
iron liquor. Or litharge may be dissolved in it, and 
the resulting sugar of lead purified by crystallisation. 
It is, however, more usual now to subject the crude 


PLANT FOR TREATING CRUDE DISTILLATE. 
TRIPLE STILL SYSTEM 






pyroligneous acid to a careful separation. The 
liquid, which is dark brown in colour, and has a 
strong empyreumatic odour, consists in the main of: 
5 to 10 per cent, of acetic acid 


01 

P.) 

r> 

77 


0*2 

3 

10 

87 


acetone 

wood spirit (methyl alcohol) 

tar 

water 



and other products. 

The acid is distilled, and the vapours led through 
milk of lime, which combines with the 
acetic acid and any other acid sub- 
stances, while the greater part of the 
steam and wood spirit vapours pass on, 
and are collected in a suitable condenser. 

Crude Products and Yields* 

We now have onr crude products 
-eparated in three parts : 

1. The tar which remains behind in g r FOR 

the retort. * * v 

o riii i . * , , . 4 . CONCENTRATING f'VL- 

2. I lie solution ot calcium acetate 

u it h a concentration of a bout 1 5 per cent. * 1 1 <VI M K h ( >HS 

3. Tlic solution of wood spirit in water — of from 
tl per rent;, to 10 per cent, strength. 

The crude calcium acetate liquors yield on con- 
centration a qreij calcium acetate containing SO }>or 
rent, to 84 per cent, of the pure acetate which serves 
as raw material for the preparation of acetic acid 
and acetates. A brown acetate of lime is also 
manufactured containing 00 per cent, to 70 per cent, 
of the pure acetate. The crude wood spirit is 
rectified in special distilling plant (dephlegmators) 
lilted with condensers, and yields an 80 per cent, 
wood spirit, the raw spirit of commerce. 

Returning now to the larger quantity of tar 
separated mechanically from the aqueous liquors, 
if this tar he distilled it can be separated into a 
liquor containing some acetic acid and wood spirit, 
a light and a heavier tar, and, finally, wood pitch 
(Stockholm tar), which remains behind in the stills. 

The yields arc approximately as follows: 

20 per cent, of acetic acid and wood spirit 
5 light tar oils 

10 ,, ,, heavy tar oils 

00 ., ,, pitch 
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The Still iii Operation. Wo will now 
describe in more detail the process of distilling wood 
and the preparation of acetic acid, acetates, methyl 
alcohol and acetone. 

Before the wood can be put into retorts for dis- 
tillation it has to be slacked for one or two years 
in order to get. it as dry as possible. It is takcn‘fmiii 
the drying sheds, put on to small trucks, and taken 
to the retorts. These consist of horizontal cylinders 
1 4], which arc heated so that the (lames do not come 
into direct contact with the metal, hut 
arc arranged so that the hot Hue gases 
Mu-round them. This is necessary to 
prevent over-healing of the retorts and 
to subject the wood to as uniform a 
temperature as possible. 

Tlic wafer and other prod lifts formed 
are carried into tubes surrounded by a 
cold water-jacket, arranged so that they 
•an be readily cleaned out should they 
get stopped up at any time. In these 
tubes the whole of the volatile matters 
are condensed with the exception of the gases. 
The former collect in a vessel or receiver. On 
their way they pass through a small separator, and 
a pipe from this leads the gases back to he burned 
under the retort. A number of these retorts are 
arranged alongside one another. 

In the tirst stages the distillate 


The woods employed for 
distilling belong to one of 
two classes. They arc either 
woods of deciduous trees-- 
that is to say, trees that lose 
their leaves in autumn [see 
I >age 4070] — or of some variet y 
of pine tree (conifers). They 
are treated , 
on some- 
what dif- 
ferent lines. 

The wood 
of deciduous 




frees yields a maximum of wood spirit and acetic acid, 
while the tar is of little or no value. On the other 
hand, the wood of pine trees, of which usually the 
stumps and roots are employed, yields, in addition to 
a small quantity of wood spirit and acetic acid, a 
valuable pitch ({Stockholm tar) and some turpent ine. 

According to Rudnow the acetic acid obtained from 
100 parts of different kinds of wood is as follows : 


Linden . . 10*24 parts 
Birch . . 9*5 „ 

Aspen . . 8*00 „ 

( >ak . . 7*9 

Bine . . 5*0 

The wood was “ distilled 
at 150° C. to 300° C. 


Fir . . . . .V2 

Cellulose from 
birch . . 9*2 

Cellulose from 
pine . . 5*0 

’ from glass 


parts 


ssels 


is clear, and has 
little odour, being almost free from acetic acid and 
tar, but liter on the distillate becomes darker in 
colour owing to the presence of a considerable 
proportion of tar, while gases are given off in larger 
quantities. In the final stages the gas evolution 
slackens, and the condensed liquids consist almost 
entirely of tar. When the distillation is complete, 
the front of the oven is opened, and workmen 
immediately seize hold of the basket in which the 
wood lay in the retort and draw it out. As soon 
as the hot charcoal comes into contact with the air 
it catches fire. This is put out by sprinkling it 
with a lit He wafer, ml the charcoal is allowed to 
cool in an iron vessel with the 
lid well luted on, so as to 
prevent access of air. The 
fooling-box is seen on the 
right-hand side of 4. The 
distillate from the different 
retorts collects in large 
wooden vats, where the tar 
separates out. and is run out 
from a tap at the bottom 
from time to time, whilo the 
aqiicousliquors overflow from 
the vat into a series of vats 

five in all where the tar 

settles, f n the last vat prac- 

tically no tar at all is found. 
Separation of the 
Products. The crude aqueous liquors arc pumped 
u]) into a cistern, whence they are run into a large 
copper retort |5J, which is in connection with two 
smaller copper vessels containing the milk of lime. 
The large retort is heated by a steam coil, and the 
products, consisting chiefly of methyl alcohol and 
acetic, acid, arc driven over and collect in the smaller 
vessels containing t he milk of lime ( triple st ill system). 
The plant is arranged so that the vapours pass 
through either or both of the milk of lime vessels. 
The greater part of the steam and methyl alcohol 
pass on, and are condensed in a suitable condenser, 
seen on the right hand of 5. 

The specific gravity of the distillate is taken 
continuously by running the liquor through a vessel 
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(German Patent 52.129) by mixing the oil with 
resin or linseed oil and saponifying with caustic 
potash and spirit of wine under a “ reflux ” con- 
denser. Thick oils arc thus obtained which have 
the advantage of dissolving easily in water. 

Pickling Timber. For preserving wood, 
creosoting is more commonly adopted than any other 
method (others consist in heating wood with solutions 
of corrosive sublimate, zinc chloride or copper 
sulphate). Before creosoting, the moisture 
must be removed by stacking the timber for 
six months or so. 

The operation 

special plant. The 
wood is put into 
a boiler capable 
of withstanding 
(i on s id e r a l) 1 e 
pressure. The a ii 
is then exhausted 
and hot oil run in 4 . 
to till the whole 
boiler with the exception )f 
the top. The air exhaust s 
under the influence of tin 
moisture is withdrawn 



to 0 4 per cent.). The United Kingdom produces 
about 6,000 tons of a 30 j>er cent, product annually. 
Germany consumes 1,400 tons pure anthracene 
in the alizarine dye works. 

Coal-tar Pitch and its Uses. The 
residue left in the retort will vary in quality accord- 
ing to the amount of oil distilled off, yielding either 
a soft or hard pitch. For the manufacture of patent 
fuels soft pitch is preferred, and processes have been 
devised for “ revivifying ” hard pitch, by incorpora- 
ting with it creo- 
sote oil or crude 
tar. Tar pitch is 
is largely used for 
making varnishes 
[see Paints and 
Polishes, pag3 
5141], and also 
as asphalt for 
paving. In the 
latter case it is a 
substitute for 
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dome situated on 
kept working, and, 
hot oil, all air and 
from the pores of the 
wood. The contents of the boiler are then sub- 
jected to pressure, hv which the oil is driven into 
the pores, from which the air has been sucked out. 
in this process (Boulton, British Patent 1854-1879) 
wet, unstacked wood can ho used without previous 
treatment. The method of creosoting or pickling 
can also he applied to sails, ropes, fishing-nets, etc. 

According to Williams, pyridenc and quinoline 
bases are the active constituents in preserving 
timber. The creosot ing is, however, both a chemical 
and mechanical process, and the “ indifferent oils ” 
play nu important part, leaving out of considera- 
tion the chemical effect of the phenols and the 
acids. The oil being forced into the wood seals the 
pores and prevents the entrance of water. 

The Mother Substance of Many 
Dyes. We come now to fraction 5, the anthracene 
oil (green oil, green grease, red oil), which boils above 
270° C. (thermometer in vapour). It consists 
largely of solids, which crystallise out on cooling, 
and of which the most important is anthracene. 
These solids are separated by pressing, the residual 
oil going back to the heavy oil. 

This separation may he effected by 
filtering through canvas 
means of filter or hydraulic 
presses. The residual 
mass contains about one- 
third its weight of an- 
thracene. It is then 
powdered and washed 
with naphtha in closed 
iron cylinders provided 
with mechanical agitators 
and heated by a steam 
coil. The naphtha is, of 
course, recovered by dis- 
tillation. It leaves behind 
a number of hydrocar- 
bons, especially phenan- 
threne [see Organic Chemistry], which are used 
for making lampblack. 

Crude anthracene is a. brownish-green mass. 
Final purification is effected by sublimation. In 
England a larger yield of anthracene (London tar 
0 8 per cont. to 0*9 per cent.) is obtained than on the 
continent (German and Dutch works, 0’3 per cent, 
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natural asphalt, 
hut only in combination with the latter [see page 
2425). Pitch may also he redistilled in special 
ovens in order to obtain a further yield of the 
valuable anthracene. Coke is left behind at the 
end of the operation. 

WOOD DISTILLATION 

In the various countries where there is a plentiful 
wood supply, particularly in Scandinavia, Germany, 
and North America, a portion of the output is 
utilised in the manufacture of chemical products 
by subjecting the wood to destructive distillation. 

Wood consists essentially of 30 per cent, to 60 per 
cent, cellulose with about 1 2 per cent, of moisture and 
a small quantity of resin, mineral matter, etc. After 
deducting moisture, common woods contain about 
50 per cent, of carbon and 6 per cent, of hydrogen. 

The effect of heating is, in the first place, to drive 
off water, after which the wood begins to char and 
volatile decomposition products are given off, 
which are condensed by suitable means. They 
consist chiefly of methyl alcohol or wood spirit, 
tarry substances, and 
I « a weak solution of acetic 
acid, which collect in the 
receiver, while charcoal 
remains behind in the 
retort. < iases consisting 
mostly of carbon mon- 
oxide, carbon dioxide, 
and marsh gas, arc also 
evolved. The charcoal is 
directly marketable. The 
gases are usually led back 
and burned under the 
retorts while the distillate 
is worked up on the fol- 
lowing lines. 

It is first roughly 
separated into aqueous 
liquor and tar. The 
aqueous liquor, which 
consists mainly of weak 
acetic acid, termed pyro> 
ligneous acid, can l>e employed directly for making 
iron mordant by dissolving scrap iron in it, the 
product consisting of a mixture of impure ferrous 
and ferric acotates, the so-called black liquor or 
iron liquor. Or litharge may be dissolved in it, and 
the resulting sugar of lead purified by crystallisation. 
It is, however, more usual now to subject the crude 


PLANT FOR TREATING CRUDE DISTILLATE. 
TRIPLE STILL SYSTEM 



APPLIED CHEMISTRY 


pyroligneous acid to a careful separation. The 
liquid, which is dark brown in colour, and has a 
strong cmpyreumatic odour, consists in the main of: 

5 to 10 per cent, of acetic acid 

OT „ 0'2 „ ,, acetone 

1‘5 „ 3 „ „ wood spirit (methyl alcohol) 

0 ,, 10 „ „ tar 

7 87 „ „ water 

and other products. 

The acid is distilled, and the vapours led througl 
milk of lime, which combines with the 
acetic acid and any other acid sub- . IT 
stances, while the greater part of the I 
steam and wood spirit vapours pass on, 
and are collected in a su ita hie condenser. 

Crude Products and Yields. . I 

We now have our erode products | L 

separated in throe parts: 44f *- J 

1. The tar which remains behind in g 

lh O r T t r rt - 1 *• , , . t . . ONCKNTIl 

2. J he solution of calcium acetate t ^ 

with a concentration of about 15 per cent. ( M AlK J 

3. The solution of wood spirit- in water — of from 
0 per cent, to 10 per rent, strength. 

The crude calcium acetate liquors yield on con- 
centration a grey calcium acetate containing 80 )>er 
cent, to 84 per cent, of the pure acetate which serves 
as raw material for the preparation of acetic acid 
and acetates. A brown acetate of lime is also 
manufactured containing 00 per cent, to 70 per cent, 
of the pure acetate. The crude wood spirit is 
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The Still In Operation. We will now 
describe in more detail the process of distilling wood 
and tho preparation of acetic acid, acetates, methyl 
alcohol and acetone. 

Before the wood can he put into retorts for dis- 
tillation it has to be stacked for one or two years 
in order to get it as dry as possible. It is taken from 
the drying sheds, put on to small trucks, and taken 
to the retorts. These consist of horizontal cylinders 
[4], which are heated so that the (lames do not come 
into direct contact with the metal, hut. 
are arranged so that the hot Hue gases 
surround them. This is necessary to 
prevent over-heating of the retorts and 
t° subject tile wood to as uniform a 
H temperature as possible. 

J 1 The water and other products formed 

are carried into tubes surrounded bv a 
FOR cold water-jacket, arranged so that they 

LTNC, cal- ,m * )e leaned out should they 

v Tinrmxj £ f 'l stopped up at any time. In these 
tubes the w hole of tile volatile matters 
are condensed with the exception of the gases. 
The former collect in a vessel or receiver. On 
their way they pass through a small separator, and 
a pipe from this leads the gases hack to be burned 
under the retort. A number of these retorts arc 
arranged alongside one another. 

In the first stages the distillate is clear, and has 
little odour, being almost free from acetic acid and 
tar. but later on the distillate becomes darker in 


rectified in special distilling plant (deplilegmators) 
fitted with condensers, and yields an 80 per cent, 
wood spirit, the raw spirit of commerce. 

Returning now to the larger quantity of tar 
separated mechanically from the aqueous liquors, 
if this tar be distilled it can be separated into a 
liquor containing some acetic acid and wood spirit, 
a light and a heavier tar, and, finally, wood pitch 
(Stockholm tar), which remains behind in the stills. 


colour owing to the presence of a considerable 
proportion of tar, while gases are given off in larger 
quantities. In the final stages the gas evolution 
slackens, and the condensed liquids consist almost 
entirely of tar. When the distillation is complete, 
the front of the oven is opened, and workmen 
immediately seize hold of the basket in which the 
wood lay in the retort and draw it out. As soon 
as the hot charcoal comes into contact with the air 


Tho yields are approximately as follows : it catches fire. This is put out by sprinkling it 

20 per cent, of acetic acid and wood spirit with a little water, and the charcoal is allowed to 

5 ,, „ light tar oils ft cool in an iron vessel with the 

lid well luted on, so as to 
prevent access of air. The 
cooling-box is seen cm the 
right-hand side of 4. The 
distillate from the different 
retorts collects in larges 
wooden vats, where the tar 
separates out. and is run out 
from a tap at the bottom 
from time to time, while the 
aqueous liquors over How from 
the vat into a series of vats 
— live in all — where the tar 
settles. In the last vat prac- 
tically no tar at all is found. 
Separation of the 
trees yields a maximum of wood spirit and acetic .acid, Products. The crude aqueous liquorsaro pumped 
while the tar is of little or no value. On the other up into a cistern, whence they are run into a large 

hand, the wood of .pine trees, of which usually the copper retort |5], which is in connection with two 

stumps and roots are employed, yields, in addition to smaller copper vessels containing the milk of lime, 

a small quantity of wood spirit and acetic acid, a The large retort is heated by a steam coil, and the 

valuable pitch (Stoc kholm tar) and some turpentine. products, consisting chiefly of methyl alcohol and 
According to Rudnew the acetic acid obtained from acetic acid, are driven over and collect in the smaller 

100 parts of different kinds of wood is as follows : vessels containing the milk of lime (triple still system). 

Linden . . 10*24 parts Fir . . . . 3*2 parts The plant is arranged so that tho vapours pass 

Birch .. 9*5 Cellulose from through cither or both of the milk of lime vessels. 

Aspen . . 8*00 ” birch 0*2 „ The greater part of the steam and methyl alcohol 

Oak . . 7 -9 " Cellulose from ~ ” pass on, and are condensed in a suitable condenser, 

Pine ! ! 5*0 ” pine . . 5*0 „ seen on llancl of 6 * 

The wood was “ distilled ” from glass vessels The specific gravity of the distillate is taken 
at 150° C. to 300° C. continuously by running the liquor through a vessel 
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10 „ „ heavy tar oils 

00 ., ,, pilch 

The woods employed for 
distilling belong to one of 
t wo classes. They are either * 
woods of deciduous trees — 
that is to say, trees that lose 
their leaves in autumn [see 
) mge 407 0] — or of some va r iot y 
of pine tree (conifers). They !' 
are treated « 

some^ i. iln. 

of deciduous 
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provided with nil hydrometer. The first portions, 
being much richer in methyl alcohol, bIiow a low 
sjKjeific gravity. When the instrument shows that 
the specific gravity of the condensed vapours is 
practically equal to that of water, it may he taken 
that the whole of the methyl alcohol has been 
driven off. There is, there* fore, no need to condense 
the vapours, which come over in the latter part of 
the operation, as they consist wholly of steam. 

Take the ease of 1.000 gallons of crude liquor 
from beech wood, which will contain about 275 lb. 
of wood spirit: at least 270 gallons of weak aqueous 
wood spirit will distil over before the whole of the 
wood spirit is condensed. The first portion, con- 
taining HO per cent, to 40 per cent, of methyl 
alcohol, is usually collected apart in a separate tank: 
the weaker liquors, containing up to 15 per cent, of 
wood spirit, arc also separately collected. 

Before all the wood spirit is driven out of 
the big copper retort in which the liquor wa*- 
originally placed the acetic acid will begin 
coming over, and as soon as the milk of 
lime in one of the smaller vessels shows an 
acid reaction to litmus it is run out, and 
the vapours and steam led into the second 
vessel. The crude acetate of lime collects in 
tanks, and contains about 20 per cent, of 
calcium acetate, so that a large quantity of 
water must be driven off* before the com- 
mercial dry calcium acetate, containing 
about SO per cent, pun* acetate, can be obtained. 

This concentration of the liquors is not easily 
carried out. because at a certain stage the material 
gets into a pasty condition and requires consider- 
able mechanical force to keep it stirred to prevent 
any of it being overheated. The concentration is 
usually effected in a jacketed steam pan [6]. and the 
concent rat ion carried only to a certain stage, when 
it is transferred to a cylindrical drier with internal 
revolving arms. These arms arc* provided with 
scoops. Hot air passes up the cylinder, which i« 
set at an inclination so that the* material travels 
down the cylinder, leaving it in the dry state at tlu* 
lower end, whence it is elevated to a storage bin [7|. 

The crude methyl alcohol, which is only about 
10 cent, strength, is rectified in a special plant- 
18] consisting of a boiler heated with a steam coil, 
on which stands a tower divided into a great number 
of compartments by perforated plates, termed a 
dcphlrrf)nator. There are many 
patterns of these plates, hut 
they arc all arranged so that 
the vapours 
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passing 
fro m 
b o i 1 e r 
counter 
liquors 
scending, 
are 


up 

the 



forced to 
bubble 
through 
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them. In this way the portions containing water 
are returned to the boiler, while the more volatile 
portions, consisting of methyl alcohol, escape from 
the top of the tower and are 
led into a condenser. A 
sectional drawing of similar 
plant for treating nmmoni- 
acal liquors is shown in the 
Acid and Alkali section [20, 
page 4770]. 

There remains only the 
tar to be dealt with. That 
separated from the aqueous 
liquors is usually burned 
under retorts by means 
of sprays, in exactly the 
sftino manner as coal-tar is 
burnt. 

The larger quantity 
of crude tar is sub- 
jected to a distillation 
to recover tlu* acetic 
acid and methyl 
alcohol contained in 
it. 

Coni ferous 
Woods. The fore- 
going description 
applies chiefly to 
beech wood and the 
wood of other deciduous frees, and requires some 
modification if applied to pine woods, ns the latter 
contain resin, which yields turpentine when the 
wood is distilled. 

As turpentine is a valuable product, the distil- 
lation of pine woods is a profitable operation, in 
spite of the much smaller yield of acetic acid and 
methyl alcohol. The turpentine collects in the 
same receiver with methyl alcohol, after the vapours 
driven off from the large retort ha\e passed through 
the milk of lime, and separates out as a distinct 
layer, which may be drawn off. 

Owing to the presence of small quantities of allyl 
compounds, it lias a }»enetrating smell, and t lie 
vapours irritate the eyes. No amount of further 
distillation will rid the crude turpentine of this 
impurity, and recourse is had to chemical treatment. 
The crude turpentine is run into an iron vessel 
provided with mechanical agitators J9], and a 
quantity of caustic soda liquor added. This extracts 
some of the impurities, such as aldehydes, phenols, 
etc., the liquor changing to a brown colour. It is 
run off, and the oil washed with water in a similar 
manner — that is, water is run in, the agitators set 
going, and after sufficient treatment the water run 
off again. Following this washing with soda, tho 
crude tuiqienline is treated in a similar manner with 
sulphuric acid, and finally rectified. 

Acetic Acid. As already mentioned, the crude 
sodium acetate is the material from which the pure 
acetic acid is prepared. For this purpose the sodium 
acetate is acton on with either hydrochloric or 
sulphuric acids. For 100 lb. of calcium acetate 
1 15 lb. of hydrochloric acid of 20° to 21° B. is 
required. The two arc thoroughly stirred up and 
allowed to stand, when the small quantity of tar 
contained in tho acetate of lime rises to the surface 
and is skimmed off. The liquor is then heated in 
copper boilers by means of steam coils, and the 
acetic acid vapours are driven off and condensed. 

Theoretically, 100 parts of the crude grey acetate 
of lime, containing 82 per cent, of the pure sub- 
stance, should yield GO parts of glacial acetic acid ; 
but this yield is never obtained in practice, as a 
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certain amount of acetic acid is held back by the 
chloride of calcium liquor remaining in the boiler. 

Acetic acid prepared by this method is usually 
of about 45 per cent, strength, and as such is 
brought into the market. It could be concentrated 
bv rectification, in plant built on similar lines to 
that used for rectifying methyl alcohol [8]. 

Nowadays, the tendency is to use 
sulphuric acid instead of hydrochloric 
acid for liberating acetic acid. Tt 
will be seen 
that whereas 
the liquor in 
the boiler 



10. PLANT FOR MAKING ( RUDE ACETIC ACID 
.BY SULPHURIC ACID PROCESS 


using the latter acid, this is not the case when 
working with sulphuric acid, as insoluble calcium 
sulphate is formed in the reaction. This necessitates 
fitting the boiler with mechanical stirrers 1 10]. 

Further, when using sulphuric acid certain other 
decompositions take place simultaneously, with the 
result that some sulphur dioxide is formed, and the 
acid is not so pure as that obtained by the hydro- 
chloric acid process. The difficulty may be got over 
by adding an oxidising agent, such as pyrolusite, 
to the contents of the still. The sulphuric acid 
process has, however, this great advantage, that 
as the liquor is not diluted, Ihe acetic acid is ob- 
tained in a more highly concentrated state — that is, 
as high as 75 per cent. 

The more concentrated the acid the higher the 
temperature at which it boils. By distilling in a 
suitable retort, fitted with a dephlegmator. the most 
concentrated acid - - the so-called (/facial acetic acid — 
is obtained. The term “ glacial ” is given to it on 
account of its property of solidifying to a. hard, 
ice-like mass in moderately cold weather. 

In many cases it still contains a little sulphurous 
acid and other organic impurities. To obtain the 
absolutely pure acid for pharmaceutical or similar 
purposes, it is distilled over permanganate or 
bichromate of potassium in a copper Retort pro- 
vided with a silver condenser. It should be 
colourless and water clear, and should not decolorise 
a solution of potassium permanganate. 

Acetone. Acetone is prepared in large 
quantities for use in the celluloid industry, and 
for gelatinising nitfO-eelIulo.sc in the manufacture 
of smokeless powders. Wry large quantities 
are imported into this country by our (govern- 
ment for this purpose. Acetone is obtained 
on a large scale by distilling calcium acetate. 
•Special forms of retorts are employed, sometimes 
provided with stirrers similar to those used for 
making acetic; acid by the sulphuric acid pro- 
cess [ 11 ]. 

The yield obtained depends very much upon 
the manner in which the crude material is 
heated, and the retorts are arranged so as to be 
surrounded by the hot flue gaHCR. At first, 
water distils over, as even “dry” acetate of 
lime contains some moisture in combination. 


after which nothing comes over for a little while, 
until the acetone itself makes its appearance as a 
dark brown distillate with a characteristic odour. 

During the process, inflammable gases are given 
off, owing to secondary decompositions, and these 
gases must be removed from the retort by a steam 
jet before the latter can be opened. 240 lb. of 
crude acetate of lime yield about 22 lb. of crude 
acetone, and the jet of steam led into the retort at 
the end of the operation carries over about another 
4 lb. The illustrations in the wood distillation 
section are from machines constructed by F. A. 
Meyer, Hannovcr-llainholz. 

Coal-tar and Wood Products. The 

different products obtained in the distillation of 
coal and wood form the raw materials for the 
manufacture of a host of valuable substances which 
include most of the disinfectants and dyes, as well 
as synthetic remedies, artificial perfumes, and 
saccharin. From the chemical point of view, the? 
composition of these substances is extremely com- 
plicated, and their manufacture not less so. A 
thorough knowledge of organic chemistry is neces- 
sary for anyone who desires to follow, step by step, 
the stages by which these substances arc built lip 
from such mother substances as benzene, toluene, 
phenol, cresol, naphthalene, and anthracene. 
Besides these coal-tar products, we have the acetic 
acid, acetone, and methyl alcohol as raw materials 
obtained from wood. VVe must, therefore, content 
ourselves in the majority of eases with a bare 
enumeration of some of these products. It will be 
realised that even this uniat be done inadequately, 
when we consider that there are, for instance, several 
hundred coal-tar colours known. 

Disinfectants. For use as a disinfectant, 
a chemical substance is not required in a high state 
of purity, and consequently we have already had 
occasion to mention phenol and cresol, and other 
products of the distillation of coal, which may be 
applied in the crude state. A number of other 
disinfectants which have been prepared possess a 
similar chemical constitution, and are known as 
hydroxy derivatives of benzene and its homologues. 



developers are similarly constituted, but of more 
complicated constitution. We should not omit to 
mention a valuable disinfectant called formaline , 
consisting of a 40 per cent, solution of formaldehyde, 
obtained by passing a mixture of air and tho vapour 
of methyl alcohol (wood spirit) over hot copper oxide. 
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Excess of methyl alcohol is always used in practice, 
and some 30 or 40 per cent, unacted upon is re* 
covered in a subsequent operation. The greatest 
care is necessary in maintaining the right propor- 
tions of methyl alcohol vapour and air, otherwise 
disastrous explosions may take place, or else the 
oxidation may go too far, so that the whole of 
the formaldehyde is oxidised to formic aeid. with 
rise of temperature. 

Coal-tar Colours. These are sometimes in- 
correctly termed aniline dyes, for although some of 
the more, important are derivable from aniline and 
its eongenors, this is by no means always the ease. 
The anilino dyes are, in the first instance, derived 
from benzene, toluene, naphthalene, and other 
hydrocarbons, by acting on them first with nitric 
acid, to give the corresponding nitro-compoimdx. of 
which nitro-benzeno is the simplest representative. 

It is a yellow oil, smelling of almonds (essence of 
mirbane). These nitro-eompounds are reduced with 
iron or zinc in hydrochloric acid solution, yielding 
aniline, toluidene, naphthylmine, etc. 

C,.H- . NO, -> (Y.IJ, • NH, 
Benzene N it ro- benzene Aniline 

Aniline is a colourless oil of peculiar odour, which, 
together with analogous substances, yields the dyes 
of the rosaniline group, including magenta and 
fuehsine, and a great number of others. There are 
also the indulines and wi fra nines, “ basic ” dyes of 
a blue or darker shade. | For an explanation of 
the terms “basic.” “acid,” “adjective,” and 
“substantive” dyes, sec* Paints, page 5141 1. 
Aniline black, made by carefully oxidising aniline, 
is of importance in cotton printing. Methylene blue 
is an important sulphur containing dye Passim: 
from the aniline dyes we come to the phenol dye- 
stuffs — mostly aeid dyes — nitro-derivatives of the 
phenols. Picric aeid (trinitro-phonol), a strong, yellow 
dye, may he taken as an example. One part in 1.0(H) 
will dye silk a distinct yellow. Victoria yellow and 
Martins’ yellow are other dyes of this ela^. 
Naphthalene oxidised to phthalic acid combines 
with the phenols to yield the phthalcin colours : 
some of the best known are erythrosine, cosine, and 
pldoxine. In addition, there are tin* rosolie acid 
and indo- phenol; dyes. 

Artificial Madder and Indigo. Tin- 
third important group comprises the azo dyes. 
They are characterised by the azo grouping, com- 
posed of two nitrogen atoms ( — N = N — ), in com- 
bination with an amido (NH,) group (amido-azo 
compounds) or a phenolic (OH) group (oxy-azo 
compounds). The simplest representatives will he : 

Amido-azo benzene ( V, H fl — N ~ N - C 0 H 4 (N H , ) 

Oxy-azo benzene C 0 II B ~ N --N — 0 rt H + (OH) . 

Colouring matters of this ty|>e, blit usually of more 
complicated constitution, are known respectively as 
chrysoidines and Irnpa-oHu'S. They are mostly 
yellow, brown, or scarlet dyes. As examples, we 
may cite Bismarck brown, crocein scarlet, and 
phenylene brown. Methyl orange, used as an 
indicator [sec Acids and Alkalies] is also an amido- 
azo compound. 

Anthracene is the basis of another important 
group, which includes alizarine (the artificial 
madder) and numerous other dyes, alizarine orange, 
alizarine blue, purpurine, and many similar 
substances. 

Quinoline and acridine, two other coal-tar pro- 
ducts, yield valuable dyes. Finally, we have 
artificial indigo, now manufactured on a commercial 
scale, and which is replacing the natural product. 
The chemical reactions involved in its manufacture 
are exceedingly complicated. 
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Artifical Perfumes and Flavouring 
Matter. Hike the coal-tar colours wo have just 
discussed, the nature of these substances is 
generally very complex, and they may conveniently 
be divided into two classes. There are, firstly, the 
synthetic products, which are, as far as we can 
judge, identical with the naturally occurring sub- 
stances. Secondly, there arc artificial products, 
usually mixtures, of different chemical substances, 
not identical with the natural product, but closely 
resembling it in odour or flavour. 

Oil of Bitter Almonds and its Sub- 
stitutes. To take the simplest instance we can 
think of. natural oil of bitter almonds is formed by 
the hydrolysis of a substance called amygdalin, 
which, owing to the presence of a natural ferment or 
enzyme (emulsin) occurring with it in the bitter 
almond, is decomposed (hydrolysed) with the for- 
mation of benzaldehydo, to which the odour and 
flavour of bitter almond is due. 

Now. l>enznldehydc, (_' n H r ,CHO, can be synthesised 
(built up) artificially from toluene, a hydrocarbon 
allied to benzene, occurring in the distillate of coal- 
tar. Hence benzaldohydc is to be regarded as a 
true synthetic product. Its manufacture on a 
commercial scale has been brought about through the 
following stages: (1) isolation and examination of 
tin* natural oil resulting in the elucidation of its 
chemical constitution: (2) the synthesis of this 
substance from simple commercial products, in this 
ease toluene, as a result of laboratory work, based 
on purely theoretical considerations; (3) the 
adaptation and, if necessary. modification of labora- 
tory work, to the conditions of commercial 
manufacture. 

Leaving now the true synthetical products, wo 
come to tin* second class of artificial substances. 
As a result of research in the laboratory, ft substance, 
nitro-henzene. C 11 a NO. was obtained by nitrating 
benzene. it L a yellow oil (benzaldehydo is 
colourless). Inning an odour strongly resembling 
oil of bitter almonds, and i-< largely used for flavour- 
ing. under the name of “essence of mirbane,” to 
replace the more expensive benzaldehyde. 

Essence of Violets. Whether for flavour- 
ing or for perfumes, it is necessary to use only very 
small quantities of the artificial products. In a 
concentrated condition, their taste and smell are 
usually quite different, and even unpleasant. It 
must be remembered that the natural substances 
which give the characteristic flavour and perfume 
to fruit and flowers are present only in minute 
quantity. This has added considerably to the 
difficulties of chemists in attempting their synthesis 
and manufacture on a commercial scale. It has 
been extremely difficult to procure sufficient for 
analysis except at impossible prices. Tiemann and 
Kruger's synthesis of ionone, the perfume of violets, 
may lx* cited as an instance. The odour of dried 
orris or iris root is very similar to that of violets, 
and as these chemists were unable to procure 
sufficient violet essence for their experiments, they 
were forced to work with extract of orris root, 
assuming the odoriferous principle to be the same 
in both eases. In the course of their work they 
isolated a substance, iron 0 , from oil of orris, and in 
attempting to synthesise this body they eventually 
obtained a substance (ionone) very similar to, if not 
ideuical with, the body they were in search of. 

Ionone is sold as ft 10 per cent, solution in alcohol, 
but its odour in concentrated condition is quite 
unlike the odour of violets it possesses when diluted. 
One part of this solution will produce 100 times its 
weight of triple extract when diluted with spirit. 
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Natural and Artifical Products Con- 
trasted, ' Tt is not, however, advisable to 
employ ionone merely diluted down with spirit in 
this manner. Somehow or other, the odours of 
these chemical products, even when they are iden- 
tical with the natural substances, arc harsher and 
less refined. This is probably due to the presence 
of traces of other substances, and much may be done 
to improve the artificial products by suitable 
blending. For this purpose we may use mixtures 
of artificial substances, or mix them with the 
natural products : thus, in preparing extracts or 
scented aoaps, the odour of ionone is much 
improved by the addition of a small quantity of 
oil of orris. 

Many flavouring matters are poisonous in large 
quantities. A case recently occurred (March, 1900) 
in a biscuit factory, where one of the operatives 
drank a quantity of “ essence of mirbane,” intended 
for flavouring dough, with fatal results. 

Other Synthetic Products. Some of 
the more important synthetic products are: 

Oil of eas.-ia or cinnamon. Cinnamic aldehyde, 
(\,H fl . CH : CH . CHO, closely related to ben /.aide- 
hyde or oil of almonds. 

Oil of cloves. Kngenol, n derivative of phenol. 

Oil of wintergreen. Methyl salicylate, C 0 H 4 
(OH)COOOir.,, obtained from salicylic acid, and 
indirectly from phenol. 

Oil of garlic. AUyl Milphide (C s H . 8. 

Oil of mustard. Allvl isothiocvanate CS : N . 

Niobc oil. Methyl benzoate, C,.H 6 • ( ‘OOCT l a . 

Borgamiol or artificial oil of bergamot. Linalvl 
acetate. 

Vanillin is the active flavouring constituent of 
vanilla and is prepared synthetically from metamido- 
benzaldehyde. 

The urtilicial product is often adulterated with 
acetanilide. 

Couniaiin is the odoriferous principle of tin* 
tonka bean, woodruff and other plants, and is 
contained in the perfume known as “ foin coupe,’ 
or New Mown Hay. It was synthesised by Perkin 
from salicvl aldehyde. 

A Perfume from Pepper. Heliotropin or 
piperonal, a substance having the odour of helio- 
trope, was originally prepared from pipeline, the 
alkaloid extracted from pepper. It is now made 
commercially from *afrol and is obtained in the 
form of white crystals. The perfume deteriorates 
unless the substance is stored in a cool, dark place. 
The heliotrope perfumes of commerce are made by 
blending heliotrope with vanillin or comnarin, the 
cheaper ones with acetanilide. While, in 1880, the 
price of heliotrope was £70 per lb. it is now 14s., 
so that the price has been enormously reduced. 
The same may be said of most other synthetic 
products : thus, vanillin cost £30 per lb. in 1880, 
while the present price is £1 l‘2s. But in many cases, 
as with the essence of violets, the price is not 
likely to suffer much reduction until the patent 
expires. Hawthorn (aubepine), or odour of may 
blossom, is the substance known to chemists as 
anisic aldehyde and is obtained from phenol. Ft 
oxidises in air, so that it should be stored in well- 
filled bottles. 

Artificial Musks. These are substances 
icsembling but probably not identical with the 
natural product. They are usually prepared 
according tc Baur’s patents from toluene. This 
substance is made to react with butane by means 
of aluminium chloride and a portion of the distillate 
nitrated. It forms yellowish-white needles. 


Artificial Neroli. Artificial neroli,' or nerolin, 
is tho methyl ether of ^-nnphthol. Bromelin, the 
odour of which is said to resemble pineapples, is 
the corresponding ethyl other. By suitable blend- 
ing, perfumes resembling lilac, hyacinth, lemon, 
roses, etc., may be obtained. We should also 
notice the series of esters of fatty acids having the 
taste and odour of fruit — for instance, ethyl 
butyrate, or essence of pineapple, ethyl pelargonate, 
or quince oil, amyl acetate, or pear essence, amyl 
valerate, or apple oil, etc. 

Synthetic Remedies. These arc chemical 
substances used in medicine, the majority of which 
are not met with in nature. 

Fever and Headache B emeries 

Antipyrinc (analgoino), or phenazonc. This 
substance was originally introduced ns a febrifuge 
(used medicinally in cases of fever), but is also 
employed as an anodyne (to relieve pain). It is 
known c hemically as pin nj/l-d im ethyl- i-<to pyrazolone 
and is obtained by the action of necto-noetic ether 
on methyl-phonyl-liydrazinc and crystallises in 
white tables or plates. 'Hie salicylate of antipy- 
rinc. or “ salipyrine," is used for similar purposes. 
“ Hypnnl *’ is a compound of chloral and anti- 
pyrinc. 

Acetanilide, or antifebrin, already referred to 
under Perfumes, is obtained by boiling aniline 
[see Coal-tar Colours] and glacial acetic acid. It 
is represented by the formula, (\,H . NH(C a li R (>), 
and forms white prism-like crystals. Like anti- 
pyrinc it is used as a febrifuge. “ Antisepsin ’’ is 
para - brom-aeetanilide. Methyl - acetanilide is a 
specific against headache and known as “ exalgin.” 
It is also employed as an anti-rheumatic. Ben- 
zanilidc, C„H.-, . CO . NH . C r> ll-, is used as an anti- 
pyretic for children. 

Phenacctin , or para-aeet-pbenetbidine, is another 
antipyretic and anti-neuralgic, said to be free 
from objectionable after effects when administered 
medicinally. In a 'ffiemienl sense it is related to 
aniline and may hr regarded as a derivative of 
acetanilide. Its formula is represented con- 
stitutionally as follows: C,.I1 4 (0 . (U1J . NH 
(O.JI a O). It, will be seen that it differs from 
acetanilide by the introduction of the ethoxy 
group, ().C„H-. 

Metaectin, a substance Inning a similar thera- 
peutic action to phenacetin is also chemically 
related to the latter. It is para-acet-anisidino. 

Drtths to Indite Sleep 

llypnouc , is acetophenone. C-. H - . CO . CH.,, and is 
prepared from benzene and acetyl chloride. It 
is used medicinally as a soporilie (sleep producing). 

Sul phonal, another soporific, as its name implies, 
contains sulphur. It is obtained by heating a 
mixture of acetone and mercaptan with hydro- 
chloric acid. The allied substances trionnl and 
tetronal arc also used as .soporifics. 

Numerous other synthetic remedies, mostly the 
products of (Jernrnn laboratories, have been put 
upon the market, but few ever find general applica- 
tion. Undoubtedly some of those we have cited 
are of the utmost importance, uml no doubt the 
really valuable ones will come into general use. 
There are numerous products containing iron, 
sometimes in combination with albumen, for the 
urpose of rendering the former easier of assimilation 
y the human system. These and similar products 
are not of sufficient, importance to detain us. It 
may be as well to remind the reader that of tho 
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anaesthetics alcohol, ether and chloroform, the 
last two are obtained synthetically from the 
first. 

Saccharin. This is a white crystalline solid 
substance with an 'intensely sweet taste which, 
according "to the most recent information, is said 
to bo five hundred and fifty times as sweet as 
ordinary enne sugar. That first produced was 
impure and not more than half as sweet. So 
accustomed are people to associating sugar with a 
sweet taste that saccharin is often regarded as a 
sort of concentrated sugar. 'Hi is, however, is not 
the case, as there is no sort of chemical relationship 
between them. Whereas cane sugar is built up 
of carbon hydrogen and oxygen only, saccharin 
contains, in addition, nitrogen and sulphur. The 
raw material used in its manufacture is toluene, a 
hydrocarbon related to benzene, and one of the 
constituents of coal tar. The steps by which it is 
built* up may be followed by placing the raw 
material, intermediate substances, and final produel 
in order, as follows : 

(H . (’H,, Toluene 

/>\ n ii f ( ’H o — Toluem sulphonie 

{ •’ * \ SO.H arid 

(3) (\,H , j o — Sulpho- benzoic acid 

n T| ( ((Ml Dichloride of o-sulpho- 

( D \ S()..ri benzoic acid 

. ,, f CO .H o Siilphnmidn - benzoic 

(.») < n«i , so:N 1[, acid 

((») V n \i x j | NH Saccharin. 

Saccharin is of an acid nature and can be neu- 
tralised wi|tl soda. The sodium salt crystallises 
with tw'o molecules of water, and has the advantage 
that it is much more readily soluble in water than 
saccharin itself. It is the chief constituent of the 
casily-solublc* saccharins on the market. 

CELLULOID 

This product is made from paper or other forms 
of pure cellulose, by converting them into pyroxylin 
(guncotton or collodion-cotton), by treating with a 
mixture of sulphuric and nitric acids. The product, 
when washed and dried, may be added to melted 
camphor, and the two moulded together by strong 
pressure in a hot press, or otherwise closely in- 
corporated, and finally dried and moulded : or the 
pyroxylin may be dissolved in a mixture of ether 
and alcohol, in which form it is known as collodion 
solution. If spread out as a varnish and the 
solvent evaporated, the residual transparent, film 
is known as collodion or celluloid film, and, as we 
all know', is largely used in photography, for the 
cinematograph, and for many other purposes where 
a transparent film is required. There are many 
modifications and changes in methods of treatment, 
which space* will not permit 11 s to deal with 
in detail. [For collodion silk see Artificial Silks. J 

Celluloid was first made by Hyatt, of Newark, 
United States of America, who used both the 
above-mentioned processes. Now a combination 
of the two processes is more often employed. 

“ Celluloid may he readily coloured by means of 
various pigments used either in solution or in 
suspension and added to the mixture of pyroxylin 
and camphor before it is subjected to pressure. 

‘ Marbled 1 celluloid is made by pressing plates of 
the differently coloured material together. Imi- 
tation tortoiseshell, used largely for the manu- 
facture of combs, etc., is made by squeezing together 
plates of transparent yellow celluloid with similar 
plates coloured with various shades of brown, etc. 
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“ Celluloid is highly inflammable, but non-explosive 
even under pressure : hence, it may lie worked 
under the hammer or between rollers without risk. 
It softens in boiling water, and may then be readily 
moulded or pressed into various forms. Its 
specific gravity varie^, slightly with its composition 
and the degree of pressure to which it has been 
subjected: it is usually about 1 •35.” For further 
details of the chemical details of manipulation, 
see Thorpe’s “ Dictionary of Applied Chemistry,” 
from which the above quotation has been taken. 

Croat art is now displayed in the manufacture 
of innumerable articles familiar to us all through 
their w'orld - wide application. It successfully 
imitates ivory, horn, bone, tortoiseshell, mother- 
of-pearl, and many other natural products, besides 
replacing ebonite, vulcanite, china, glass, etc. 
Celluloid can generally be recognised by the smell 
of camphor which it emits when briskly rubbed. 
But even this is reduced to a minimum, if not 
entirely eradicated, by skilful manipulation. *Its 
chief drawback is its inflammability, which is now, 
however, largely reduced. Hundreds of different 
articles are made from celluloid or “ Xylonite,” the 
name given to it by the British Xylonite Com- 
pany. Ltd. 

MATCHES 

A match is defined in Thorpe's “Dictionary of 
Applied Chemistry” as "an instantaneous tin* 
producer, consisting of a short stem, rod, or tube, 
tipped at one or both ends with a composition or 
paste, inflammable by friction." 

The lucifer match has come into existence within 
the last 70 or SO years. Prior to this the production 
of tire by the kindling of suitable combustible 
materials was promoted by friction, at one time 
by the rubbing together of two stones, or later bv 
Hint and steel. The latter is familiar io many of 
us in the old flint-lock guns of our forefathers to 
be seen in the old armouries. The rubbing of two 
pieces of wood together is the method still employed 
by the North American Indian and the Polynes- 
ians, who obtain fire by rapidly lotating a pointed 
rod of dry, soft w f ood, called a fire-drill, against a 
block of harder wood. 

It is impossible to deal with the history of the 
different substances employed and the different 
methods in vogue from the time of the “phos- 
phoric tajHT ” up to the present, or to refer to the 
various forms of vestas and eigar lighters. A mass 
of patents have been taken out by those con- 
nected with the industry, an account of which will 
be found in Thorpe’s “ Dictionary of Applied 
Chemistry.” 

The operations performed in the manufacture of 
wooden matches consist as follows : 

1, Barking; 2, cross-cutting; 3, steaming: 4, 
splint-cutting ; 5, drying the splints ; fi, filling 

the dipping frames ; 7, paraffining ; 8, dipping : 
9, drying the dipped splints ; 10, racking out ; 

11, halving, or cross-cutting; 12, boxing. 

All of these processes w r ere, and still are, in- 
volved in hand-made matches. Machines, however, 
are now’ almost universally employed. 

Match«making Machinery* The blocks 
of wood, which come from Canada, are all cut to a 
uniform thickness equal to the length of the match 
and placed in position by hand, with the grain in the 
proper direction, on two endless leather travelling 
bands, between friction rollers to ensure their being 
fed towards the cutters at an even pressure. The dies 
or cutters are small steel bars of rectangular cross- 
section, having a hole the size of the match to be 
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rut drilled in them at one end. The dies are placed 
together side by side in rows of 48 or more, the 
whole being moved up and down by the action of 
a cam. A whole row of match splints or sticks 
are cut on the downward stroke. A plate carrying 
a row of pins then ascends finder the bottoms 
of the match-sticks just cut, and drives them into 
counter-sunk holes in an endless chain of metal 
plates and without breaking them. This chain 
carries them forward with their points downward, 
where they are first, of all dipped to the depth of 
an eighth of an inch into a bath of paraffin wax, 
the surface of which is kept at a definite level by 
an ingenious contrivance. The dipped matches, 
after travelling forward until the paraffin has 
had time to set, come in contact with a roller 
covered with the igniting composition, revolving 
at the same pace at which the matches are travelling, 
to ensure that the heads are not one-sided. Tlie 
matches, after travelling round the machine in the 
endless chain, which runs over a number of drums, 
arc punched out from this by a row of pins, corre- 
sponding in number and position to the holes in the 
chain, into empty boxes passing along an endless 
chain band ready to receive them, which, when full, 
passes on to a revolving table, where the 
covers are put on by hand, after which they 
are made tip into packets of one dozen and 
parcels of six or twelve dozen. Very few 
girls are required for the handwork necessary 
on the output of a machine which in one 
day often equals 144,000 boxes, each box 
containing about 00 matches. 

Machines are now constructed to do away 
with hand packing, the whole of the hand- 
ling from start to finish being done by 
machinery. 

Box Making. “Chip" boxes, in which 
the chips are fastened together by pasted paper, are 
sometimes made by hand, but generally by machine. 
The atraw board boxes are made automatically 
from strips or reels of strawboard. The shape 
into which the material is cut and the places in 
which it is scored are shown in 12. The strip is 
first scored by sharp wheels, so that, it bends 
easily, and is then glued at regular intervals by 
means of an arm worked by a earn. The arm has 
twelve projections upon it, and it works up and 
down, in and out of a vessel containing melted 
glue, touching the cardboard at the top of its 
upward stroke, thus making a series of glue patches 



as shown in 12, which will make the description 
clear. The strip is then fed forward, and holes 
are punched in it at regular intervals beside the 
glue-marks, as shown. These pieces arc the only 
waste there is. After being glued and punched, 
the strip is automatically cut into suitable 
lengths, the line of cut running between two sets 
of glue-marks, as shown, and tho piece cut. off is 
then caught by a descending die, the edges A 
being turned upwards and inwards, and the edges 
B being pressed upwards and against them, 
and the box thus formed is forced into a metal 
former, a number of which are joined together in 
a continually revolving chain or band in the 
machine 1 13], in which it. travels for one revolution 
of the band. By the time the revolution is com- 
plete the box is dry, and it is then auto- 
matically released from the “ former,” to fall into 
baskets or crates. Each of these machines will 
turn out about. 80 boxes per minute. 

The machine for making the strawboard covers 
is fed from a reel of cardboard, which on its 
passage is glued, folded over, and so converted 
into a tube. The tube then traverses the length 
of the machine twice, and during its passage it 

dries, and is 
turned over so as 
to get tho join in 
a suitable place 
for future opera- 
tions. Tho tube 
then passes be- 
tween two print- 
ing rolls, which 
print&he requis- 
ite design on each 
face. It is then 
cut off to proper 
lengths, and the last process is to bring the edge of 
each box-cover against a wheel dipping in melted 
glue, and then to throw white sand against the 
glue when it is still wet to form tho friction surface. 
Such machines turn out from 800 covers per minute. 

Wax Vestas. In making wax vestas, the 
cotton twist which forms the wicks is drawn from a 
large slowly revolving cylinder, through a bath con- 
taining a mixture of stearin and gum, through dies, 
and then on to another drum. They are passed 
slowly backwards and forwards from drum to 
drum until the taper is of the, requisite thickness. 
The taper is then fed from the drums into a 
machine similar to that, described for wooden 
matches, which cuts it, into the length required, 
the chief difference being the manner in which 
the wax tapers or vestas are held, they being 
gripped by springs which hold them firmly for the 
operation of dipping in the igniting composition 
without pinching or marking them. The operation 
of dipping in paraffin wax is, of course, not 
necessary in the case of wax vestas. 

Composition Room. In this room tho 
igniting composition is made, in which tho match 
is dipped in the manner already described. 
These compositions are made to formula? 
known only to the makers. Messrs. Bryant & 
May do not use white or yellow phosphorus in the 
manufacture of their strike-any where matches, but 
a substance without smell and harmless to the 
operators. This is mixed with glue, chlorate of 
potash, certain other materials and colouring 
matter, the ingredients being weighed and care- 
fully milled to ensure a thorough amalgamation. 
Continued 
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Equiangular Triangles. Theorems Connected with Right-angled 

fJKDMr ikr 

cotitlmirri from jMfiO .7W W 

Triangles. Definition of Projection. Problems in Proportion 


By HERBERT J. ALLPORT, M.A. 


Proposition 55. Theorem 

If on (> sidr of u triangle is di ruled, inter n<dlg 
or ertenudlg, into minimi x proportional to the 
other sides of the triangle , the line joining the 
point of section to the opposite angle hi serfs that 
angle int email g or e eternally. 

With the figures of Proposition 54, let BC he 
divided at D, so that 

bd : dc : : ba : ac. 

It is required to prove thal AD bisects the 
L A, internally or externally. 

Proof. With the same construct ion as before, 
since AO is 1 to one side of the A BCE. 

bi> : DC , : ba : ah; {Crop. w>). 
But bd : dc ;; ba : a cm up.). 

ba : ak ;; ba : ac. 
ah; - ac. 
iAKC = jlACK 

* - alternate _ 1 >AC. 

And l FAT) - LAW. 

l FA I > _ DA( \ 

in' , _ A is bisected. 

Proposition 56. Theorem 

J f two t riangtes are equiangular to one another , 
their correspond i ng sides are proport itmal . 

Let ABC, DKF he two As in whieh _A 

= jld, b l k, 

and _ C - _F. 

It is required to 
prove that the 
t h r e e r a t i o s 

BC;EF,OA:FD, 

&' c e V and AB ; DK are 

equal. 

Proof. Place the A DEF on the A ABC so 
that I) falls on A and DK falls along AB. Then, 
since Lh- - A, DF will fall along AC. Let 
E', F' ho the new positions of E, F. Then, 
l YS l K. 

E'F' is i; to BC. 

ab : AK' ; : ac : af', 

i.e. y AB : DK ; ; AC ; DF. 

Similarly, hy placing A DKF «»n A ABC' so 
that K falls on B, and KD, KF fall on BA, 
BC, wc can prove that 

ab : dk ; : bc : ef. 

Hence, 

t BC : EF ^ CA : FI> - AB ; DK. 

Proposition 57. Theorem 

If two tramples have their sides pro/tor - 
tional % when taken in order , the triangles 
are. equiangular , those angles being equal 
which are opposite to corresponding sides. 

Let ABC', DEF be two As, in which 
BC : KF 
= CA ; FI) 

» AB : DE. 



It is required 



Similarly, it may he proved that GF ~ DF. 

A DEF ACEF (Prop. 7). 

But ACEF is equiangular to AABC. 

A a ABC, DEF are equiangular. 

Definition. Two rect ilineal figures are said 
to he similar when the angles of the one, taken 
in order, are equal respectively to the angles of 
the other, taken in order, and when the ratio 
of each side of the one to the corresponding 
side of the other is the same. 

Thus, similar figures are figures which have 
the same shape. Note (hat iv'o conditions 
are necessary for figure's to he similar. In 
the case of triangles, however, we see from 
Props. 50 and 57 that the one condition involves 
the other; i <*., if As are equiangular they are 
similar. 

Proposition 58. Theorem 

If two triangles hare, one angle, of the one. equal 
to one angle of the other , and the sides about 
these, angles proport ionat, the triangles are 
similar. 

In the figures of Proposition 50 above, let 
ABC-, DEF he two As in which L A — z.D 
and AB \ AC ; ! DE ! 1)F. 

It is required to prove the As are similar. 

Proof. Place the A DEF on the A ABC' so 
that D falls on A, DE along AB, and DF along 
AC. Let E', F', he the new positions of E, F. 
Then, since 

ab : ac : : de : df, 

/. ab : de : : ac : df, 

?>., ab : AE' ; : ac : af'. 

E'F' is || to BC (Prop. 53). 

_ AF/F' » l B, and L AF'F/ = z.C (Prop. 12) ; 
so that AAE'F' ; i.e. y ADEF is equiangular to 
A ABC. 

As ABC, DEF are similar. 

Proposition 59. Theorem 

If the ratios of two sides of one triangle to two 
sides of another triangle be equal , and if th •* 
angles opposite to one pair of these sides be equal , 
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then the angles opposite to the other pair are 
either equal orsupplementanj. 

Let ABC, DEF be two As in which 
AB : AC : : DE : DF and L B = L E. 

A 



e c £ F E F F' 

It is required to prove that cither i_C — L F, 
or l C + jLY— 2 right L s. 

Proof, ; (i.) If lA - lV, then L.V- L F 

nod the As are equiangular. 

(ii. ) If lA is not — L 1 ), make L EDF' — L A. 

Then As ABC, DEF' are equiangular. 

ab : DE : : ac : df' (Prop. r»r»). 
But ab : de : : ac : df (//»//#.). 

DF --- DF'. 
l DF'F - u DFF'. 

But L s DFE, DFF' are supplementary. 

/. L s DFE, DF'F arc supplementary, 

/>., L s DFE, AOB are supplementary. 

Proposition 60. Theorem 

/a u right-angled triangle, if a \ perpendicular 
he drain i from the right angle to the hyjtotenvse, 
the triangles on each side of it are similar lo the 
given triangle and to one another. 

Let ABC be a A in 
A which L A is a right L . 
Draw AD JL to BC. 

\ It is required to prove 

X \ that As ABD, ACD arc 

8 DC similar to AABC and t< 

<me another. 

Proof. In A» ABC, ABD, the light z>BAC 
= the right Z.ADB ; the lB is common to 
l)oth As. 

A« are equiangular, and therefore similar. 

In the same way it can be shown that A s 
ABC, ACD are similar. 

Then, since As ABD, ACD are each equi- 
angular to A ABC, they are equiangular to one 
•'mother, and therefore similar to one another. 

f'orolkm/. Since As ABD, ABC are similar, 

j)B ; ba ; ; ab : BC. 

AB 2 BD . BC. 

Similarly, from As ACD, ABC' we get 
AC- = CD . CB, 
and from As ABD, ACD 

AD- BD . DC. 

Thus, the square on any one of the lines 
terminating at A is equal to the rectangle, con - 
tained by the tuv segments which terminate at 
the other extremity of the line. 

Projection. The foot of the perpendicular 
drawn from a point to a line is called the 
projection of the point on the line. 

If P, Q are the projections of two points A, B 
on the line CD, the segment PQ is called the 
projection of AB on CD. 

Thus, the first two cases of the above 
corollary may be worded as follows : The square 
on either side of a right-angled triangle is equal 
to the rectangle contained by the hypotenuse and 
the projection of that side on the hypotenuse. 

Coni 

Q 


Problems. By the aid of the foregoing 
propositions it is easy to prove the constructions 
given in Geometrical Drawing [page 472] for the 
finding of a fourth, third, and mean proportional 
to given lines. The construction for dividing a 
line, internally or externally, in a given ratio is 
very similar, and should present no difficulty. 

Proposition 6 1 . Theorem 

If tiro rectilinear figures arc similar , they 
can he placed so that the hues joining correspond- 
ing vertices arc concurrent. 

Let AB(’I) and A'B'CTV be similar figures 

Then, since _ B — _ B' 
they can be placed so 
that AB, BC are rospec- 
lively Jf to AT', B'C'. / 

Since the figures are / \ 

equiangular, it follows 2?/\\ 

that CD is to C'D' and A 8 

DA is to D'A'. 

It is then required to prove that the lines 
A A', BB' CC', 1)1)' meet in the same point. 

Proof. Let A A'. BB' meet in (). 

Then, since A'B' is : to AB 



OB' 

: ob : ; 

A'B' : AB 

But 

A'B' 

: ab :: 

B'C' : BC 


OB' 

: ob ; : 

B'C' : BC 

i.e.. 

OB' 

: B'C':: 

ob :bc. 

And l 

OB'C' 

- L OBI 

\ since B'C 

:. As 

OB'C', 

OBC arc 

i similar (P 



_B'< K' 

- L BOC. 

OC' 

, ( >C ar 

e in the s 

a me straigl 


CO' passes through O. 

Similarly. DD' passes through (). 

Proposition 62. Theorem 

If hnt rectilineal figures arc similar , their 
corresponding sides and diagonals are proportional . 

Let ABCi)K, A'B'C'JVF' 

he similar reef iliueal figures. *2 

It is required to prove 
that 

AB : A'B' - AC : A'C' \ £ { 

-= AD : A D', etc. \ \ 

Proof Let the figures !»»• L a< arj 
placed so that AA\ BB', ( ( A G 

etc., meet- in O (Prop. 01). 

Then, OA I OA' - OC *. OC' (since each ratio 

= ob : ob'). 

* A« OAC, OA'C' are similar (Prop. r>8). 

• AC * A'C' =i OA : OA' 

= ab:A'b'. 

Similarly, the ratio AD \ A'D', elc., can he 
’proved - AB A'B'. 

Corollary It follows that : Jf faro rec- 
tilineal jig mas are similar , the triangle formed 
0 by joining any 

three vertices of 
\ Q the one is simi - 

FF 00 ^ / \c j t (ir 1° M ie 

\ / I \c ; an( fi c formed by 

\ j \ joining the Carre- 
's—- J 0 ? 7 — £>/ spending vertices 

A 8 A> B of the c)ther 

For AC 1 A'C' = CD *. C'D' — DA : D'A', since 
each ratio is equal to AB I A'B'. 

the As ACD, A 'C'D' are similar. 

tinned 
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CUTLERY 


The Manufacture of Penknives, Table CuMe-y, Scissors and 
Razors. Forging, Assembli. g, Tempering, Haft ng and Finishing 


By J. H. VINNICOMBE 


"THE genius of the inventor has not yet superseded them together, the next operation is to file the 
* the genius of the cutler. Every day we see scales according to the pattern or shape of the 


machinery a rival to the brain and deft lingers of the 
mechanic ; and modern mechanism has not been 
without its influence in the manufacture of °utlery. 
But the Sheffield cutler who to-day makes pen- 
knives is no more disturbed by thoughts of a 
machine excelling the cunning of his hands than 
was his predecessor of two centuries ago. 

The ambition of every youth is to possess a 
knife. As briefly and as plainly as possible we 
will endeavour to teach him how his knife is made. 
It should be stated that in the cutlery trade there 
is a distinction between the “ penknife ” and the 
“ pocket-knife,” although purchasers frequently 
regard them as different descriptions of the same 
article. A penknife, as the name suggests, is an 
instrument which was originally made for cutting 
“ quill ” pens, an operation necessitating a line- 
cutting edge. A pocket-knife is different, and is 
constructed to meet those tougher objects which 
blunt the blade of the more delicate and finely- 
constructed instrument. 

MaKing a Penknife. The knife which we 
are about to make with the aid of the apprentice 
sitting at the bench is one of the simplest 
patterns, with a single blade. The illustration [1| 

affords some indication r 

of the processes associated 
with the making of the 
blade from t he rough piece 
of steel to its polished 
state, before it reaches the 
jienkniie maker. In front 
of us are the steel blades, 1 
ihe spring, which will go 
at the back of the knife, 
two metal scales, which 
will enclose the blade, 
and two pieces of ivory 
for the covering, or out- 
side scales. Various 

materials are used for j PARTS OF 

the last- mentioned pm a 1‘iwo of rust tvt«**‘l from which bin 
pose, such as pearl, <• m.hxi «.f bu«i.- t.o,*r, mvm 

! ’ ■ ’ li.mlrimitf. thin »-t r. 



scales according to the pattern or shape of the 
knife intended to bo made. To do this we place a 
scale on each side of the steel pattern, put them 
into a vice, and tile away the edges until the proper 
size and shape aio attained. There is not much 
waste, as in giving out the pieces the manager is 
careful to see that they are as near the size of the 
pattern as possible. Having made the scales 
the required size, we take a drill and bore the rivet- 
holes, not much larger than the eyes of some 
needles. Through these will pass the small pins 
fur holding the ivory covering, which w r e match 
to the scales and fasten them together. Now, 
instead of the four pieces of material being separate, 
they are joined so that we have the two coverings 
for each side of the blade — the ivory being outside, 
with the layer of brass as the inside lining. We 
next bore two holes through these two parts, and 
into these the pins will bo inserted to hold the 
spring, which will form the back ot the knife. 

Preparing the Parts. Attention is next, 
devoted to the ivory covering, which we find is 
not the exact shape of the metal lining, so it 
is tiled down until the two are in perfect agree- 
ment according to the pattern. The steel 
spring, which will play such an important part 

in the movement of the 

blade, is, perhaps, not 
quite Hat, so this is 
hammered a little until 
it is level. We next 
mark on the spring the 
two places for the two 
holes to correspond with 
those on the outer cover- 
ing. The necessity for 
accuracy will he appa- 
rent here, otherwise the 
parts will not* tit. The 
holes through the ivory 
and metal scales have 
1. PARTS OF A PENKNIFE been made by the use 

•■I from nhirli Lltuk* in forced . Ik Atpufl of hla»io— IhbL of «l haild drill; to JK’llC- 


nose. such as nearl '• Mmwl of bl.uk tautr, mvoiuI Smithed bludc ready for f flu* it 

. . .. * ’ li.ii'leniiiK. third r. Hardened hl.ul«- /. Temp*iod blade R<m*h } ,,UC TUC StCCl H])l lllg lb 

ivory, tortoiseshell, stag- ground hia»h* with ^-imi tang uud uhouidor h. Polished blade— t\ni*h<>d is- necessary to go to a 
horn, and somet imes J ' F1,e ' 1 0,,t ^ kni,1 ‘ * Jlanl " m, ‘ 1 iuul tru, i" wl ** ri, «* fw k,,if * drilling machine. The 


gold, agate, silver or aluminium, in addition to 
others. It must, be understood that many hands 
are engaged in the making of a knife; the cutler 
iH the man who fits together the different articles 
supplied to him. For every knife made there are 
patterns of the parts, and those which we have 
to follow we keep well in front of us for the pur- 
pose of guidance and for measurement. 

We take the metal scales. At one end of each 
is what may be described as a shviddt r-piice. It 
is fixed to the scale, and will form an important 
part in the knife because it will hold the blade. 
It is known as the bolster. Its edges are a 
little ragged when the scales are received by the 
cutler, and the lirst process is to trim the bolster 
edges,” clipping them with shears. Having fixed 
! wo temporary pins in the metal scales to keep 
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operation is soon completed, and we return t > 
the bench and file the inside of the spring in 
order to make it work smoothly, and cut it 
by means of a proper tool to the pro)>cr length. 
It may be presumed that the intention is to 
make a dozen penknives, because the boy will 
usually work on this number, and not go straight 
through and complete one knife before lie begins 
another. Now we bunch twelve springs together 
and attach them to a wire in order to harden and 
temper them. We first, make them hot in a 
hearth fire, next plunge them into water, and then, 
having dried them, cover them with oil, which is 
made to blaze. This process at an end, the springs 
are brought again to the bench, and one is selected 
which is intended for our knif \ and this is made 
perfectly straight by the use of a hammer. Then 
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wo place it on an emery wheel, which, revolving at 
a great speed, does the glazing and imparts that 
bright appearance to tho inside of the spring which 
may be observed on opening the blades of a knife. 

Hatting the Penknife. After all this 
reparation an important step is taken in the 
uilding up of the knife by placing the spring- 
in its proper position between tho scales. We 
have already referred to the drilling of two holes 
for this purpose, and very little time is required 
to pass German wire through tlic ivory, the metal 
scales, and the spring. The parts are thus pinned 
together. We now see tho handle of the knife 
before us, and the next question naturally relates 
to tho blade. Everyone will have observed the 
bottom portion of the blade by which it is held 
to the handle. This is known as the fang. 
while that part at the top of tho handle which hold* 
the blade and is fixed to the metal scale is known 
as the bolster. We have a pattern for the blade, 
from which is learnt the proper place for the hole 
in order to pin it to the handle. Having roughly 
ground the blade we make another visit to the 
drilling machine and bore a hole through tho tang; 
and now follow's an important operation — it is 
known as squaring the blade joint. Taking our 
blade, we file the joint at the bottom, making it 
agree exactly with the pattern in order that it may 
lit into the bolster. Having burnished the tang, 
and thus removed any roughness on the sides, 
the blade is ready to be fixed to the bolster. 
We have already made the hole, and having put 
the blade into position, we ruu a piece of iron wire 
through it, and the blade is riveted to the handle. 
Tho appearance of the rivet on the holster would 
be regarded as a disfigurement, so it is filed down, 
and the top spread until it becomes a part of tin- 
bolster, and cannot be seen by the eye. 

Finishing Processes. Wo have now 
travelled a good way towards making the pen- 
knife, and tuning got the blade into the handle. 
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Wo move it in order to see whether it is in true 
position. A little filing may be necessary to make 
p work accurately. This is known as joint - 
Ui U the blade . So far as the construction of our 
penknife is concerned, it is now practically com- 
pleted ; but there are a number of processes yet to 


be followed before it has that finished appearance 
which appeals to the eye. We file the back of 
the spring, and afterwards put the back of the knife 
on the emery wheel, and the outside of the spring is 
roughly glazed. Then wo put it on a finer wheel, 
find the operation of fine, glazing is performed. 



3 . MACHINE FORCING TABLE KNIVES 

The exterior of the spring is now getting like ;• 
mirror with the brightness that is being imparted 
to it. The knife is next lixed in a wooden clasp, and 
placed in a vice, so that the ivory handle may be 
tiled and. made smooth prior to the polishing : then 
we tile the bolster, afterwards glazing it as w'e did 
the spring back, first giving it the rough glaze. 
Finishing touches are next given to the ivory by 
rough bulling on the w heel ; all scratches and marks 
are in this way removed. Then we give tho fine 
glaze to the holster, and this is followed by the line 
buffing of the ivory. Various wheels are used for 
these different processes in order to get the desired 
results. Then the knife is placed in the vice, and tie- 
back of tho spring receives its linal shine by bring 
burnished w’ith a steel burnisher. The next process 
is to place the bolster on a polishing wheel, and by 
the use of the proper material the requisite bright- 
ness is given to it. We then wipe the knife to make 
it clean, and our task is completed, (heat care 
is exercised in order that the handle shall not be 
soiled, and the ivory is covered with paper. After 
having been whetted, or sharpened, the oil and dirt 
will be wiped off to prevent rust. 

Large Pocket-Knives. The largo pocket- 
knives, as already indicated, are for rougher 
work than that for which the penknife is designed, 
and in their construction tho delicate treatment 
to which reference has been made is not required. 
In the pocket-knife shop the boy will not be set nt 
first to build up a knife. He will be required to do 
different tasks necessary to tho parts ; it may bo 
to straighten the springs, or drill the holes ; but by 
degrees he learns how r to construct a knife. It is, 
however, in the penknife that the genius of the 
cutler is revealed. Unfortunately, the demand for 
cheap articles has led to inferior articles of cutlery 
being offered for sale. This is really bad for the 
cutler and the customer. 

Table Knives and Forks. Without 
an insight into the manufacture of cutlery it 
is difficult to imagine the number of processes 
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associated with the making of a knife. It lias 
been computed that in the putting together and 
finishing-off of a plain, four-bladed penknife, 
after all the different parts have been made ready 
for the cutler, 154 operations have to be gone 
through. It is now intended to describe the making 



4. HARDENING AMD TEMPERING TABLE KNIVES 

of table cutlery, in which there are different trades 
associated. YY r e may cite three as the chief - namely, 
forging, grinding, and hafting, and at once proceed 
to deal with these, and follow the operations in 
the manufacture of a. tabic knife. 

Forging Table Knives. \Y r e first proceed 
to the forging shop [2J, and there observe the hearth 
lire, anvil, striking tools, and rods of steel placed 
against the walls. Needless to say, the quality of 
the steel is of the first importance. The brightness 
of the blade and the artistic, character of the 
ornamentation of the knife will contribute little 
to (he quality of the cutlery if the steel be poor. 
The steel reaches the forging 
shop in long rods, which hivo 
been rolled to various shapes 
and sizes according to the pur- 
poses for which they will be 
required. 

Proceeding to mnk< able 
knife, the forger will take a 
bar of steel and place the end 
into the hearth fir . YVe 
watch him work the bellows 
with his left hand, while at 
times lie withdraws the steel 
from the hearth. The casual 
spectator would not appreciate 
the judgment required in this 
operation. The skilful forger 
understands exactly when to 
withdraw the steel and place 
it on the anvil. The steel, 
yielding to successive strokes, 
gradually assumes the rough 
shape of the blade, or mood, 
as it is called ill the trade, 
now cut off from the 
steel at the proper 
length according to the size 
of the blade required, the 
forger having a measure o i his anvil as a gauge. 
The blade is then welded to a piece of iron, 
from which the bolster and the tang will he 
produced. In table cutlery the bolster may be 
described as the raised part at the bottom 
of the blade near the handle, while the tang 
is drawn out* and is that portion which is 
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fitted into the handle. It is made by a few 
blows given to the iron as it rests on the 
anvil, the bolster being formed by hammering 
the red-hot iron in a print , which gives the shape 
desired. The blade is then heated a second time. 
On being withdrawn it is hammered more into 
shape, and the “smithing" process takes place, the 
hammering giving toughness and strength to the 
blade. The name and trade mark of the firm are 
then stamped upon it. Figure 3 shows the process 
of machine forging, the machine being a power- 
hammer. 

Hardening and Tempering. ^sow 
follow the important operations of hardening and 
tempering the steel [4J. The blade is raised to a 
cherry-red heat, and on being taken from the tire 
it is plunged into water. It is now hard, but as 
brittle as glass, and would break if it were allowed 
to fall to the ground. Tempering is required, and 
this process demands no little experience and 
judgment on the part of the forger. After being 
made red hot and plunged into the water as already 
described, the blade has a grey-white colour. 
The workman now puts it into the fire again, and 
the blade changes first to straw colour, next to 
mottled brown, and purple, then dark blue, and 
finally light blue. The different degrees of tempering, 
which follow rapidly upon one another, have to he 
closely watched by the forger, who has been taught 
by years of experience to understand the different 
qualities of steel and the point at which a blade 
must he withdrawn from the fire. It may he 
explained that the stage of tempering depends upon 
the article, and the use to which it will he applied 
when finished. For instance, the carving and 
table knives are taken to the light blue hue ; the 
strong pocket-knife, which will be used for some 
rough work probably, to the dark blue ; a fine 
penknife to a point between straw colour and 
brown : and the razor blade, 
which receives the keenest edge 
of all cutlery instruments, is 
withdrawn at the straw coloui. 

Having withdrawn (lie blade 
to he used for the table knife, 
with its light blue tint, from 
the hearth, the forger again 
plunges it into water, and in 
this way proper flexibility is 
imparted to it. At some works 
there is machine as well as 
hand forging of table blades. 
\Y r hen machinery is used, the 
making of the bolster and the 
tang and the hardening and 
tempering are separate pro- 
cesses carried out subse- 
quently. 

Grinding and Polish' 
ing. The forger has now 
completed his task, and the 
blade is ready for the grinder 
[5]. The grinding wheel, or 
hull, as it is usually called in 
Sheffield, makes an interesting 
picture. Speaking is carried 
on only with difficulty amid 
the hum of machinery and the noise of blades 
being applied to quickly -revolving wheels. YY 7 e 
see the grinders sitting astride their “ horses, 
and watch the pyrotechnic display as steel and 
stone come in contact. The grinders are at 
work on different kinds of stones. First wc see 
the blade applied to the rough stone. This runs in 
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a trough with water up to the surface of the stone, 
keening it cool and preventing the heating of the 
blade, which is placed on a flat stick hollowed out 
for the bolster. Bending over the stone, the grinder 
puts sufficient weight on the blade to remove the 
rough surface. It next- receives a finer surface by 
being placed on the “ whitening ” stone, which is 
smoother and harder than that on which the first 
grinding process took place. The blade is next 
rough glazed, and then fine glazed upon n wheel 
dressed with a combination of emery, beeswax, etc. 
By this process the marks left by the grinding stones 
are removed. The final polish is produced by 
“ buffing.” This is obtained by passing the blade 
over a wheel covered with thick leather, dressed 
with superfine flour emerv, with the surface thinly 
covered with beeswax aiu\ suet. The last opera t ion 
being completed, the blade is ready for the buffer, 
who will fit it with a handle. , 

Hafting Table Cutlery. In the huffing 
shop wo see fine drills, small wheels, somewhat 
similar to those which we observed in the pen- 
knife department, and delicate files. xVll Hies* 
are used either for treating t lit* blade or for prepar- 
ing the ivory for the handle. The tang is straight- 
ened, then the bolster is levelled and tiled. The 
glazing of the back of tbe blade and bolster follows, 
after which the bolster is passed over a tine stone 
wheel and the hollow portion is ground. Subse- 
quently this is fine glazed and polished. Attention 
is now devoted to the tang, which is also glazed. 
Then follow various processes associated with the 
preparation of the ivory handle before the tang is 
inserted. There is the turning of the head of the 
handle, the rough and smooth filing of the ivory, 
(ailed flo ting and singh cutting, the drilling of 
the hole into the ivory, a difficult operation re- 
quiring much practice in order that the drill shall 
do its work properly. The handle is then made 
liner by the use of what is called a sharing knife, 
which takes out all the file marks of the single-cut 
file, after which it is rough buffed by being passed 
over a specially prepared wheel, called a xamlbvff', 
which revolves rapidly, and next it is fine buffed. 
The matching of the handle to the blade in order 
to see that it will fit properly follows. Everything 
being in order for inserting the tang, 
resin is taken from a small utensil «- 


width, they are then rolled, one end of the fork 
being required thinner than the other. From these 
strips the forks are cut out by a machine, and 
stamped in steel dies to the particular pattern re- 
quired. The prongs arc next “(lied ” out, after which 
they are made to ultimo a neater appearance by a 
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stamping machine. The fork is then filed and ben I 
into the proper shape, and the article receives the 
impression oi the name of the firm, and the track- 
mark. Having been filed in the rough, the buffing 
process is carried out, and in this work women and 
girls are largely employed, the forks being passed 
over leather wheels dressed with sand and oil. The 
forks are now ready for plating, a process carried 
out in the electroplating department- They 
are afterwards burnished, and then finished on a 
calico “ dolly ” dressed with oil and lime, and sub- 
sequently they receive a brighter appearance from 
a finer “ dolly,” after which they are wiped and 
sent to the warehouse. 

Scissors. The forging opera- 
mm tion in the making of scissors is 


which is kept on a fire, and with 
this the tang is “ cemented ” to 
the handle. Sometimes the tang 
will go right through the handle 
with a rivet at flic end. This is 
called a through -tang knife. Others 
will be pinned at t lie side, and are 
called cdgc-phi nt(1. The handle 
will subsequently undergo another 
buffing process, after which there 
will be the “dollying,” which means 
placing the handle against a rapidly 
revolving wheel made of calico. 
This operation gives to it a shiny 
appearance. The back of the blade 
i s then burnished, after which the 



most important, and it is only after 
years ot experience that a man 
be<omcs a .skilled craftsman. The 
forger of scissors has a shop which 
resetnbkrs closely that of the knife 
forger: but their operations are 
quite dissimilar. The former makes 
the blades, and also the bows, and, 
although in a rough state, the scis- 
sors are complete, so far as shape is 
concerned, when they leave his 
hands. The forger first heats tin* 
end of the bar of steel, and having 
w ithdraw n it from the fire brings his 
hammer into action, and shapes the 
blade, which he severs from tne bar. 


surface is cjrawn over a very fine 7. EMERY CYLINDER FOR leaving sufficient for tbe shank and 
“ buff,” giving it tbe final polish. GRINDING RAZORS the bow. 

It is then “whetted.” wiped, and He will now ■“ set out the shank 

wrapped up for the customer. by a few' strokes of his hammer, and then. 

Making Forks. Tn the making of nickel placing it against the point of a small anvil, 

•diver table forks, which are now so generally punch a small hole, which later he will increase 

used, machinery plays a great part. This can in size for the bow'. The steel is again heated, 

be easily imagined when it is seen that the and the next operation is hammering out the 

fork is formed of one piece of material. The metal blade. This is followed by the setting out of the 

having been cut into strips of the necessary joint, an important part of the work, because thn 
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is where the hole for the screw will be bored, 
and care has to be exercised in making the joint 
m order that the blades may pair harmoniously. 
This having been accomplished, there is next the 
smithing of the blade, which we see gradually 
assume its proper shape under the stroke's of the 
hammer. Once more the steel is returned to the 
fire, and the next movement is towards the forma- 
tion of the bow. Wc have already referred to the 
small hole which has been punched ; by skilfully 
hammering the steel on a tool which the forger 
has on his bench he* increases it to the proper size. 

Making Large Scissors. Ho far we 

have dealt with an ordinary pair of scissors; 
the larger sizes are treated differently in the 
forging process. The large hows are not punched 
in Lhe manner just described. The steel having 
been heated for the blade, or “mood/’ it is welded 
to a piece of iron, which is afterwards draw’ll out, 
and later on, after the smithing of the blade, we 
appreciate the skill of the forger as he curls the iron 
in the shape of a large bow, and uses his hammer 
with such dexterity that it is impossible to see 
where the. bow begins or ends. 1 he scissors, in 


t heir rough state, and not yet put together, are now 
taken to a shop for tiling. Next they go to 
be bored, hardened, and tempered, and then to the 
grinding wheel, where the blades are ground. From 
the grinder they go to be tiled and burnished. The 
scissors are next taken to the “ putter together,” 
as he is known in the trade. He makes the 
screw that will join the blades. The hole into 
which the screw is inserted may be described 
as being of three sizes. It is largest at the top, 
for the head of the screw, which will be level with 
the side of the scissor blade. The middle of the hole 
is smaller, but sufficiently large to allow the screw to 
work freely, while the size of the hole in the under 
bjadc will be only large enough to permit the screw 
to lit tightly. The scissors- maker or “ putter 
together ” has to see that their blades will do their 
work efficiently. With the use of his hammer he 
gives the blades the proper curve. 

Having fitted the screw', he will take it out and 

E ut it oarefdlly into a box, to be used when the 
lades arc finally joined. Each pair of scissors has 
a distinguishing mark, and the scissors-maker will 
know the particular screw wmtod for each when 


a large number of blades are subsequently returned 
to him. When lie has made them fit properly, they 
go again to the grinder, and the blades and shanks 
are put on a finishing wheel, after wdiieli the bows 
are burnished with a burnishing iron, young women 
being frequently employed for the latter opera- 
tion. Now, almost as bright as silver, they are 
returned to the scissors- maker, who puts them 
together [6] with the screw that he has already 
made and satisfies himself that they are perfect. 

Razors. The hollow-ground razor lias grown 
into popularity, and in the production of this 
the grinder plays an important part. IVo quali- 
ties are claimed for this kind of razor. First, 
the hollow-grinding gives an edge so thin and so 
broad that it can be frequently whetted upon 
an oilstone without requiring to be reground; and 
secondly, the thinness tends to the lightness of the 
razor. In the ease of the ordinary flat-ground 
razor, after being whetted a few times, it has to bo 
sent to the grinder again. 

The grinder, having received the blades from the 
forger, proceeds to shape the tang on a dry stone. 
He also gives the point of the razor its proper shape, 
making it either round 
or square. The tangs 
are then put into the 
fire, and after having 
been taken out and 
allowed to cool, they 
are given to the file 
cutter, who makes the 
indentations on the 
underside of the blade. 
This enables a better 
grip to be obtained by 
the person who is 
shaving. 

The grinding pro- 
cesses now' begin. After 
the blade has received 
ail edge, the hollow- 
grinding of the blade 
lengthwise is pro- 
ceeded with. It is 
placed on u stone in 
which have, been cut 
dee}) grooves. Next 
follows the process 
of cross hollow-grinding from back to edge, and 
this w’ork is performed on very small stones [71. 
After this process [8] there is the glazing and the 
polishing of the tang 

Hafting Razors. Proceeding to enclose the 
blade in an ivory handle the hafter will receive 
scales cut to the required length. These he will put 
to a plate, which is his guide as to pattern. By filing 
the edges of the ivory, he secures the proper shape, 
and then, with a fine, single-cut file, he will remove any 
roughness outlie face of the ivory, and afterwards, 
with a shaving knife, take away the marks that arc 
left by the operation. The ivory will next be buffed 
on a leather wheel dressed with bathbrick and oil. 
The scales are now ready to allow the small piece of 
metal to be inserted in the lower part of the handle, 
just above the point of the blade when it is closed. 
This is riveted in, filed, and burnished, after which 
the blade is riveted with wire at the other end. 
The hafting is then complete, and the razor is 
whetted and sharpened on s)>eeial stones. 

The illustrations in this article are from photo- 
graphs of the works of Messrs. Thomas Turner & 
Co., and Messrs. Joseph Rodgers & Sons, Sheffield. 


Continued 
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'THE chief centres of glove-making in England 
* are London, Worcester, Leominster, Wood- 
stock, Yeovil, and Ludlow. Up t ill near the close 
of the nineteenth century the factory system 
took little hold on leather glove manufacture, and 
at Woodstock and Worcester the hand worker 
still keeps a firm grip of the. trade, (llove- 
making by hand is a home industry. The master 
glover of Worcester, for instance, gives out the 
leather and the orders to the workers, who 
take them home, it maybe in a village five or 
six miles away, and then 4 , father, mother, or 
children, make the gloves. When finished, the 
work is brought back to Worcester. At Wood- 
stock, where a special kind of doeskin glove is 
made, the system is differ- 
ent. But glove-making is 
there also a home industry, 
and one may see the tawed 
leather hanging in the back 
gardens ot’ the workers. 

Varieties of Gloves. 

Dress kid gloves are the 
most common form of glove. 

These axe made in many 
colours and of qualities 
ranging in retail value from 
Is. (id. perpair up to 7s. (id., 
or over. The best qualities 
are plain, coming only to 
the wrist, and consist of real 
kid. Lower qualities are 
made to resemble kid, the 
liner class from lambskins, 
and the rest from sheepskins. 

The long-armed gloves 
which came over from 
France in diaries II.’s 
reign have flickered in and 
out of fashion ever since, 
and are made in consider- 
able quantities at all times. 

Hut the lengt h va vies great ly . In general , it m ay 
ho said that there are three lengths — above the 
wrist, up to the elbow, and midway up the biceps, 
fhe extension being generally, though not always, 
regulated by the shortness of the dress sleeve. 

Gauntlets are a form of glove almost cons tan tly 
in demand as riding gloves by ladies. The cuff 
springs out wide at the wrist, and is stiffened 
either by padding or cane facings. They are made 
in all kinds of leathers, but more commonly in the 
heavier classes. Suede gloves are made of skins 
'vith the flesh side outward, giving a soft surface. 

Doeskin gloves aro probably the most durable 
of fine gloves, very pleasant to the hands, and yet 
capable of standing rough woar. Many golfers, 
riders, hunters, and other sports lovers of both 


sexes, find them very useful. The skin of the 
deer, from which real doeskins are made, is at 
once soft and unstretchable ; the form of fhe 
glove is retained through long wear. 

Strong leather gloves are useful to drivers, 
fishers, and other outdoor workers. Gentlemen 
favour the lighter kinds of leather gloves for 
eveiyday wear, the kid glove being too light. 

These are the leading kinds of glove; but we. 
can hardly say that (he catalogue of gloves is 
more than suggested by our selection. Every 
season a new kind catches the public, fancy, or 
fashion leads hack to a style we had thought gone 
out and passed away. Perhaps, however, it is our 
duty to hint that the differences are more appar- 
ent than real and inten- 
tional. For this tho factory 
is chiefly responsible, and 
the factory worker simply 
goes on following tho pat- 
terns. 

Tools and Materials. 

As we have hinted, the 
home workshop bears a 
strong resemblance to the 
factory ; the latter is practi- 
cally the former on a large* 
scale, -with the necessary 
application of power-driven 
! machinery. Some home 
workers arc only glove 
sewers ; but the real glover 
carries through every process 
of the operation, from the 
rough leather to the finished 
glove. He has, therefore, 
washing-tub, dyeing trays, 
staking blocks and tools, 
paring and doling knives, 
and tawing materia is, such as 
we have already described 
in the section on Leather 
Dressing [pages *U(>3-(>|. The tools of the 
handicraft glove sewer arc few and simple. First, 
are the needles, and these are of t lie very lines! 
description, glovers’ needles being of a special 
make. Next is the cutting stamp. Machine 
manufacturers, always on tho alert for new 
trade, have managed to introduce that handy 
appliance, the stamp cutter, into even the 
small workshops, with large saving of time. 
Hand-blocks of various sizes and many models 
are used. The most ingenious block wc have 
ever seen is the mechanically adjustable model, 
which can be made any size at the will of tho 
operator. Sewing clamps are indispensable. 
Unlike the clamps of the saddler and the shoe- 
maker, these damps have very fine teeth, which 
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°lamp the work and afford a series of regular 
channels for the stitches. Here, also, we have 
the ubiquitous sewing machine, now' running the 
hand sewer out of the factory. Besides? we 
use knives, scissors, hand punches, and other 
small tools. Last to be used, but not the least 
important, is the glovers’ press. It is by means 
of this tool the fine shape and gloss are imparted 
to gloves. The wearing quality is not in the 
very slightest degree enhanced, but the buyers’ 
eye is pleased. 

Materials. The threads of the glover are 
composed of silk, cotton, and linen. For the 
highest qualities of gloves, silk is indispensable ; 
heavy gloves are sewn w'ith the linen thread ; 
the most common thread is fine cotton. 

Leather is, of course, the material out of which 
leather gloves are made ; hut under the term 
we find a wide range of materials belonging to 
very different classes. Most of the smaller 
quadrupeds give their skins to the glove-makers ; 
but the material commonly 
used consists of tin; skins of 
kid, goat, rhevrette, reindeer, 
sheep, calf, and colt. The* 
finest and thinnest gloves 
are made from kid skin 
derived from Switzerland 
and the mountainous dis- 
tricts of France, Saxony, and 
A u s t r i a. From S o u t h 
America, also, supplies of 
good kid skins are imported, 
as well as large quantities 
of sheep skins. Sheep and 
lamb skins are imported 
mostly from Russia, South 
Africa, Italy, Spain, Hun- 
gary, and the Balkan 
provinces. 

Linings. Winter glove's 
are lined with various 
matciials. The favourite 
lining is silk, and this must 
be of the best quality. A 
very fine flannel is used for 
men’s and driving gloves. 

Padded, fur-lined, and various other kinds of 
gloves have been introduced for winter wear ; 
but these mentioned are really the staple kinds. 

Trimmings. Of trimmings and fastenings 
the glover has a constant change, fickle fashion 
being the dictator in that department. At one 
time, the cuffs of a dainty gauntlet have to be 
embroidered in brocade style ; at another, silk 
of one colour runs in lines or curves round the 
wrists. The backs of the hands are embroidered 
^ plain, in accordance Avith the fancy. 

1 Fastenings. In fastenings, too, the 
fashions vary amazingly. Plain pearl buttons, 
embossed gilt, enamelled, or glass buttons, 
alternately gain favour. Patent spring catches 
of ingenious character are brought in every 
season for winter gloves. Some very pretty 
devices have been introduced for lacing gloves. 
Lacing books, set with pearls, turquoise, blood- 
stones, and other precious materials, have come 
and gone into and out of fashion, with silk, gold, 
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hair, and chain laces. But for these the glove? 
has to keep his eyes open and his inventive 
faculty alive. A new fastener of novel design 
will sometimes do more to make a business 
success than any degree of industry. 

Leather Preparing. The appliances 
and methods of the home worker are various, 
and frequently primitive, though the product 
is generally of the finest class. Tn the factory 
a more uniform system obtains and may be 
more easily observed. First, the skins an* brought 
to the sorter, whose business it is to classify 
the skins according to quality. Sorting demands 
high skill and great care, especially in these 
days of clever sophistication. Having been 
sorted, t he skins are washed [2 1 ]. Soaked in t ubs 
of tepid water, the skins are brought into a soft 
condition. As yet, the dollying tub has not 
been brought into the glove factory, and the 
driving out of the dirt and grease is still per- 
formed by the tramping feet of men, who get 
into the tubs and tread 
the leather. This operation 
is illustrated from Messrs. 
Dent, Allcroft, & (Ws fa**- 
torv, to which tirm we an* 
indebted for the illustrations 
of this section. 

In the washing operation, 
a considerable proportion of 
the egg yolk and flour 
dressing has been taken out, 
and a new dressing must 
be applied if the leather is 
to retain its softness and 
flexibility. The egg-yolks are 
made into a paste with flour, 
Avater, and a little alum, 
the dressing being thor- 
oughly Avorked into the 
body of the leather. 

Dyeing and Staining. 
(Hove leather may be dyed 
or stained by three or four 
different methods. We may 
choose to stain one side by 
brushing, plunge the whole 
skin into the dye-bath and colour both sides, or 
Ave may wait till the gloves are made and stain 
them in the finishing process. The two first 
methods belong to the department of leather 
preparation, and naturally come under observation 
here. 

Vegetable dyes are used. The dye having 
been mode ready, the skins are stretched out on 
a leaden table [22], and brushed over with a mor- 
dant, generally a simple alkaloid, to make the 
colour lie. Then the die is brushed on, coating 
after coating being applied till the required 
depth of shade has been obtained. Next, a 
fixer, or striker, is put on, iron liquor being 
commonly used for tan afid dark shades. Rinsed 
in w’ater, the skin is then hung up in the hot 
stove to dry. 

One side only of the leather is dyed by the 
brushing process, the aim being to keep the 
. inner side of the glove white. 

When both sides are to be coloured, th? 



22. LEATHER STAINING 


LEATHER 


plunging method is used. The skins are simply 
immersed in the dyeing liquor, and worked 
through till the material has been thoroughly 
impregnated with the colour. Otherwise, there 
is little difference in the two operations. 

Open air drying is preferred 
by the glovers who work at 
home ; but the factory drying 
is done in a largo stove in 
which a current of air is 
constantly kept going l>v 
power-driven fans. 

Staking and Paring. 

Drying has caused the skins to 
harden and wrinkle. Softened 
a little with damp sawdust, tie* 
skins are broken over the stak- 
ing knife — a blunt, semi-circu- 
lar-blade fixed on the bench. 

Staking smooths the grain 
side ; but the flesh side of the 
skins is rough. Fixing the 
skin flesh side upward, the 
worker takes a “ moon -knife,” 
so called from its shape*, and 
carefully part's away the rough 
parts. This is dedicate work, 
for the knife is keen and the 
skin is thin. 

Doling and Sorting. 

Doling is a shaving oper- 
ation, applied only to the highest class of tine 
kid skins, baying the skin, flesh side upward, 
on a slab of marble, the operator shaves the 
leather with a Hat blade shaped like a broad 
chisel, producing a smooth, hard surface. 

Some defects in the skins may have been 
brought into evidence during 
tile- foregoing operations, anil 
they are carefully inspected 
again, and finally classed for 
glove-making. 

Cutting Gloves. A glove 
seems a thing easy to cut till 
you try it. Like a great many 
acts of craftsmanship, it is 
simple to describe and very 
difficult to do. A side of 
leather is first cut into pieces 
the size required — that is, 
double the breadth and a 
little more than the length of 
the glove to be made. Double 
over a pair of the pieces, 
folding the one from left to 
right, and the other from 
right to left, leaving a margin 
on the under half. The part 
lying undermost is the back 
of tlie glove, and is made 
larger than the front. Divide 
the top part of the doubled 
leather into four, the length 
of the fingers, with three straight cuts. Open 
out the front, so that it lies fiat on the board, 
a-nd cut from the edge of the fold outward a 
slightly oval circle. The hole is the thumb 
socket, and the three cuts have made the fronts 


and backs of the four fingers of the glove. 
Gussets are required for both sides of flic 
second and third fingers, and one side of the 
first and fourth ; and the thumb of the glove 
must also be cut out. Make sure that the colour 
and texture of the leather 
is exactly the same as the 
body of the glove, and cut (o 
size. 

By a slightly different 
method of operation, after 
being assorted as to quality 
and size, the skins are trans- 
ferred to the cutter, who cuts 
them into oblong pieces of 
the size required, which are 
turned over to the puncher 
1 23], who takes two or three 
pairs at a time, and subjects 
them to the action of a press 
carrying a punch corre- 
sponding to the size of the 
gloves to be mode, which forms 
the hand, with all the 
necessary slits, openings and 
button-holes. The thumbs 
and fourchettvs . or piece's 
between the fingers, are 
punched separately. 

There are ten different 
sizes, from 5} to 8, for ladies’ 
gloves; thirteen, from 7J to 11, foi gentle- 
men’s ; and seven, from 5 to C>.\ for misses. Each 
of these sizes has a corresponding plate which 
serves as guide t o the cutter. • 

Pointing. On the backs of gloves, various 
forms of ornamental sewing, or tambouring, are 
wrought. Pointing, as the 
operat ion is technically named, 
is generally done by hand on 
the Iwka, before the gloves 
are sewn. Plain lines of 
stitching are sometimes pre- 
ferred by fashion, and these 
are put in either by hand or by 
machine. Heavier patterns 
are tamboured. First, the 
holes are stamped in the 
backs with a mallet and 
point called a preen. Then 
another worker, sitting at a 
frame [25], works the threads 
into the patterns with a 
crochet hook. A sewing- 
machine has been invented 
which imitates the hand 
tambouring. 

Sewing, Glove-makers 
speak of three kinds of sewing 
1 24*] : roundseam, prickscam, 
and pique. Roundseam is the 
oldest and highest kind of 
work. By this method the 
glove pieces are put together and sewn over the 
outside edges, forming the round cord familirr to 
glove wearers. Prickseam is the coarsest and 
strongest sewing. The two edges of leather are 
laid together, and a narrow seam made along the 
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side, the double edge standing out from the glove. 
Pique is neater though not so strong, the one 
edge being placed under the other, and only one 
ply of leather showing. 

Sewing. First in point of time, and yet first 
for excellence, the hand method [24] of roundseam 
is worthy of primary attention. Here comes in 
our sewing clamp, or “ donkey *’ frame. Adjust 
the pieces to be sewn neatly together, and 
with the foot press the clamp, and with needle 
and thread begin to stitch. In the clamp are 
very fine teeth, numbering twelve to the inch, 
and it is between these teeth the needle passes 
every stitch. Pass the needle through one side 
and bring it out at the other, making the little 
ridge to be seen on all fine gloves. The work is 
tedious and trying, but practice makes even diffi- 
cult things easy. Two points are especially impor- 
tant in the making of a glove -the insertion of 
the gussets and the sewing in of the thumbs. If the 
gussets are uneven, the work is spoiled ; if the 
thumb sits badly, no amount 
of blocking will put it right. 

Another very vital part of 
the glove is the finger-tip. 

Badly -sewn gloves first begin 
to show their weakness there. 

Before the sewing machine 
was brought to its present 
state of perfection no one 
could make a glove wholly 
by machine -at least, not a 
glove that would stand 
comparison with a hand-made 
glove. Now, Jiowever, t ho 
machine-made glove is practi- 
cally unrecognisable fiom the 
product of the hand. Some of 
the cheaper classes are not 
put out to compete with the 
high-class glove, and they 
are seamed in a style that 
condemns them at once, 
generally priekseam, which is 
suited best' for heavy gloves. 

No glover has an v reason 
fear the competition of that 
quality of glove. But the makers of machines, 
like persistent suitors, would not he denied, 
and persevered, till a sewing machine was made 
that could sew gloves in exact imitation of the 
hand-sewing. These machines are now in use 
in all the best factories, and require no special 
skill to work them. The machinist puts the 
pieces together, and the machine does the rest. 
A difference between the hand-made and the 
machine-made glove can, of course, be observed, 
a ml it tells in the wear ; but the a verage purchaser 
lVist rely on the good faith of the man who sells. 

The varieties of glove mentioned are not all 
sewn or put together in the same way. Even 


gloves of the same pattern may be constructed 
differently. Some kid gloves have Bmall diamond 
gussets set in to allow for the expansion of the 
fingers, and others have not. Those smaller 
gussets undoubtedly assist in fitting the glove 
to the flexure of the hand, and take the strain 
of movement off the fingers. 

Long-armed and lined gloves present no great 
technical difficulties. The cutting of the long- 
armed glove is the main part ; the sewing is 
plain and easy. Lining is cut to the same size as 
the body of the glove, and sewn in with the 
gussets. The lining of the fingers is simply back 
and front. 

Buttonholing and hemming are points that 
must be skilfully done on good gloves. The 
buttonholing is simply the crossover stitch 
common to all buttonhole's ; hut the hemming 
of the edge and the sides of the glove is a delicate 
operation. No stiteli must appear on the outside 
of the glove ; every stitch catches the inner 
skin and holds by it alone. 

Dyeing and Finishing. 
Pine kid gloves are coloured 
on one side only, for obvious 
reasons. Jf not stained in 
the skin, the glove must he 
coloured in the finishing. 

After the work of sewing 
has been completed, the glove 
is blocked — that is, drawn on 
a wooden block of its size. 
Carefully fixed, so that not a 
crease or wrinkle appears, the 
glove is painted over with the 
colour, and left to dry. The 
first coat is absorbed by the 
leather, which appears almost 
as white as before. A 
second coat is applied, and 
a, third. Now we have a 
solid colour; but it is dull 
and hard. 

The stained glove is gone 
over with the polishing bone 
— a rounded piece of hard 
hone or ivory, which is rubbed 
on the surface. It lifts olT every vestige of 
superfluous colour and jives the leather a fine, 
smooth surface. 

In the factory we have a different and 
quicker method. The dyed gloves are pressed 
at moderate heat and polished in a few moments. 

Now the gloves arc looking fairly well, but a 
finishing touch is yet required. Left in that 
condition, the gloss would leave them after a 
single day's wear. To fix the gloss, and add a 
smooth skin, the white of egg is applied with 
scrupulous care to the whole surface of the 
leather. When thoroughly dry, we press the 
gloves, and they are ready for the market. 


Continued 
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IRRIGATION may bo defined as the application 
* of water to the purposes of agriculture, 
cither naturally or artificially. The former is 
dependent upon the rain and the flooding of 
the land in times of the maximum discharge 
of rivers. The latter is effected by means of 
canals and tanks, sometimes supplemented by 
pumping. 

There arc two systems of irrigation — basin 
irrigation and perennial irrigation. The basin 
system consists in turning the waters of the 
rivers on to the land in flood time. In Egypt, 
the land is divided up into large areas called 
basins, and the water is allowed to remain on 
them at an average depth of about 5 ft., for 
about- forty days, and it. deposits the silt which 
the water contains, after which it is drained info 
the river. With perennial irrigation, the land 
is watered all the, year. 

Irrigation in Foreign Countries. The 

storage of water for irrigation purposes has 
received more attention abroad than in this 
country. This is mainly due to tin? fact that in 
countries like Egypt and India there are very 
long periods without any rainfall. Egypt, in 
fact, is a country which is practically without 
rain, the rainfall in Cairo being on the average 
only about H inches per annum, so that it- is 
dependent entirely on the River Nile for its 
supply of water. In this country, however, 
although the rainfall is more or less capricious, 
there is, as a rule, sufficient during the year to 
enable agricultural operations to be carried on 
without the aid of artificial irrigation, although 
some soils are benefited by irrigation. Practical 
irrigation in this country is confined to damming 
up streams so that the water flows up ditches and 
floods the adjoining land. 

Irrigation in Egypt and India. For 
irrigation works of great magnitude, India 
and Egypt afford some of the finest examples. 
Some idea of the magnitude of these works 
may be obtained when it is stated that in 
H)01 the area irrigated in India from Govern- 
ment canals was 20 million acres, and the 
total length of main canals was 13,000 miles, 
with 31,000 miles of distributors. In Egypt, 
the construction of the “ barrages ” a few 
miles to the north of Cairo, and in more recent 
years the dam at Assuan, serve as examples 
and will be explained later. Tn India, many 
storage reservoirs have been constructed for 
irrigation purposes under the Public Works 
Department. Some of these are made with 
concrete or masonry dams, but the majority are 
made with dams of earthwork, the material 
being brought from the neighbouring country 
and consolidated by the native labourers, who 
bring the materials in small baskets on their 


heads, and also by the employment of elephants 
to tread in and consolidate the mass. Some of 
the finest works in the world are made in this 
manner. In storing enormous volumes of water 
thus dealt with, one of the* most important parts 
of the work consists in providing for the escape 
of the excess water when the basins or reservoirs 
are full. 

Natural Irrigation. All rivers in times 
of flood carry a great deal of matter in sus- 
pension, generally a mixture of alluvial matter 
and sand. Tn the upper reaches, the velocity 
is generally sufficient to carry this forward, 
hut when the river readies the valleys this 
suspended matter tends to get- deposited, and 
so the bed of the river is raised above? that 
of the surrounding country, thus facilitating 
irrigation. The rivers in flood time carrying 
vast quantities of this suspended matter, or silt, 
overflow their banks and deposit the silt on the 
surrounding land. The fertilising properties of 
this deposit are great, and after the deposit has 
taken place, the water is run off the land and 
the crops are sown on it. 

On the River Nile? in the old days, banks were 
formed along each side of the river above flood 
level. At right angles to them other hanks wore 
carried dividing the land up. Oanals w'ere cut 
into the river banks during low water ; in times 
of flood the water was carried on to the land by 
this means, and the suspended matter deposited 
then*. At the end of the flood the water 
drained off and the crops were sown on the 
deposited mud. By this system only one crop 
could be raised each year. 

Artificial Irrigation. On the other 
hand, in the upper reaches of the rivers, the 
banks are usually higher than the river bed, 
so that in order to irrigate them (as in 
Northern India) it is necessary to tap the river 
in the higher reaches to obtain enough head to 
command the high levels. The usual method 
of conveying the water to the? land is by means 
of canals, and they may he divided into two 
classes — either for irrigation pure and simple, or 
combined with navigation, to enable the produce 
of the land to be transported. In designing 
canals care must be taken to note the geological 
formation of the country through which the 
canals have to pass, in order to determine their 
proper slope to prevent scouring the beds. When 
the stratum is hard, the slope, of course, is 
immaterial as far as scour is concerned. When, 
however, navigation is combined with irrigation, 
the slope is material, in order to get as small a 
velocity as is consistent with the successful 
carrying forward of the silt, which would other- 
wise deposit and fill up the channel. Also, if 
the channel is to be navigable, a certain minimum 
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depth must- be allowed for, which is deducted 
from the quantity required for irrigation pur- 
poses. The calculations for arriving at the size 
of the channel may be made with the formula 
already given in considering the discharge of 
rivers. The coefficient N in Kutt-er’s formula 
is generally taken as 0 025 for this class of work. 
It has been found, however, that in some canals 
in India, which had silted, and by this means 
adjusted themselves into the best form of 
channel for their particular condition, a discharge 
of from 20 per cent, to 25 per cent, in excess of 
that given by the formula had been obtained. 

With regard to the minimum velocity to 
prevent the deposition of silt in Egypt it was 
found that when the velocity was less than 
l '8 ft. per second it would occur. With regard 
to the maximum velocity (as previously stated), 
it must depend to some extent on the nature of 
the bed and hanks. In India, 3 ft. a second lias 
been considered to be a safe maximum velocity. 
When possible, in constructing the (’anal, the 
excavated material should closely approximate 
to the amount necessary for the banks, and 
this would be the most favourable condition 
of affairs. Also, when curves have to lx* resorted 
to, they must be very flat, in order to prevent 
bank erosion. 

Irrigation in Steep Country. When 
the slope of the country is steep, falls have to 
bn resorted to in order to keep the gradient 
within limits. In this ease the velocity is greatly 
increased, and is consequently felt for a con- 
siderable wav up the canal. It then becomes 
necessary to protect- the beds and banks. and to 
make them of such material as will resist this 
increased velocity. The simplest canals in India 
are called i n u tula f ion canals. Cuts arc made from 
the rivers inland, and are generally run parallel 
to the fall of the country or river course, the land 
being watered when the river is in flood. A 
permanent supply for canals is generally a river 
carrying a perennial stream, the head of the 
canal being located high up on its course, so 
that the water is more or less free from deposits. 

This is known as perennial irrigation, as the 
land receives water all the year round. The 
quantity of water required depends on the area 
to bo irrigated and the nature of the crops. 
In Upper India 1 cubic ft. per second has been 
found sufficient to raise food crops on 200 acres. 
This, however, varies, as is shown by the following 
data. On the Eastern Jumna Canal, which lias 
given sonic of the best results in Northern India, 
the average depth has seldom been less than 
2 ft. 6 in., which would mean about 1 cubic ft. 
per annum for 300 acres. On the Ganges 
il has been about- the Rame, and on the Agra 
Canal the average was 5 ft. (> in. in one year, 
whereas in the year following it was 4 ft. (5 in., 
while it exceeded 0 ft. and 7 ft. on some of the 
tributaries. 

In Southern California, for grape crops and 
fruits of that class, 1 cubic ft. per second will 
irrigate 500 acres. In Lower Egypt the year is 
divided into three seasons — s6fi, or summer, 
nili, or flood, and chitaw i, or w inter. 
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The summer crops are cotton, rice, sugar-cane, 
melons and cucumbers. In the flood season 
maize is grown, w r hich is the staple food of the 
agricultural population. During winter the 
crops are wheat, barley, beans, and clover. 
Many thousands of water-wheels and engines of 
various kinds are brought into use for irrigation 
purposes. The summer crop is the most difficult 
and expensive to raise, and is irrigated from 
summer canals, which are supplemented in floods 
by shallow canals that are used only at that- 
time. 

To assist summer irrigation barrages have been 
constructed at the head of the delta to maintain 
a higher water-level. The position of these 
barrages is at a point slightly to the north of 
Cairo, where the Nile divides into two branches, 
know'll as the Rosetta and Damictta. The 
Rosetta barrage is 1,437 ft., and the IXimiett-a 
1,701) ft. These are open dams, built across 
the streams, provided with regulating gates, 
which are lowered into position by means of 
chains attached to the gates and worked by 
crabs. 

Assuan Dam. More recently the great 
work at Assuan, which is familiar to every- 
one, lias been completed, and will be referred 
to only briefly. This great dam creates a vast 
reservoir which supplements the discharge of the 
Nile during the summer months, and is estimated 
to hold 37,0 12,000,000 cubic ft., and gives a 
better supply of water in summer than was 
available before its construct ion. 

The problem which had to be solved was how 
to deal with the vast quantities of silt which are 
brought down by the river in Hood, and which 
would have ultimately tilled up the reservoir. 
This was got over by providing the dam (whose* 
length is about 1 \ miles), with sluices at various 
levels of sufficient capacity to discharge the 
whole* of the waters in time of Hood. These are 
left open until the water has got sufficiently 
clear, when they are gradually closed, and the 
water is then stored. 

Indian river weirs are different to the barrages 
on the Nile, being formed by a solid wall right 
across the river, pierced by sluices. The barrages 
in Egypt, which have been mentioned, consist of 
platforms which are laid across the river, and 
on which piers are raised and arches thrown 
over, so that the flood can pass through at its 
highest level, thus preventing deposits. 

Canals. Canals provide the means for trans- 
porting goods by boats and barges through 
inland districts, or of connecting up rivers, and 
thus opening out great lengths of waterways, as 
in Russia, Prance, and other countries. An 
instance of this is the canal joining the Obi 
and Yenesi rivers in Siberia, which opens up a 
waterway of over 3,000 miles by a canal about 
five miles in length. Since the development of 
railways in this country, canals have to a great 
extent been superseded, although those of the 
Aire and Calder and the Weaver are exceptions. 
Many years ago the writer converted the Gwen- 
draetli Valley Canal in Carmarthenshire into a 
railway. This was used for bringing anthracite 
coal from the collieries in that district to Burry 
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Port for shipment, and for transport by the Great 
Western Railway, which passes through this 
district. 

Another reason why canals have not succeeded 

. in fulfilling 
their object 

purpose is the 
want of uni- 
formity of 
gauge of the 
various canals 
and locks. 
This was de- 
monstrated in 
a paper re- 
cently read before the Institution of Civil 
Engineers by Mr. A. J. Sauer, who exhibited 
sections of various canals and locks [13], which 
thoroughly illustrate this point. 

He also suggested that a standard should be 
adopted of the form illustrated in 14. The 



13. SECTIONS FOR CANALS 
AND LOCKS 
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14. STANDARD FORMS OF CANAL AND LOCK 
SECTIONS 

lock should he 230 ft. in length, as this would 
accommodate eight of the ordinary narrow boats 
of 7 ft. in width, with the tug for towing them. 

As a canal is essentially a still waterway, 
it is generally more or less tortuous in its course, 
in order to follow the contour of the country, 
and to saw great changes in level. When these 
changes of level, however, are unavoidable, 
locks, lifts, or inclined planes have to be resorted 
fo. When locks are used — and this is the most 
general way — if the fall is considerable, t he change 
of level is effected by what are termed flight# 
of Jock#, being a series of locks at different 
levels. Where the strata is permeable, it becomes 
necessary to provide some form of lining to 
prevent leakage, a very common plan being to 
q use clay puddle, 

, i ^ although con- 

i | 1 

Crete has boon 
employed. Figure 
15 shows two 
typical forms of 
canals, the lower 
fi g u r c b e i n g 
lined with puddle across the whole section, 
while the upper one has only a vertical puddle 
wall, which is usually made about 3 ft. thick, 
and which is always necessary. Professor 
Rankinc gives the following examples of the 
extreme and ordinary dimensions of canals. 


15. 


METHOD OF PREVENTING 
LEAKAGE IN CANALS 


- 

lireiulth at 
Ixittoin iw 

1 foot. 

Hreadth at 
top wat' v in 

1 f«*t. 

JX-ptll of 
water in 
feet. 

Small canal 

12 

i 24 

4 

Ordinary canal . . 

! 25 

I 40 

5 

Large canal 

! 50 

no 

20 


The inland canals in this country afford, as a 
r ule, sufficient depth only for barges drawing from 


3 ft. to 5 ft. of waf er, and the locks provide for 
boats about 70 ft. in length, and 7 ft. to 15 ft. 
in width. In the cune of the Aire and Oalder 
and Weaver canals, these figures have been greatly 
exceeded, as the following will show'. The 
maximum size of vessels in the former is 120 ft. 
x 17 ft. with a draught of 7 ft. G in., and in the 
latter 120 ft. x 25 ft. with a draught of 10 ft. G in. 
The general width of a canal should l>e suffi- 
cient to allow # t wo boats to pass one another, 
and the depth and sectional area of waterway 
should be sufficient to cause no increase of the 
resistance to the motion of the boat other than 
that due to the water. 

Requirements of Canals. The follow- 
ing rules generally satisfy the above : 

1. The least breadth at the bottom to be twice 
the greatest breadth of the boat. 

2. The least area of waterway to he six times 
the greatest midship section of the boat. 

3. The bottom of the waterway to he flat, 
and the sides, when of earth, to be not steeper 
than U to 1 ; when of masonry, they may he 
vertical, but the canal should have about 2 ft. 
extra width at the bottom. 

4. The least depth of waterway should he 1 A ft. 
greater than the greatest draught of boat. 

A towing-path should he provided at. one side 
of the canal, usually about 12 ft. in width at the 
top, and about 2 ft . above the water-level, and 
should he made to slope away from the canal, 
in order to give a better foothold for the horses. 

It is necessary to protect the sides of the canal 
about the water-line on account of the wash, 
usually about 1 ft. above and 1 ft. below' the 

w r ater -line. 
Tli is can be 
accomplish e d 
either by 
pitching, or 
by fascines 

16. FOSS DYKE CXNALTOW PATH <>t»«rush WOOcL 

Figure 16 

shows the method that was adopted at the Foss 
Dyke Canal, as well as the method of draining 
the tow’path. 

The amount of water required for canal 
purposes can he estimated as follows: Waste 
of water by leakage of the channel, repairs, and 
evaporation, equals the area of the surface of the 
canal multiplied by J of a ft. nearly. Current 
from the higher towards the lower reaches, pro- 
duced by leakage at the lock gates, repiesents 
from 10,000 tc 20.000 cubic ft. per day, in 
ordinary eases. For the expenditure of water in 
passing boats from one level to another, let 
L denote a lockful of water — that is, the volume 
contained in a lock chamber, between the upper 
and lower water-levels— and B the volume dis- 
placed by a boat. Then the volumes of water 
discharged from the upper pond, at a lock or a 
flight of locks, under various circumstances are 
as shown in the table on next page. The minus 
sign prefixed to a quantity of water denotes 
that it is displaced from the lock into the 
upper pond. 

Canal Locks. Rankine has deduced from 
these figures that single locks are more favourable 

5485 





CIVIL VNQINHRINQ 


or large tidal river, and a seaport, as, for instance, 
the Manchester Ship Canal, or by cutting across 
land to connect two seas, and thus to provide 
a shorter course for sea-going vessels, as, for 
instance, the Suez Canal, which connects the* 
Mediterranean and the Red Sea by a canal 
about 100 miles in length. Narrow necks of 
low-lying land, intersected by lakes or rivers, 
afford the best places for constructing ship 
canals. Ship canals may be divided into four 
classes, as follows : 

1. Canals which, in joining up two seas, tra- 
verse high districts involving locks on both sides 
of the summit, as, for instance, the Caledonian 
Canal. 

to economy of water than flights ot locks ; 2. Canals which pass through low-lying dis- 

that at a single lock single boats ascending districts, as in Holland, with locks only at the 
and descending alternately cause less expendi- extremities to hold up the water in the canal, 

tiire of water than equal numbers of boats in at times of low tide, and to prevent the sea 

trains ; and that, ‘on the other hand, at a flight entering at high water. 

of locks, boats in trains cause less expenditure ,*]. Canals joining up two seas without the 
of water than equal numbers of boats ascend- intervention of locks, as the Suez Canal, 
ing and descending alternately. For this 4. Canals providing a direct route from an 
reason, when a long flight of loeks is un- inland town to the sea, of which the Manchester 
avoidable, it is usual to make it double — that (’anal is an example. 

is, to have two similar flights side by side. The scope of the present article will enable 
one for ascending boats, and the other for the writer to deal only briefly with each of these 
descending boats. Water' may be saved at types of canals. He will therefore confine 
flights of looks by the aid of side ponds himself to a brief description of one of each 

or lateral reservoirs. The use of a side pond class. 

is to keep for future use a certain portion of the High Lock Ship Canals, in ship canals 
water that is discharged from a lock, when the of the first, kind— namely, those that have to 
locks below it. in the flight arc full, which water attain an elevation by means of locks, before 
would be wholly discharged into the lower reach, descending by similar means— we have the 
Let a be the horizontal area of a lock chamber, Languedoc Canal in France and the Caledonian 
A that of its side pond ; then the volume of water Canal in Scotland. The latter, although of 
so saved is very old construction, is, however, typical of 

LA ' a). this class. It serves the purpose of connect - 

A substitute for flights of looks is the hydraulic ing the cast and west coasts of Scotland, 
lift. One of these was adopted to connect the through a series of fresh -wti ter lakes — namely. 
Weaver with the Trent and Mersey Canal at Lochs Ness, Oich, and Ix>chy. The total length 
Andcrton, the difference of level being 50 ft. of the canal is about 60 miles, of which about 
It A\a: capable of raising eight barges up and *2)1 is artificial, tho remainder being through the 
down in an hour, but the cost of such lifts lakes. The artificial portion was made 120 ft. 
is very great . wide at the water level, 50 ft. w idc at the bottom. 

The canal must have a regular supply of water and 20 ft. deep. Regulating locks are provided 
to compensate for losses due to leakage, evapora- between the lakes, and sea locks at the entrance 
tion, and the water used in the loeks. This at both ends. The total rise to Ix)ch Oich, 
supply may bo obtained from rivers, lakes, or which is tho summit, is about 100 ft. and is 
springs, and must be sufficient to tide over accomplished (beginning at the eastern side) 
times of extreme drought. In some eases the with a flight of four locks to Loch Ness, and 
supply is obtained from artificial reservoirs, a further seven, including one flight of five, to 
constructed in the upper reaches of the stream Loch Oich. From there it descends by two 
supplying the canal, and providing a storage lochs to- Loch Lochy, and then by a flight 
in flood time for use during dry weather. of eight, and a further two locks, it enters 

Ship Canals. The chief difference lietween the tidal look at the western extremity. The 
ship canals and ordinary inland canals is in their loeks are about 180 ft. long, by 40 ft. wide, 
sjae, as tho former have to accommodate large sea- with 8 ft. rise. 

going vessels. On account of their size and depth End Lock Ship Canals. Of the second 
they are able to be carried only through country class — namely, those which pass through low - 
w here there is not muclx. change of level, partly on lying districts and connect tw r o seas — the 
account of the quantity of excavation involved, canals of Holland arc examples, as, for instance, 
and partly owing to the necessity of providing the Amsterdam Canal. They have locks at 
locks, with the attendant cost of construction, their entrances to provide for tho variation 
and the delay caused to the passage of ships of tide levels, and are dependent for their 
through the canal. The object of ship canals w r ater chiefly on the sea. The water-level 
may bo either to provide a connection between is approximately the same throughout, being 
Jarge *own at a short distance from the sea regulated by sluices or locks. 
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Lockless Canals. An illustration of 
canals of the third class — namely, for the 
connection of two seas without the interven- 
tion of locks — is the Suez Canal, which connects 
the Mediterranean and Red Seas. The total 


is 120 ft., and this is increased to 170 ft. 
at the Manchester end. Figure 18 shows sections 
of the canal as carried out, and the methods 
adopted for protecting the hanks under varying 
conditions. Another feature of the canal is 


length of the canal is 100 miles. Figure 17 carrying the old Bridgwater canal across it on 
shows cross sections at various points. These an aqueduct which enables barges to pass over, 
are taken from 


a paper by Sir 
Charles Hartley, 
and published 
in the “Proceed- 
ings of the In- 
stitution of Civil 

Engineers.” In 
the figures the 
cross section in 
dotted lines 
shows the form 
of the Canal in 
189th and the 
full lines that 
of the proposed 
ultimate shape. 
T he rout c 
chosen for the 
canal passed 
through four de- 
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17. SECTIONS OK SUEZ CANAL 


pressions below sea-level, which arc consequently 
converted into extensive lakes, with an aggre- 
gate length of 27 miles. At the same time 
it was necessary to excavate a certain amount, 
of the whole course, with the exception of 
some eight miles where the natural depth was 
greater than that of the channel. 

Manchester Ship Canal. The Man- 
chester Ship Canal is the example taken for 
illustrating how an inland town may be served 
by a canal for the purposes of improving 
or providing a route to the sea. The length 
of the canal is 35 J miles, and this connects 
.Manchester with the Mersey, and also opens 
up the communications with Liverpool. The 
canal enters the River Mersey at East ham, about 
six miles above Liverpool, by means of three 
locks parallel to one another, and of the following 
dimensions, 600 ft. by 80 ft., 350 ft. by 50 ft., 
and 150 ft,, by 30ft. Those locks maintain a 
depth of 26 ft. in the canal, subject to certain 
increases in the tide levels. When extra high 
tides are experienced, the excess water entering 
the canal is returned to the river through sluices 
provided higher up the canal. From this it 
will be seen that the lirst part of the canal 
:s semi-tidal, and this is so for the first 21 
miles. The locks at Eastham are opened at high 
tide, and the canal is, therefore, an open cut 
to the sea. The total rise of the canal above 
ordinary water-level in the tidal portion is 
90 ft. 6 in., and is accomplished by locks in 
four changes of level, the locks being of two 
sizes, side by side, and of the following dimensions, 
900 ft. by 65 ft., and 350 ft, by 45 ft. The 
minimum width of the canal at the bottom 


The limited 
water supply 
of the old 
canal, the loss 
of water and 
the time that 
\v o u 1 d have 
occurred if two 
sets of locks 
had been con- 
st rue ted to 
enable barges 
to cross the 
ship canal on 
its level, as well 
as the incon- 
v e n i e n c o to 
vessels using 
the larger canal, 
ni ado it a d- 
visable to adopt 


a movable aqueduct, which was a convenient 
way of dealing with the crossing of two canals. 
This was practically an iron trough tilled with 
water, resting on a central pivot, and re- 
volving like a swing bridge, leaving a passage 
on each side for vessels to pass along the 
canal. At other times it was closed, enabling 
the Bridgwater Canal vessels to pass over. 
The new aqueduct has two movable spans 
90 ft. each, with a waterway 19 ft. wide and 
6 ft. in depth. It works on a central pier 
400 ft. long 
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and 50 ft. 
wide, which 
carries also 
the adjacent 
road bridge. 

The pier is 
mainly built 
o f c e m c n t 
concro t, e , 
with brick- 
work and granite in the part that takes the 
weight of tlu* aqueduct (1,400 tons) including 
the water which is always in the iron trough 
through which the barges pass. The sides 
of the trough 'are 1 ft. above the water-level. 
It is carried by side girders 234 ft. long, 
22 ft. 3 in. apart, and 33 ft. deep, tapering off 

to 28 ft. 9 in. at the ends, with a side tow- 

path carried on a gallery 9 ft. above the water- 
level. Water-tight iron swing doors are pro- 
vided at each fixed shore end, and at each end 
of the trough. The gates and trough are 

worked by hydraulic power, and the trough 

can be swung with the barges in it. 


Continued 


5487 



Gfoup 23 

APPLIED 

BOTANY 

HOW TO MAKE 

BASKETS 

9 

The Ancient Industry of Basket-making. 

Cultivation of the Willow. 

Continued frnm 

The Tools Employed and their Uses. The Different Kinds of Strokes 1 

jpago Win 




PRACTISED .ms a personal art, each man for his 
* own uses, in the days of rude barbarism, 
Basket- making very early became a skilled craft, 
and one of tnc recognised trades in every small 
community. At present it is one of the few genuine 
handicrafts left us by the rapid progress of 
mechanical invention. 

The Scope of the Industry. We speak of 
the trade as basket-making ; but perhaps the more 
scientific definition would bo willow and cane weav- 
ing. For the scope of the industry has become very 
wide. Among baskets there is a. largo variety — 
round, square, oval, and flat : laundry baskets, wine 
baskets, coarse packing, protective casing for 
fragile ware, such as stone jars or glass carboys, 
luncheon and tea baskets, chemists’ baskets, baskets 
for fruit, vegetables, provisions and clothes. Fancy 
baskets, work baskets, and various light forms have 
come into extensive use, and constitute an impor- 
tant branch of the trade. Closely allied to the fancy 
kind of basket comes the toy trade, growing every 
year more inr|K>rtant. Doll cradles, chairs, tables, 
and numerous imitations of household articles, 
are made to please the childish fancy. 

But it is in the larger kinds of wicker-work that 
British basket-makers have made the greatest 
advances during recent years. Not only chairs, 
lounges, travelling humors, flower-stnmls, and 
other such wares, but ear bodies for motors, pony 
carriages, and many large pieces of wicker- work 
have been successfully made. 

We have mentioned cane along with the willow 
in attempting to define the trade. Whole cane has 
been in use for centuries, but it is difficult to work, 
and requires great strength in the hands to manipu- 
late. In more recent years 
the introduction of eane- 
pith, or, as it is sometimes 
termed, cane • pulp (a 
material of more facile 
handlingeven than willow) 
has led to a much wider 
employment of cane 
products especially among 
amateur workers. By the 
skilled basket - maker, 
cane-pith has conic in as 
a very handy and service- 
able addition to his 
material. It is largely used, 
often in conjunction with 
willow, for chairs and 
luncheon baskets. 

Tho basket-maker uses 
il considerable variety of raw materials ; in addition 
to willow and cane, rush and straw plait, he takes 
from the wood-worker many kinds of prepared 
woods : from the iron- worker, he asks and buys 
different forniH of iron : from other industries he 
requires various services. But, in the main, the 
materials of the trade are the willow and the cane. 

Willow Culture. Osier farming is a branch 
of agriculture of which the public hears very little ; 
but, when carried on with skill, and under proper 
conditions, it is a profit able crop. A special 
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characteristic of the willow family is its fondness 
for moist, but not marshy nor water-logged alluvial 
soils. Only very coarse kinds of osier are derived 
from lowland soils, and the best results are obtained 
from drained loamy upland soils, well cultivated. 
The chief species arc classified ns osier and line, 
each subdivided into hundreds of varieties, bearing 
local names, such as: stone osier, chancellors, red- 
bud. new-kind, long-bud, Spaniard, French, Pome- 
ranian. The land should be well trenched before 
planting, and if not subject to alluvial flood, care- 
fully manured. After planting, the osier beds 
should be hoed over aniF weeded several times 
(luring the year. When this is done, a crop of fine 
osiers, in normal seasons, is the reward of the 
cultivator. After cutting, the willows arc classed, 
the finest being peeled, and tho coarser kinds, after 
being well dried in sun and air, stacked in their 
skins. To produce what are technically named 
/;«//*, the rods, generally of line quality, are boiled 
in their skins before stripping. The tannin of the 
bark imparts to them a tine buff colour. 

Sorting the Willows. The different kinds 
of willow come to the basket-makers in sorted 
bundles. Unstripped arc called brown, the other 
two kinds are known as white and buff. Old names 
still survive in tho trade for the different sizes of 
brown, white, and buff. The method now most 
commonly adopted is to class them as follows: twig, 
short small, long small, threepenny, middleboro’. 
and great. The names differ a good deal, but this 
classification is sufficient for all practical purposes. 

The willows arc soaked in tanks for a period |lj. 
the length of which is determined by the kind 
and the purposes for which the material is to 
be used, and are again 
more carefully sorted, 
before they are used for 
the finer kinds of work 
Cane. Derived from 
the “rattan” of com- 
merce, many species of 
which grow profusely in 
nearly all parts of our 
Indian Empire, the cane 
is imported in bundles of 
100 each, from 15 to 20 
feet long. The finest skeins, 
made from the flinty 
epidermis of tho cane, 
arc of great length, the 
lough, woody substance 
that- remains being drawn 
through cylinders of vary- 
ing diameters and sold as onne-pulp.. The cost 
of tho material has led to the invention of cheap 
substitutes, none of which, however, have proved 
serviceable enough to merit mention. 

Cutting Tools. Basket-making, as has been 
said, is a skilled handicraft : no machinery is ene 

S loyed in the workshop itself. The basket-maker 
oes the whole of his work by the aid of the very 
simplest tools, of which a kit, supplied by Mr. 
G. Buck, is shown in 2. Taking the cutting tools 
first, we note the shears, K. Shaped like a pair of 
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strong pincers, with long legs and short blades, the 
shears give the worker great power, enabling him 
to cut through fairly strong osiers very easily. 
Three knives, B, 0, and H, are shown, though 
many basket-makers contrive to get along with 
one, or, at most, two. The picking knife , B, is 
• curiously shaped; straight on the back, the face of 
the blade slants forward at an angle to tho head, 
which is cut off at dPobtusc angle. The .shop knifi . 
0, is a plain blade, and the 
smaller knife, H, has a very 
line blade, keen and pointed. 

Tools for Skein- 
making. A very important 
group of tools are those for 
making skeins, D and E. Made* 
of hard wood, with a round 
head fitting into the palm of 
the hand, the body of the 
r / rove is wedge-slmped. with 
grooves running from point 
to neck. The number of 
grooves determines the num- 
ber of parts into which the 
rod is to be split. If we are to 
trot three skeins, the cleave 
with three grooves, I), is used: 
if four skeins are being made, 
t lie four grooved cleave, E, 
comes into operation. With 
the knife make the ruts in the 
top of t he willow ; the grooves 
of the cleave are fitted into 
the 91] >1 its, and by pushing 
steadily through to the end 
you obtain the rough skeins. 

After being split, the osier or 
tine skeins have two faults 
which should he corrected 
before using. The pith of 
the he lit of the split willow 
remains on the inner side 



TOOLS USED BY BASKET-MAKERS 
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of the skein : the 
taper of the natural growth of the wand from 
butt to tip shows itself in ic gradual thinning 
of the skein. To remove the pith, and make the 
"kein equal in all its length, wo have two kinds 
<*f tool, the one called the upright, F, and the other 
the shave, A. In principle, both tools are the same, 
hut .inform very different. In the shave, the cutting 
tool is a steel blade placed in a graduated position 
towards an iron bed. The blade having been set 
to the thickness required, the skein is drawn through 
with the right hand, while the left thumb guides 
it against the blade. In this way the skein is planed, 
and an equal thickness obtained. 

The upright is rather more ingenious, the cutting 
tools being contained w ithin a bolder. The blades 
having been set by thumbscrews to the breadth 
we think the skein will stand from end to end, we 
draw' it through the upright, cutting away irre- 
gularities. Now the skeins are ready for any 
purpose. 

Other Appliances. Two round- pointed 
bod kins, L, one long and one short, are required for 
making openings, either in the thick osier or 
between the woven work. An awl, G, is sometimes 
added. Resembling closely a broad, strong file, 
with a round head for handle, the iron , J, is 
useful for driving the work close, or for sending 
home tightly-fitting stakes. 

The fitness of the names the basket-maker lias 
applied to his tools comes out vividly in the com- 
mander or dog, M. It is a strong iron rod with 
two teeth at the one end and a ring at the other. 


n 


c. 


This tool is used for straightening crooked sticks, 
and other similar purposes. 

Closely resembling a horizontal vice, the screw 
block [3] is used for holding the sticks of the covers 
and bottoms of square baskets. The ends of the 
sticks, after being sliptd, are inserted between the 
blocks, and the screws fix them firmly in position 
for the worker to weave the rods over them. These 
tools are made of beech wood, 2 in. square, and 
from 24 in. to 3fi in. long. 
The threaded bolts of iron 
are fitted with screws for 
working with the finger and 
thumb, or the bodkin. 

The basket-maker has his 
own yard stick, generally a 
wand, marked in inches. In 
the workshop, we find tin 
p/ank, the work board , ami 
other appliances of general 
use, varying in kind w'ith the 
styles of work carried on. 

Definitions of 
M Strokes.” Handing is 
the weaving of a single rod 
in and out on the sticks 
which form what might be 
ealled the warp of the basket. 
Working a pair is the weaving 
of two roils alternately over 
one another. Slewing is work- 
ing with two or more rods 
at the same time. The oppo- 
site of the pair is the fitch, in 
which two rods are worked 
under each other. The most 
complex of the common 
strokes is the wale, three or 
more rods being woven over 
and under each other in 
regular sequence. There are 
other kinds of basket -weaving, which are shown in 
the descriptions of the various methods of bordering. 

Making a Round Basket. The shortest 
and simplest way of initiating the beginner into tlic 
various stroke* i< to bring before him a round 
basket in which they arc exemplified. Of course, 
the apprentice in a basket-making shop is not so 
quickly given the knowledge of the rudiments of 
his trade. He has first to find his way about, 
doing odd jobs of sorting, and making himself 
generally useful : then he is given small parts to do. 
under the superintendence of the journeyman whom 
he i* helping. Surrounded by export workmen, 
exa m pics of dexterity always 
coming before bis eyes, the 
apprentice can afford to 
bide his time. 

Suppose, then, wo have 
undertaken to make a 
strong, large basket of 
.omul shajie, such as 4 , 
which is reproduced by permission from the ‘‘Journal 
of the Society of Arts," January 11, 1907. 

The Bottom. The first part to be made is the 
bottom. Cut the butts from, say, six rods, of nearly 
equal thickness, and the same length, but rather 
longer than the diameter required. Cross three over 
three at right angles, slicing a little at the centre 
w here they cross, to let them lie neatly. Prepare two 
rods, called sloth rods, and sharpen the ends. The 
crossed sticks are on the plank, and, pressing them 
down with the foot, you thrust the sharp end of the 
first slath rod in at the crossing, bend it round the 
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three ends pointing away lip over the sticks to the 
right, down round the sticks directed towards you, 
and up on those to the left. At the same time we are 
working the other slath rod in an opposite direction, 
crossing them over one another, binding the whole 
in one, and forming what is called the doth. 

The same method is pursued in making the body 
of the bottom, with a difference. The slath rods have 
been worked as a pair — that is, two worked alter- 
nately over one another — but the bottom sticks have 
been treated as four units of three. But as soon as 
the slath has been firmly tied, we begin to open out 
the sticks, passing the weaving pair in between 
each, widening them out further and further, so as 
to form them into radii of a circle the size of the 
bottom of the proposed basket. When the size is 
reached, the surplusage of bottom sticks is cut off. 

Upsetting. We have now to see about mnk ing 
the sides of the basket. 

First select an odd numbor 
of rods, or stakes, say 23, if 
the sides are to be slewed , 
an even number, say 24, if 
they arc to be winded or 
filched. With the shop knife 
make long points on the 
stakes by cutting into the 
hacks, and insert by the 
sides of the bottom sticks. 

Having driven the sticks 
well in, prick each one up 
with the point of the knife. 

The upper ends of the 
stakes will be Hying loose, 
and to keep them in posi- 
tion a hoop about the size 
of the head of the basket 
designed should he made 
and put round the upright 
stakes, holding them up in 
position. Now drive them 
in evenly all round with 
the iron. 

The upset we now pro- 
pose making is done hv 
the stroke named the irnle. 

This gives a good basis to 
the basket Selecting three 
rods as nearly alike as pos- 
sible, we weave them alter- 
nately one over the other, 
and in their intertwining 
enclose the stakes. If the 
basket is to he footed , begin 
with the tops and piece in 
three other rods when the huffs are worked out. if 
not footed, begin with (he butts, which arc sliped and 
inserted in sequence alongside* three following stakes. 

Filling. The upset made firm, we may fill up 
the sides with any or all of the strokes we have 
mentioned. Suppose it is an open skeleton- sided 
basket that we have to make. In this ease we use the 
fitch, and bye-stakes are inserted in the upset be- 
tween the pairs of stakes. This stroke comes as near 
to simple twining as it is possible to imagine. Wo 
begin with two rods ; for short lengths, a single 
rod is doubled and twined. On the. round basket, 
however, it is better to use two. Hod No. 1 begins 
behind stake No. 1, and comes round in front of 
stake No. 2 ; rod No. 2 begins behind stake No. 2 
and twines with rod No. 1 as it comes round to pass 
in front. The one is always passing under the other, 
not above, as in the pair. Two or more fitches are 


required, according to the depth of the basket, which 
may be strengthened by a wale above each. 

Now % we want a strong binding course for the top 
of our basket, and resort is again made to the 
wale. If working with three rods, weave them 
over two stakes and behind one alternately, while 
making each follow and weave over the other 
in regular succession. The stntos are then laid down 
and woven behind and in frOTTt of each other to 
form a border. 

Randing and Slewing. Handing is at once 
the simplest and most effective weaving. Like 
plain weaving of cloth, it is the foundation of all 
other styles. From this it will be inferred that the 
stroke is simply one rod over and under one stake 
alternately. Select a rod, put the butt behind a 
stake, the length of the rod extending to the right, 
and with a jerk of the finger and thumb draw it in 
front of the next stake ; 
then jerk it back behind the 
next stake. In this simple 
style weave as much of the 
side as is necessary. 

The quick filler is the slew. 
With this stroke, an expert 
worker could till up the 
sides of a basket in a very 
short time. The best way 
for a learner is to start with 
one rod and gather up to 
three in the following way : 
Put one rod in and carry 
it round a stake or two; put 
in another to run alongside ; 
add the third ; then carry 
the slewing right round, 
always adding on a rod as 
one* comes to an end. This 
is the method used in t/io 
construction of the coarser 
kinds of basket-work, such 
as packing. 

The stakes are longer than 
the sides require by a good 
deal. With the picking- 
knife prick each stake on the 
right side, and bend over 
from left to right, so as to 
come close over the last 
round of weaving Pass each 
successive stake under the 
bend of the one before it, 
and then carry forward over 

a. proportion of stakes, accord- 
ing to tho number available 
and tho thickness of the border desired. In 
passing along the takes add to the thickness of 
the outside breadth : when brought round to the 
inside again, they add to the breadth of tho inside. 
Thus the stakes are twined into an equal border. 
The protruding ends arc cut off by the picking knife. 

The foot, when needed, is worked in similar 
fashion. The tops cut from the stakes, after the 
border has been formed, are inserted beside the 
u psetted stakes. Having been thus fixed, two rounds 
of waling are added and tho foot rods are laid down 
and worked into an ordinary border. 

The lid is generally made like the bottom. Many 
and complicated methods of handling are practised. 
The simpler form is to top a rod and sharpen the 
butt, which is inserted alongside a stake. The rod is 

then twisted, looped under the border and roped over 

itself three times, resembling a three-stranded rope. 
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SHOPKEEPING 


according to the weight of india-rubber. Tlie liire 
charge is from 15s. a week, but the bed should not 
be let out for infectious cases, and in any case must 
be well washed with carbolic soap when it is 
returned. Air-pillows, circular, cost about 7 s. for 
a 15 in. size, and 9s. for 18 in. ; the reeded pattern, 
lfi in. by 12 in.. Os. each. Air-beds are often pre- 
ferred to water-beds on account of their lower 
cod, an air-bed 24 in. by 72 in. costing about 
50s. Ice-bags and icc-caps are in demand, a circular 
ice-bag 0 in. in diameter selling for Is. 3d., 12 in. 
3s., and costing 9s. and 20s. per dozen respectively. 
Waterproof sheeting is either single or double, and is 
30 in., 00 in., and 72 in. wide. Single sheeting costs 
Is. 3d., 2s. 3d., and 2s.9d. a yard, and sells at 2s., 3s., 
and 4s. a yard. India-rubber urinals for men and 
women sell at 12s. to I os. each, hut being not much 
in demand seldom pay to keep in stock. Enema 
syringes, douche-cans, injection-bottles, spray- 
producers, breast -exhausters, nipple-shields, and 
finger-stalls fall into the class of diuggists’ sundries 
usually associated with the business of a chemist 
and druggist. 

Elastic Hosiery. Varicose veins in the 
legs were formerly always treated by bandaging. 
Now some form of elastic hosiery is nearly always 
employed. Not only for varicose veins arc elastic 
goods used, hut they are used as supports for the 
ankle after sprains, and for weakness of the knees. 
Athletes require them for the arms or legs weakened 
by excessive strain in football, cricket, shooting, 
or lawn-tennis. The material from which elastic 
hosiery is woven by machinery consists of india- 
rubber threads alternated with threads of cotton, 
silk, or wool, and the articles are made white, pink, or 
blue tinted, and sometimes red, drab, or black. 
The various articles are made to draw on or, less 
frequently, to lace. The former 
are more convenient, besides being 
cheaper. For warmth in eases 
of rheumatism, elastic hosiery is 
made with a fleece or pile of 
wool on the inner surface, this 
especially applying to knee-caps. 
The following table gives the 
kinds of elastic hosiery in com- 
mon use, tells how to measure the 
patient, and the cost and retail 
price of each article. The measure 
is taken on the naked limb on ris- 
ing in the morning, and an allow- 
ance of one in eight is made for 
pressure by the stocking maker; the patient must 
give the exact measure. The prices are approximate 
as the cost varies considerably with different makers, 
and it is as well to remember that cheap elastic 
hosiery is not always cheap in the long run. The 
makers keep some eight or nine stock sizes, num- 
bered 1 to 8 according to the length, a No. 5 
stocking being lfi in. long; while the circumference 


of stock sizes is indicated by letters, a C stocking 
being about 101 in. Dealers will find the plaster legs 
sold by wholesale druggists’ sundriesmen at about 
5s. very useful for displaying elastic hosiery. The 
measurement* required for wristlets and elbow sup- 
ports will be judged from what is required for hosiery. 

Belts and Braces. Belts are used as sup- 
ports for the abdomen. The measure must be taken 
with great care as the belt should fit like a glove. 
Tlia best guide is a calico pattern fitted to the 
body. The fronts are made flat or round, and it 
is necessary to give the circumference at three 
places, and the depth both at the back and front, 
ladies’ abdominal belts sell at 7s. fid. to 21s. Belts 
of various kinds are made for gentlemen. The 
knitted variety is known as a cholera belt ; while 
money belts are often asked for by those going 
abroad. Chest-expanding braces are needed for 
women and children ; they cost from 4s. to l()s. each. 

Trusses. There are four kinds of rupture 
or hernia for which trusses are required: (1) 
inguinal, (2) scrotal, (3) femoral, and (4) um- 
bilical. The most common rupture is inguinal 
(in the groin), and it may he either on the right 
or left side or both sides, requiring single or double 
trusses, as the case may be. The common kind 
of truss consists of a steel spring for encircling the 
body and a pad for pressing on the rupture, the 
whole being covered with basil and moleskin. 
The ordinary sizes are 30 in. to 40 in., 3(> in. being 
the size mostly required. These trusses cost from 
Mis. to 30s. a dozen single, and 30s. to 50s. a dozen 
double, and sell at from 2s. fid. each. Other kinds 
are the Moc-main, S. and O., and Coles pattern. 
The Moc-main have no springs and are suited for 
patients who do not have heavy labour to perform. 
This pattern truss costs 8s. single, and 15s. 
double, and sells at 12s. (id. and 21s. In 
measuring for a. truss, a tape measure is used. 
It is passed round the hips, and the number of 
inches indicated is the size of truss required. 
The truss is put on while the patient is laying 
down. For bathing, trusses arc covered with india- 
rubber, and the pads of the ordinary trusses are 
made of various materials, such as wood, ivory, or 
celluloid, and in some eases the pad is filled with 
glycerin. The scrotal truss has a triangular pad 
which goes between the legs. The sizes run the 
same as the inguinal trusses, but they are more 
expensive, single trusses costing from 4s. each 
and double trusses 7s. each, selling at from 7s. fid. 
each. Femoral trusses for rupture situated in the 
thigh differ from the inguinal truss in the size 
and form of the pad and the direction of the 
thrust. There are two general forms of femoral 
truss, known as circular and half-spring. The 
circular form costs from 2s. fid. each single, and 
4s. each double, and sell at 5s. and 8s. each : 
while the half-spring pattern costs 6s. and 12s. 
each, the retail price being 8s. and 17s. fid. each. 



i Description. 

.Measure* required. 

Cost per pair. 

Sell at per pair. 

Circumference at 

Length at 

Silk. 

(.otton. 

Silk. 

Cotton. 

Stocking 
Legging . . 

Sock or Anklet 
Knee-cap 

Knee stocking 
Knee-legging . . 
Thigh piece . . 

ITMah hying . 

. Crocking 
[Thigh lrner-cftuj 

1), K, F, G, H, J 

1), H, F 

V, G, 11, J 

B, C, D 

B, C, 1), E, F, G, H 
B, C, I), E, F 

A toB 

A, B. C, T>, E, F 

A, B, (\ 1), E, F, G, 
H, J 

A, B, C, J) 

O to K, J to L 

0 to c^, 

F to K, J to L 

B to C, C to D 

B to 1), O to K, J to L 
B to I>, 0 to Q 

M to N 

M to N, N to O, O to P 
M to N, N to 0, 0 to K, 

J to L 1 

A to B, B to C, C to D j 

8/8 to 0/6 
6/6 to 7/6 

4/- to 6/- 
5/6 to 6/6 
13/6 to 16/6 
12/6 to 14/. 
6/- to 7/6 
15/6 to 21/- 
20/- to 23/6 

11/- to 13/6 | 

4/9 to 6/- 
3/9 to 4/6 

3/- to 4/- 
3/3 to 4/- 
8/6 to 10/6 
7/- to »/- 
3/6 to 4/6 
10/- to 13/- 
12/6 to 14/6 

6/6 to 8/6 

10/6 to 12/- 
8/6 to 9/6 
5/6 to 7/6 
7/6 to 8/6 
18/- to 21/- 
1£/. to 18/« 
8/- to 9/- 
20/- to 23/- 
25/- to 30/- 

15/- to 18/- 

6/6 to 7/6 
5/6 to 6/- 
4/- to 5/- 
4/6 to 5/- 
10/6 to 12/6 

9/6 to 12/- 
6/6 to 6/- 
12/6 to 14/6 
16/- to 18/- 

9/- to 16/6 
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Umbilical rupture occurs in both young children 
and old persons. Trusses are made for this form 
of rupture, but the india-rubber or web belts are 
much better, an air- pad being arranged to press 
the navel back into its place. The sizes for children 
are 12 in. to 20 in., costing Is. (id. to 2s. each, and 
retailing at 2s. 6d. to 3s. Another kind of truss— 
the rectal truss — is needed occasionally for pro- 
lapsus ani, such an instrument selling at one-and-a- 
lmif guineas, and costing about 20s. 

Artificial Limbs and Orthopaedic 
Appliances. The measurement for artificial 
limbs is a matter of comparison with the size of the 
eorrcM[>onding limb. Needless to say, the utmost 
care has to be taken with the measurements. 
An artificial leg for amputation above the knee 
sells *at £10 to £15 ; an artificial arm and hand 
at about £15. Artificial hands cost from 20s. to 
70s. each. Crutches cost from 3fis. a doz. pairs, 
better kinds costing 4s. fid. to 40s. a pair. Leg- 
irons for deformed legs sell at four to six guineas. 
Poroplastie jackets for spinal support cost from 
ISs. each, the more elaborate Sayre's apparatus 
costing £5 to £6. 

Deafness Appliances. Deaf |>eople re- 
quire ear-trumpets and conversation tubes. Ear- 
tnimpets in 1 iron zed tin sell at 4s. fid. to (is., the 
telescope form from 7s. (id. to 12s. Ear-cornets 
or resonators are a smaller form ; they are made 
bell or egg-shaped. Vulcanite trumpets sell at 
5s. to 7s. (id. Conversation tubes 3 ft. long cost 
2s. (id., and sell at 4s. ; hut more expensive ones 
are sold which have ebony mounts and silk-covered 
tubes. Acoustic fans and aud iphonos are refine- 
ments of hearing apparatus, and sell at from two 
to three guineas. 

SWEET-SELLERS 

There is no retail establishment more universally 
popular than the sweet-shop. Old and young — 
particularly the young — rich and poor, have the 
‘‘ sweet tooth.” It is not surprising, therefore, 
that shops for the vending of sweetstufTs abound 
in every district ; and the status of the neighbour- 
hood may often be gauged by the appearance of 
these establishments, and the kind and quality of 
goods sold therein. It is an enticing trade for people 
with small capital, for little or no experience is 
required in learning the business. It is a trade 
in which, given normal conditions, the cleanly, 
careful, polite and attentive person is bound to 
succeed. But it must not be entered haphazard, 
for there is keen competition in this, as in nil other 
t rad ing concerns nowadays. The grocer, t he ehem is t . 
the restaurant and the stores all vend sweets of 
various kinds, and each may he reckoned as a 
competitor, in some measure at least, to the legiti- 
mate sweet-seller." But for a man in delicate health, 
for a woman who has been “ stranded” and does not 
quite know where to turn in order to gain a liveli- 
hood, for a widow, or even for a married woman, 
who essays to supplement her husband’s precarious 
« ‘an lings, the selling of sweets offers a comparatively 
easy outlet for business energy and enterprise. 
"Gaining the Necessary Knowledge. 
I he practical confectioner needs no teaching, so 
that, in this article we shall deal only with the 
s woe t-sel ling novice. It is advisable that, before 

parting, the beginner — who more often than not 

a woman — should get’ a little practical expe- 
rience in the treatment of sweets. This may best 
he obtained in the wholesale depot of some large 
“manufacturer of good reputation. Such manufac- 
turers are only too willing to give a novice, who is 
«lso a potential customer, the benefit of their 


experience. A week or so in such a depot will serve 
to initiate the intelligent pupil info the mysteries 
of the storage and manipulation of sweets. She 
will learn very quickly what kinds of goods deterio- 
rate most quickly, how to prevent deterioration, and 
what to* clo when the goods show' symptoms of 
becoming stale. It will be impressed upon her that 
sweets that may have “ caught the sun ” or 
have become damp should he made into a “ mix- 
ture ” with other and fresher goods, and sold as 
quickly as possible at slightly lower prices. Above all 
things it should be remembered that some good* 
showing signs of age should be cleared out at Once 
even at a sacrifice of profit : although the best 
class of chocolates, on the other hand, mature with 
keeping. Careful storage, cleanliness, politeness, 
and fresh sweets make a combination that the 
public will find irresistible. 

The Money and the Shop. If the beginner 
has about £50 capital she may make a very credit- 
able start. Of course, this is a small amount, and 
the beginning would be humble. A good middle- 
class neighbourhood, and a small shop with 
living-rooms attached, would be selected by the 
young w'ifo or spinster with ambition, taste, and 
the capital named. The rent in a middle-class 
suburb would not bo great, provided the main 
street be not selected for the scene of operations. 
The fittings required for the shop may be quite 
modest, and need cost next to nothing. A handy 
husband or male friend could fit up and stain a 
few shelves around the shop and in the w indow. A 
counter, a pair of scales, weights, a scoop, and a 
gross or two of paper bags of different sizes would 
not cost more than a few pounds. Neatness, bright- 
ness, and, above all, cleanliness, are essential, but 
the clever woman would find it little trouble to 
adorn the shelves with fancy paper or other drapery, 
and so make the place attractive. If feasible, a few r 
glass shelves raised on blocks for the window' 
may be obtained at a small cost, as well 
as a dozen show-bottles of different sizes, costing 
an average of Is. each. Receptacles for tin* good- 
are not really necessary, for the manufacture! > 
send out their productions in good bottles and 
other containers, with attractive labels. The-c 
bottles are charged for when sent out, hut the charge 
is credited when the bottles are returned empty. 
Some manufacturers even supply ornamental 
eases aud dainty show-bottles free on loan to 
advertise their wares. 

Arrangement, Methods and Display. 

On no consideration need there he a large opening 
slock. Attraction is the great thing, and taste in 
window” display is the most trustworthy magnet. 
Small quantities and much variety should bo the 
rule, for in nothing is Ihe public taste so peculiar 
and varied as in swee ts. Therefore, give the public 
variety, and never let the window be too great a 
trouble. Let the stock be carefully watched ami 
arranged so that the old is got rid of before the new 
is begun upon. If in a busy thoroughfare, near a 
railway station, theatre, or place of amusement, 
it is essential that packets of sweets he always 
kept ready to he picked up, for travellers and amuse- 
ment seekers have not usually much time to waste 
in fastidious selection. But the chance customer, 
in the majority of cases, does not make the business. 
In the environment that we have indicated for 
our beginner, a family trade should be aimed at. 
Although apparently a transient business, the sound 
sweetstuff trade is really not so. it is kept up by 
regular customers, just as other businesses are, 
so that the influence of a pleasant and attractive 
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personality, a bright shop, a fresh and tempting 
display, and genuine— not cheap — goods cannot 
be sufficiently emphasised. An endeavour should 
be made by issuing leaflets, displaying special lines, 
and so forth, to secure a reputation for selling better 
caramels, or chocolates, or fondants, or what not, 
at the same price as competitors. This reputation 
once established, people will go a long way to get 
your particular speciality, and they should be made 
to feel that you are glad to see them. Daintiness — 
that peculiar attribute of womankind — is oven more 
essential than painful neatness and rigid cleanliness. 
It is not always necessary to show full packets 
of sweets, for many manufacturers supply good 
customers with dummies, and there are plenty of 
artistic showcards to be obtained freo of charge 
from manufacturers to enliven any spare wall space 
there may be. Only stock reliable goods, and sell 
at a fair profit ; the “ cheap and nasty ” trade is not 
worth the candle. 

The First Stock. An expenditure of about 
£20 would make quite* a nice opening display. 
The aspiring sweet-seller would go, or send, to the 
showrooms of some reputable manufacturers of 
general confectionery (like Clarke, Nieholls & 
Coombs, Ltd., of London, for instance), and select 
as judiciously as possible a varied stock somewhat 
on the following lines. In chocolates, order four 2 lb. 
boxes to sell at Id. an oz. (cost about Del. per lb.), 
two boxes to retail at l.Jd. an oz. (Is. per lb. cost), 
and two boxes at 2d. an oz. (Is. fid. wholesale). 
Fancy boxes and baskets should be bought very 
sparingly at first until the requirements of the 
neighbourhood are known, and care should be 
exercised in the purchase of these to make sure 
that the “turnout” can be sold without loss — 
that is to say, that a “ } lb. box ” actually contains 
J ll>. of chocolates, and so on. Then select a few of 
the smallest-sized boxes of popular lines of goods 
to retail at (id., 3d., Id., and id. per packet. The 
cost of such goods is usually 4s. (id. per gross for 
halfpenny goods, 8s. fid. per gross for penny articles, 
2s. 3d. per dozen for threepenny goods, and 4s. fid. 
per dozen for sixpenny packets. Marzipan selections 
would be purchased in 2-lb. or 4-lb. boxes in qualities 
to retail at Id., fid., and 2d. per oz. Then mixtures 
packed in rows, and loo^e, other than marzipans will 
be needed to retail at from 2 oz. for l id. to lid.peroz. 
At prices under 2 oz. for ljd. there are other lines 
sueli as gums, fruit pastilles, glace and crystallised, 
to bo, thought of. Then there are popular lines of 
goods ineluding coco-nut socialities, fondants, 
dragees and gums to sell at 2 oz. for Id. For about 2 1 s. 
.{ cwt. assorted woidd be secured in bulk. Caramels 
arc perhaps the most popular sweets of all. They 
may be ordered in Id., 2d., 3d., fid., or Is. packets 
or loose in 2-lb. or 4-lb. boxes. At least two 2-lb. 
boxes of approved brands (costing about fid. per lb.) 
should be secured. After that j- cwt. of hoik'd 
drops, toffees, satinettes, fourres, etc, should 
be ordered in 2-lb. bottles. These retail 
from 2 oz. for Id. to Id. per oz. Cachous might be 
% obtained in A -lb. or 1 -lb. bottles, but great care 
"should be taken with these. They must be kept 
dry and in airtight containers, to prevent deteriora- 
tion, as they are not quick sellers. The retail prices 
range from 2 oz. for Id. to 2s. fid. per lb. ; the best 
qualities retail readily at from 4d. to fid. per oz. 
Lastly, a few 4-lb. boxes of lozenges — peppermint, 
musk, heliotrope, etc. — the products of different 
makers, would bo necessary to complete the stock. 
It is invariably safe to buy Cadbury’s and Fry’s 
chocolates. llown tree's chocolates and gums. Mac- 
kintosh’s toffee, Clarnico marzipan selection^, 
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caramels and fondants, “ My . Queen,” chocolate 
nougat and penny marzipans, Peter’s and Cailler’s 
Swiss chocolates, and “ Devona.” These makers 
have obtained a reputation for the, particular kinds 
of goods named, and there is a public demand 
for them all over the country. 

Making Sweets, In these days of large 
manufacturers, with up-to-date machinery, it would 
be ridiculous for the untrained sweet-seller to 
attempt to make her own goods. If care be taken 
to deal only with reputable houses, and in approved 
brands, it will be found much the more profitable 
and satisfactory method to buy everything from the 
wholesaler. But some extra-ambitious beginner 
may have an idea that manufacturing one or two 
special lines in a small way brings extra credit to 
the venture. Experience has certainly shown that 
in some instances kudos is gained by a sweet-seller 
making a particular toffee or cream of his or her 
own ; but the particular sweetmeat must have 
some distinction to make it worth the trouble from 
a pecuniary point of view. If, however, manufac- 
turing is decided upon, a small outfit, costing in all 
about £5, would include a stove-top, a copi>er 
saucepan (to boil 10 lb. or 12 lb. of sugar at a 
time, a tin frame to pour the tolfee into (say, 15 in. 
long by 10 in. wide and 1 in. deep), a smooth cast- 
iron pouring plate (3 ft. by 1 ft. 8 in.), for rocks, 
drops, and hand-rut goods, a pair of scissors and a 
thermometer. The plate would be fixed on a small 
table or rough bench, about 2| ft. high, and there 
might also be a 3} in. strong frame and two pairs 
of rollers to fit. 

Sugar Boiling. The process of sugar boiling at 
different, degrees has first to be learned. There are six 
degrees in sugar boiling, known as the “ smooth” (ap- 
proximately 215 F. by thermometer), the “ thread" 
(230° F.), the “blow” or “feather” (235°F.), the “ball” 
(240° F.), the “crack" (252° F.), and the “caramel” 
(2fi0° F.). The “smooth” is tested practically by 
boiling, for instance, 7 lb. of loaf sugar in 3 pints 
of water for about 10 minutes after the sugar is 
all dissolved. Then, if the handle of a teaspoon be 
dipped, and the boiled sugar drawn between the 
forefinger and the thumb, and on working it feels 
slippery, the first or “ smooth ” degree has been 
attained. A little longer boiling, and the same 
test related until a thread-like appearance is 
noted, indicates the second degree. Continued 
boiling and consequent evaporation gives the 
“blow” or “feather” stage, which is tested by 
dipping a skimmer or slice with holes in it. into the 
boil, draining off, and blowing hard through ’them, 
until feathery particles pass away. The “ ball ” 
stage is onlv a little in advance of the last, and is 
known by dipping the boiled sugar on the spoon in 
cold water and then working with the forefinger 
and thumb as before. If it is tough, ami works like 
a ball of hot bread, it is at the right stage. When 
the “ crack ” degree is reached, and the same test 
as for “ ball ” is applied, it will crack. Or if slipped 
off quickly from the spoon and bitten, the sugar 
crunches and leaves the teeth without sticking to 
them. This is, perhaps, the most useful degree in 
sugar boiling. For the caramel stage, the boiling 
is continued, and the sugar is watched carefully 
until it changes colour. The novice will spoil many 
batches at first, for only practice makes perfect. The 
foregoing is merely for the guidance of any beginner 
desiring to experiment, for the business of sugar 
boiling cannot be taught by books. Moreover, as 
stated before, it would scarcely be worth the sweet- 
seller’s while. But having gone so far, it might be well 
to explain how one or two confections are made. 
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Toffee and Creams* Everton toffee, for 
instance, varies with different makers ; but one of 
the best methods of making it on a small scalo is 
by boiling 7 lb. of best raw sugar in 3J pints of 
water until 245° F. is reached on the thermometer — 
that is, a stage between the 44 ball ” and the “ crack.” 
Then add to the boil 1 lb. of fresh butter, boil the 
whole nearly to the 44 crack ” over a slow fire, add 
one teaspoonful of essence of lemon, and pour into 
the frame. For special purposes, 4 oz. to 8 oz. 
more butter may be used. Any variety of the soft, 
rich candies, popularly known as “ creams,” can 
be made by boiling together 7 lb. refined sugar, 
{ oz, cream of tartar, and 3 pints of water, to 
“thread” degree; then take it from the heat and 
set aside for half an hour. At the end of that 
time work the syrup with a spatula, or a palette 
knife, against the sides of the pan until it changes 
into a thick, orenmy-looking substance. When that 
condition is obtained, mix into it any kind of fruit 
essence, or fruit preserves, almonds, marmalades, 
etc., according to the particular variety of “ cream ” 
desired. Lastly, put into tin frames or shapes 
(previously well smeared with salad oil) to set ; cut, 
and turn out when cold. The object of the cream 
of tartar is to “cut the grain,” or prevent re- 
eryslallisation of the sugar. For in the process of 
sugar boiling the sugar exhibits a strong tendency 
to crystallise back into its original form, and it will 
do so when boiled beyond “feather” unless the 
process is retarded by an acid which prevents the 
particles being held together by what is known as 
the “ attraction of cohesion.” The safest and most 
trustworthy preventive of this is cream of tartar, in 
the proportion of not less than \ oz. to 7 lb. of sugar. 

Expansion. Assuming that the business is 
growing, and returning a profit, there are many ways 
in which enterprise may be shown. The fittings 
may be gradually added to, and show-eases and 
sweet-stands bought to increase the embellishments 
of the shop. In this connection, some useful infor- 
mation may be obta ned by consulting the articles 
on Bakers and C mfectioners, beginning on page 
! K JO of this sects n. The stock, of course, would 
gradually be inert isecl in certain lines as the needs 
of the neighbour. are known, but a. constant 
endeavour at a high standard of taste should be 
made. There is fashion in confectionery as in all 
< lse. During recent years, chocolates and caramels 
of all kinds and shapes have been the rage. Then, 
the business is affected by the seasons of the year, 
in spring and summer acid drops and sweets 
flavoured with the natural juices of fruits are in 
demand. In the late autumn and winter, nut 
sweets are asked for, while warming corrections, 
such as those flavoured with ginger or cloves arc the 
thing for cold weather. At Christmas, bon-bons, 
'•lackers, Santa (Ians stockings, tiny Christmas 
hampers of chocolates, sugar animals, and so forth, 
:*re expected. Faster is a good time for all kinds of 
white sweets, such as white sugar almonds, white 
(■roams, etc., not to mention Easter eggs, which 
then form nine-tenths of the trade. Aerated 
waters and ice-cream are appropriate side lines for 
the sweet-seller, provided there is room for cus- 
tomers to sit down and consume these things. 
Aerated waters show a good profit, ancl should be 
kept in syphons as well as in bottles. 

Ice«cf@am. The ice-cream business, if it can 
properly w r orkcd, is a very lucrative side line. 
AH that is needed is a freezing machine, made of 
l*ewter (which would cost not more than 30s.), a 
strong wooden tub (large enough to hold the freezer 


and to admit of the packing of the freezing materials 
between the sides of the tub and the freezer), and a 
pewter spatula, or scoop, w ith a long wooden handle. 
The mixture to be frozen is poured into the freezer, 
which is placed in the tub, and the space between 
filled with broken pieces of ice, and from 2 lb. to 
3 lb. of coarse salt. The handle is then turned until 
the spatula stands upright in the mixture, care beiug 
taken during the freezing process to dislodge the 
“ custard ” as it thickens from the sides of the 
freezer with the spatula, so that- it may be intimately 
mixed. The ice-cream “ custard ” is usually made 
by whisking four fresh eggs, putting them, with a 
quart of new milk, } lb. of loaf sugar, and 1 oz. of 
fresh butter, into a pan, whisking the whole together 
and heating over a slow fire, stirring all the while, 
until the mixture comes to a boil, when it begins 
to get thick. Then lift off, strain through a fine 
horse-hair sieve, or muslin, let it stand till cold, 
freeze, flavouring with vanilla, and tinging the 
mixture slightly with saffron to give a “rich” 
appearance. Tliero are many variants of this 
recipe, .and different flavourings and colourings 
may bo employed, such as raspberry, strawberry, 
and lemon. Excellent ice-erotics are sold ready- 
made to hotels and shops in smdl freezers holding 
about a quart ; but care should be taken in such cases 
to deal only with firms of good repute. It may lie 
that the business increases to such ail extent that 
a pedestal fountain, for the ready production of 
aerated water, and even the elaborate soda 
fountain now in vogue, and so popular in America, 
are looked upon as necessities to supply the wants 
of the neighbourhood, but that stage of progress 
would not be reached for some years. 

Turnover and Profit. A confectioner 
must have a good profit, for a variety of reasons. 
First, of all, the hours of business are long, therefore 
lighting bills arc largo and attendance is protracted. 
Moreover, the goods are perishable, and at least 
10 per cent, must bo allowed all over for deteriora- 
t ion. This is a problem that should be faced boldly 
from the start, for nothing is more fatal to a business 
than a reputation for selling stale goods. There- 
fore, one must be- prepared for a 10 |>er cent, 
sacrifice on the general turnover. The stock 
should be turned over at least once a month. 
The rale of profit- on packet goods ranges from 
25 to 33 per cent., but on some goods 50 to 
75 per rent, on the- turnover is no uncommon 
thing. There is naturally a greater proportional 
profit on the higher-priced goods, but they have not 
such a quick turnover. At first, manufacturers or 
wholesalers would have to be paid cash, but as the 
business becomes established, a month’s credit 
would be given. The usual trade terms are one 
month net, but some manufacturers give 1-J- per 
cent, discount a* a month or even considerably more 
to good customers. Whether a discount is given 
or not the net clrnge varies but very little, if at all, 
among the best firms. Manufacturers are always, 
of course, willing to aid deserving traders either by 
longer discounts, or by special prices on special 
uant ities, whenever circumstances warrant such 
epartures from the usual practice. The retail trade 
is essentially for cash, and this enables the shop- 
keeper to see how' things are going day by day, and to 
expand or to retrench, as occasion arises. There need 
be no fear of failure if tlic trader keep a sharp eye 
on the condition and requirements of the stock, if 
she own a dainty and attractive establishment, and 
if she avoid the brusque and haughty manner, or the 
careless and slovenly style in dealing with the public. 


Continued 
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The Plasterer’s Tools and Their Uses, Materials in Plastering. 

Coiitlnuuri from 
INige MOl 

Applying the Plaster. Cornices and Ornamental Work 


By Professor R. ELSEY SMITH 


THE plasterer’s work consists of covering rough ami 
*• uneven surfaces with a plastic material so as to 
produce a smooth, hard surface, which may he 
treated decora lively by covering it with paper or 
with colour, or which, instead of being finished as 
a plain surface, may be modelled in relief as a means 
of decoration. 

Plasterer's Tools* The tools used by the 
plasterer are somewhat numerous, several varieties 
of some kinds of tools being required in a com- 
plete outfit. 

A square stand or stance [1] is formed with four 
legs and with top rails tlush with the top of the legs 
framed all round ; a lower set of rails a few inches 
from the bottom of the; legs is required for stiffness, 
and on these a platform of boards may be formed. 
This supports the gauge-board , on which materials 
are mixed, which is separate from the stance, and 
which is usually about 3 ft. bin. sq. and Jin. thick; 
it has two cross pieces at the back and a diagonal 
piece between them to keep the hoards from 
warping. For gauging concrete these are made 
about 0 ft. square and I in. thick, in two halves, or 
a temporary platform of scaffold boards is some- 
times used. 

Brushes [2] for the best quality of work are 
made of hogs’ bristles tied to wooden handles. The 
stock brush is sometimes made plain and broad ; at 
others, tied up into three or four tufts side by 
side. Cheaper brushes are made with grass fibre. 
Tool brushes (3) are circular. Brooms are 
made of split whalebone or of wire for keying 
plaster, etc. Large compasses |4| of iron are re- 
quired, and calipers [5] for taking the diameter 
of convex and concave objects. 

Brags 1 6] are thin steel ] dates with toothed edges, 
and vary in size and form. 

Floats and Rules. Rules and floats of 
various forms and sizes are employed, and should 
he made of well-seasoned pine, free from knots. 
The Darby |7] has a blade about 3 ft. () ill. long 
and 4 in. or 5 in. wide, and has two handles 
screwed to the back ; it js used for floating 
bays between screeds. A floating rule [9] varies 
from 8 ft. to 20 ft. long, and from 4 in. to 7 in. 
wide. The back is tapered towards each end ; 
it is used for forming screeds and for forming 
surfaces between the screeds. A traversing rule 
is a similar rule about b ft. long, used for forming 
screeds in gauged stuff or setting stuff. 

A featJu r-edge rule [10] may be made of any requi- 
site size, generally about 5 ft. long and 5 in. wide ; 
^t is about 1 in. thick, one edge being splayed to 
about * n - thick. It is used for working and 
cleaning out angles. 

A gauge rule [8] is like a straightedge, but has a 
. notch or sinking formed at one or both ends. The 
double gauge rule is used for forming sunk surfaces, 
the single gauge for forming raised surfaces. 
A parallel rule is used for levelling and setting out 
parallel lines; it is made of various sizes, and has 
its two edges exactly parallel. A levelling rule. [12] 
is made by fixing a wood fillet above the lower edge 
of a lorg parallel rule, on which a level may be placed 
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for levelling soffits. The [dumb rule [13] is similar 
to that used by bricklayers. Running rules are strips 
of wood about 24 in. by J in., planed all round, and 
of various lengths, and are fixed to form guides for 
running moulds. 

Screed rules vary in size, usually 2J in. by 1 in., 
and are used as screeds when laying concrete. 

The concrete float [11] is similar to a parallel rule, 
about 0 in. by 1 in., varies in length, and has two 
hand holes cut in it to facilitate its use. 

Hand fonts [J4J also are in great variety. They 
are mostly formed in yellow pine, except panel and 
mastic floats. The ordinary hand float is about * 
10i in. by 4J in., and J in. thick, with a handle at 
flie back. The cross-grain flA>at [15] is similar, but 
a trifle longer and thicker, and cut with the grain 
across the float, and is formed with a dovetailed 
groove at the back, into which a hardwood key, 
carrying the handle, is inserted, which keeps the 
wood from warping. This is used for scouring the 
setting coat. A skimming float is similar to a hand 
float, but 12 in. to 14 in. long, and A in. thick, and 
is used for laying the setting stuff. Panel floats are 
usually of beech or pear wood about 0 in. by 3 in., 
and A in. thick. They are used for laying and 
smoothing gauged stuff in panels and for mastic*. 
Fining floats are small floats from ^ in. to \ in. 
thick, for working mitres in cornices, panels, etc. 

Other T 00 I 9 . The plasterer's hammer ( 16 1 
has a wood handle, with a steel head, one end ; 
formed like a hatchet, with a nick in the lower, 
edge for extracting nails. Th.'.* hammer is used for 
fixing lathing : the driving end indented. «* 

The hawk [17] is a piece of p ; 'ic about 11 in. or 
12 in. square and g in. thick. IT • sides are splayed 
at the back to about jj in. thickv/ess at the edge ; a - 
dovetailed groove is formed in the back, into which' 
a hardwood strip, on which the handle is mounted* 
can be inserted. The board is cut into two halves • 
down the centre of the groove, and hinged together 
for packing, and in use the strip with the handle is 
inserted, and keeps the two halves rigid. The board 
is used for holding stuff and for gauging small 
portions. 

Joint rules [18] are usually made of a strip of ,- 
steel 3 in. or 4 in. wide, and J in. thick, mounted j 
in a hardwood stock. One end is cut to an acute* 
angle, and this end and the edge are splayed so as to 
give a fine edge;. 

A larry or drag [20] is a three- pronged rake with 
a long, wooilen handle, for mixing hair with coarse 
stuff. Mitring tools [19] are of various sizes and 
shapes, and are of wrought iron or steel ; they are 
usually from 7 in. to 11 in. long, with a central shaft, 
octagonal in form and rather thick, and blades at 
each end. They are used for mitring and for mould- 
ing and cleaning out and stopping ornaments. 

Scratch tools [2fJ are made in a similar manner, 
with a shaft and a tool at each end, and take various 
forms, and are used for carving, mitres of mouldings 
and cleaning up enrichments, and for modelling and 
cleaning models. Plaster small tools resemble mitr- 
ing tools, and are usually made from brass rods, the 
ends beaten flat and filed to the required shape, and 





plasterer’s tools 

1. Square stand 2. Plasterers’ brushes 3. Tool brush 4. Compasses 5. Calipers 6. Drags 7. Darby 8. Gauge rule 
9. Floating rule 10. Feather-edge rule 11. Concrete float 12. Levelling rule 13. Plumb rule 14. Jlaiul float 

15. Cross grain float 16. i lasterer’s hammer 17. Hawk. 18. Joint rule 19. Mitring tools 20. Larry or drag 

21. Scratch tools 22. Scratch 23. Square 24. Laying trowel 25. Panel trowel 26. Margin trowel. 


the central barrel tiled to octagonal form. This is 
14 sometimes bound with waxed thread. They are 
used in shop work for cleaning up plaster- work. 

Planes similar to a carpenter's plane are used for 
levelling and smoothing plaster surfaees. The blades 
Are toothed. 

The scratch [22] may be cut out of a J-in. pine 
board, and is about 14 in. long and 7 in. broad. One 
end is shaped, the other cut into teeth about 3 in. 
long, and the points 1} in. apart. An effective 
scratch may be formed with four laths lixed side 
by side, and pointed, and is used for scoring floated 
* surfaces to provide a key tor the next coat, 
i Sieves, or riddles, of various sizes and degrees of 
"fineness, are made and are used for running lime 
and washing sand. 

Squares, of wood or iron [23], are triangles having 
one angle a right angle, the other two angles generally 
being 45 tf . 

Trowels, Etc. Trowels are also required of 
various shapes and sizes for different classes of work. 
The laying trowel [ 24 ] is a rectangular sheet of flexible 
steel, about 10 J in. by 5 in., with a handle riveted to 
it, sometimes with a single, sometimes with a double 
shank. The panel trowel is similar, but the blade 
is very springy, and about 5 in. £>y 3 in. It is used 
for setting small panels. The gauging trowel is made 
in various sizes, and resembles a bricklayer’s trow r el 
iu form. It is used for gauging small portions of 
stuff on the hawk, and for laying stuff on mouldings, 
niches, stooping small holes in the plaster, and 
similar work. The laying gauging trowd is similar 


in shape, but larger, from 7 in. to 0 in. long, and 
tapering from about 3$ in. to 1J in. ; it is used for 
laying gauged stuff. The margin, trowel 1 26 j is 
somewhat similar, but the two sides are parallel, and 
the end square; the blade is about 3.1 in. by 2£ in. 
It is use:! for laying and polishing margins, styles, 
and similar work. The polishing trowel is usually a 
partially worn laying trowel, but the edges should 
be true and parallel. 

Tubs to contain water for washing sand and 
running lime are required, and may be formed by 
cutting an old spirit cask in half. 

In addition to. these tools, mostof which are special 
tools, the follow ing are also used by the plasterer : 

Files and rasps, of different sizes. 

(hinges and chisels similar to those used for carving 
wood are required for carving and cleaning-up 
plaster, cement, etc. 

A hod somewhat similar to a bricklayer’s hod. 

Knives of various sort- for trimming enrichments 
and angles, and for cutting canvas. 

Spirit level. 

Iron and wood fsiils. 

Saws for cutting running rules and iibrous plaster. 

Screen , as used by bricklayers for screening lime 
and sand. 

Materials* Plaster -of -Paris is manufactured 
from gypsum, which is a sulphate of lime, and 
frequently contains a considerable percentage of 
carbonate of calcium. The gypsum is got by blasting, 
and if dirty, the outer portions arc cleaned, and 
may then be treated by one of two processes. 
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Tlic first is termed boiling. For this, the gypsum 
is first milverised, then finely ground, and then 
conveyed to a large open pan or boiler heated by 
means of flues, and is kept agitated by rakes 
revolving on a spindle. After about half an hour, a 
series of small explosions occur, and the process is 
completed in about three hours, when the gypsum 
becomes more dense and sand-like. It must then 
be turned out of the boiler, cooled, and parked, 
if left too long, it becomes burned, and will set 
only ufter a long time, if at all. Plaster thus 
made is fine, works freely, and is not liable to 
warp. 

The process of baking is carried on in a flat 
kiln or oven, the fuel not being allowed to conic 
into contact with the gypsum. The kiln is heated 
to redness, charged witn the gypsum in lumps, and 
the heat gradually increased and continued until 
the whole* of the water present is evaporated, 
generally for about lfi hours. The material is 
afterwards ground. 

Plaster that has been calcined in lumps sets 
more rapidly than that ground first into powder. 
Good plaster, if squeezed in the hand before use, 
should cohere slightly and retain its form when 
the hand is gently opened ; if it all falls to pieces 
it is a sign that the plaster is injured by damp. 
Plaster is slightly soluble in water, and cement 
which contains plaster to a considerable extent 
must not be exposed in a raw state to the weather. 
Good plaster should not- set with great rapidity, or 
its manipulation is difficult. The compressive 
resistance of good plaster gauged with plain water 
should be about 120 lb. to the square inch., or 
nearly 8 tons to the su]K*rfieial foot, and its strength 
is increased about 25 to 30 per rent, if gauged with 
lime water. 

Limes. The properties and method of pre- 
paring 1imc*j and cements have been already fully 
dealt with. 1 See pages (»48 and 1455. j 

The method of slaking lime for use in plasterers’ 
work differs from that used for bricklayers’ mortar. 
The lime is completely immersed in water, about 
U gallons of W)u°r being used to the bushel of 
lime, and the mass is left till completely slaked 
and then lifted out in pails, passed through 
a sieve, and run into a pit with sides of brick or 
boarding. The material must- be left for at least, 
three weeks, and a considerably longer period is 
advantageous. Lime so prepared is used for 
making Coarse *tn/f. 

Lime putty is formed in a similar way. but is run 
through a liner sieve into a pit lined with coarse 
stuff, and sh uld be left for at least three months, 
and may be kept for a long time without injury if 
protected from the air. 

Sand for lime plaster should be hard, sharp, 
gritty, and free from all organic, matter. It should 
not fee too fine for coarse stuff and floating coats, 
and should not bo too uniform, containing Loth 
coarse and fine particles. Silver sand is used with 
Portland cement where a light colour and even 
texture are essential. Sand for plastering is often 
specified to be washed, and this should always be 
done, if any impurities are present, to secure good 
work. 

Iiair is used as a binding medium, giving tenacity 
to the material with which it is mixed. It is 
usually the hair from the back of oxen, and should 
be long, strong, and free from impurities. It is 
obtained in a dry state in bags and must be well 
beaten up with a couple of laths or light sticks to 
separate the hairs which are found in lumps. 
Goats’ hah la sometimes used, and hair obtained 
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direct from the tanneries makes the best work. 
Hair must not be mixed with hot lime, which 
weakens it, and should only be added to stuff just 
before using. 

Substitute for Hair. Manilla fibre cut 
into lengths of 1J in. to 2 in. has been tried with 
satisfactory results as a substitute for ITair, also 
sisal hemp and jute, which are not quite so strong. 
Sawdust has been used as a substitute for hair, 
especially as additional aggregate for coarse stuff, 
and must be used dry and passed through a sieve 
to eliminate large pieces ; it stands the effect of 
rough weather and frost when used externally. 
Some kinds of sawdust are apt to stain the stuff, 
and these must be soaked before use. 

Laths are thin strips of wood split or rent from 
straight grained wood, generally from Baltic or 
American timber, and are made by hand, the 
advantage of such laths being that the fibres run 
continuously, whereas in sawn laths, thoitgh the 
latter are more regular in form, the fibres may be 
cut across and thus are less strong. Laths are 
usually made in lengths from 2 ft. (> in. to 4 ft., but 
soinetiines longer. They are about 1 in. w'ide in 
the face; single laths are J in. to in. thick ; lath 
and a half, VV in. to j in. thick; double laths, j in. 
to j| in. thick. 

Laths are fixed usually from j in. to jj in. apart, 
depending on the nature of the plaster. In good 
work the ends are butted -where joints occur over 
a joist or quarter, and the line of joints should be 
frequently broken. They arc secured with clout - 
headed nails from J in. to 1} in. long and should 
be nailed at every bearing; the nails may b 
wrought, cut, or cast, and are best galvanised, t 
prevent rusting. When secured to timbers moi 
than 3 in. broad on the face, the latter should liav 
double laths or fillets nailed along the face t 
avoid interfering with the key of the plaster, which 
is formed between each pair of laths ; this is termed 
brandering or counter lathing. For lathing of half 
timber work laths rent from oak are sometimes used. 
Lath and a half should be used for ceiling and 
soffits, and is generally used also for partitions, 
« xcept in rather inferior work. 

Substitute for Laths. Sheets of metal 
variously prepared are now frequently used in 
place of wood laths, and have the advantage of 
being non-combustible. The most usual kinds arc 
r.v/ntnded metal lathing, which forms a kind of 
inset and gives a good key to the plaster; it can 
he obtained in large sheets and can be adapted to 
irregular surfaces. 

Thilmil eo sists of thin steel sheets from 5 ft, to 
fl ft. long and from 12 in. to 24 in. wide, j>erforated 
with sections alternately raised and depressed to 
afford a key; this may be iixed to small iron 
standards in forming fireproof work. 

Dovetailed metal lathing has already been 
described ( page 4750], anti is an excellent sub- 
stitute for w r ood laths. 

Plasterer’s Terms. Plastering is applied 
both to solid surfaces, such as brick, stone, or con- 
crete, and also to surfaces formed by laths laid side 
by side. In ulmost all cases there are at least two 
coats laid on and very often three. On solid walls 
one-coat work is usually described as rendering ; 
t-wo-coat work as render and set or lay and set: 
three -coat work as render, float and set or lay, flout 
and set. On partitions the work is described, if 
one coat only, as lath and plaster or lath and lay ; if 
two coats, as lath, plaster and set or lath , lay and 
set: three -coat worK, as lath, plaster, float and sit 
or lath, lay , float and set. 
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The term plaster, if used alone, is generally 
taken to indicate work executed in plaster of 
Paris. The material in general use, composed of 
lime, sand, hair, and water, is generally termed 
lime plaster ; but there is a good deal of uncer- 
tainty and laxity in the use of plasterers’ terms, 
which vary in different districts. 

Coarse stuff , or lime and hair , or hair mortar, 
consists of 1J parts of sand to 1 of lime putty 
mixed with water, and to this is added beaten hair 
in the proportion of 1 lb. of hair to 3 cubic ft. of 
stuff, and this is thoroughly incorporated with 
the larry. When well mixed in sufficient quantities 
tho hairs should be found about ^ in. apart ; 
and if a little is picked up with the end of the 
trowel, it should cling to it and not drop off. The 
consistency is important, as while it must be plastic 
enough to work, if too soft it will drop off, especially 
in the pise of ceilings. 

Fine stuff or setting stuff consists of line lime 
putty and fine, sharp, washed sand. The proportions 
vary somewhat, but the general proportion is 
3 of sand to l of putty. It may be allowed to stand 
after thoroughly mixing till nearly hard hut not 
dry, and is then knocked up again to the required 
consistency with water or lime water and at once 
used. It is less likely to shrink and crack if used in 
this manner. It may be mixed with colouring 
matter to any desired tint, or with materials that 
will give it a brilliant or marble-like surface ; this 
is done by omitting one part of the sand and sub- 
stituting for it one part of crushed marble, alabaster, 
or spar. Some white hair was often mixed in the 
setting stuff where only hydraulic lime was avail- 
able, which cannot be easily manipulated, but is 
not so often employed now. 

Cauged stuff is a term applied to either coarse or 
tine stuff which has a certain proportion of plaster 
of Paris mixed with it. This is done with the object 
of shortening tho time within which the material will 
set. For coarse stuff and setting stuff one part of 
plaster to four parts of stuff may be used, or a larger 
proportion of plaster up to an amount equal to the 
coarse stuff, depending upon the rapidity of setting 
required and the strength of the plaster. For heavy 
cornices the proportion should not be lower than 
1 to 3, which is also the proportion used with putty. 

Stucco. Stucco is a term somewhat loosely 
applied to various plastic mixtures in Kngland, and 
has been to some extent superseded by Portland 
cement for external work, and by Parian and other 
similar cement for internal work. It differs from 
ordinary throe-coat work mainly in the manner of 
mixing and working the final coat, the first two 
coats being similar to three-coat work. 

Common stucco is composed of 3 parts coarse, 
sharp sand and l part of hydraulic or grey 
lime and a little hair, and is used for external 
work, and the surface is finished with a hand 
tioat. 

Bough stucco is used largely for interiors and in 
imitation of stone. It is formed with three parts of 
coarse sand and two parts of greystone lime. It is 
laid with a trowel, and after being ruled in with a 
straightedge, is scoured with a hand float, and 
afterwards with a felt float, which is an ordinary 
float the surface of which is un planed and covered 
hy a felt pad. The surface of the stucco is patted 
with this, and may be made to resemble the texture 
of stone, and, if required to represent ashlar, joint 
lines may be indented in the required positions with 
a jointer. This work may be tinted to represent 
the colour of stone by mixing with it oclirc or other 
colour with dilute sulphuric acid. 


Trowelled stucco is used for work that is to be 
painted ; the coat is formed with 2} parts to 3 parts 
of sharp washed sand, not too tine, and 2 parts of 
chalk-lime putty, and is laid and traversed in all 
directions with a floating rule, then scoured without 
water, and after an interval scoured again with 
water and immediately after with the trowel, 
which is continued till tho work is so hard that no 
impression is made, and finally brushed over with 
a, soft damp brush. The surface when dry is 
excellent for paint. 

Plaster Work. The method of carrying 
out ordinary three coat work is as follows : the first 
coat is formed of coarse stuff, and applying it to 
walls, partitions, or ceilings is described as pricking- 
up. The material is placed on the hawk, and thence 
transferred with a trowel to its position; in the ease 
of ceilings, it is first worked on in a diagonal direc- 
tion as the laths are stiffer when this is done, and 
each trowelful is partly covered by the succeeding 
one. It must be laid with sufficient pressure to 
force it between the laths to create the necessary 
key. Tho coat is laid as evenly as possible, from 

to § in. thick. 

The first coat on walls is termed rendering , and 
is similar in substance; the walls are well swept 
over with a coarse broom, and thoroughly wetted, 
to prevent the brickwork from absorbing the 
moisture from the rendering. The joints should 
be raked out for a depth of about f in. before the 
mortar is set, to give a good key. 

Tho first coat, after laying on both walls , and 
partitions, must be scratched or keyed * The work 
is allowed to stand for an hour or two till it is firm : 
the scratch is then applied uniformly over the 
surface diagonally and crossed; scratching may be 
best done with a single lath, hut takes much longer 
than with the scratch ; the object of scratching is to 
provide an efficient key for tho next coat. 

Floating. Applying the second coat is termed 
floating. This may be done at any time after the first 
coat is dry, but if it has been left some time, it should 
he swept over to get rid of dust, and a damp brush 
should be passed over it. The material used in this 
coat is also coarse stuff, but it requires to he more 
plastic, and may have rather less hair than first- 
coat stuff. This coat brings the surface of the wall 
to a fairly true face, and must be carefully prepared 
for. The first process is to form screeds, which are 
thin strips of plaster, to serve as guides to the 
floating rule or running mould. In plumbing, an 
ordinary plumb rule may be used, or a line and 
plummet. The first process is to form dots top 
and bottom, unless the skirting grounds are avail- 
able for use in place of bottom dots. The upper 
dots are formed just below the cornice level ; they 
may be formed by nails driven through the first 
coat, and the head left projecting about } in., and 
they are adjusted with the plummet till perfectly 
in line, and their projection gives the proper 
thickness for the floating coat. Tho dots are 
finished by laying narrow “trips of gauged stuff in a 
vertical line with the nails; these are worked down 
with the floating rule till they correspond in thick- 
ness with the projection of the nail. These dots 
may also be formed with pieces of lath about fi in. 
long on a piece of coarse stuff, the thickness being 
adjusted with the plummet. When tho top and 
bottom dots are completed, and are truly in a plane 
not only vertically but horizontally, vertical screeds 
are laid between each pair of dots and worked 
perfectly true with the rule. These vertical screeds 
should not be more than fi ft. to 9 ft. apart, and 
when completed the nails used for dots are extracted. 
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Flanking. When the screeds are hard, if the 
surface of the first coat is seriously hollow in places 
it should have additional material laid oil and scored ; 
then each bay is laid with coarse stuff, which is worked 
upwards from the bottom, and the surface is then 
ruled even between the screeds with a floating rule, 
which carries off any superfluous material. Any 
hollow places must be filled up. This process is 
termed flunking, and is continued till the whole 
wall surface is covered and forms a ]**rfectly true 
plane surface. Even if, as in common work, the 
screeds generally arc not truly pluinmed, any 
salient angles must he so dealt with. Dots are 
similarly prepared for ceilings, and arc* made per- 
fectly level with the help of the levelling rule, and 
screeds are then formed and the flanking com- 
pleted. At angles the float cannot work close, and 
a seam is left ; this is trimmed off square with the 
laying trowel after all floating is complete. 

Scouring. Scouring the floated coarse stuff 
hardens the surface and prevents cracks in it and in 
the setting coat. The floated material is allowed to 
stand till the moisture has evaporated from the sur- 
face and it is firm. Scouring is carried out by a hand 
float, which is pressed hard upon the material and 
passed rapidly over it with a circular motion. The 
float is held in one hand, « stock brush in the other, 
and with it the surface is sprinkled : any small 
hollows left hv the float may be filled in, and the 
whole surface should be treated in a uniform manner. 
A second scouring, and in very good work a third, 
may take place after an interval of from three 
hours to five hours, and the last scouring is con- 
tinued till there is no moisture oil the surface. 
Scouring is not required for Portland cement or 
when this coarse stuff is mixed with hydraulic 
lime. ' 

Keying. Tile effect of scouring is to leave the 
floater! surface smooth and close, and if the thin 
setting coat is laid on this, adhesion between the two 
is apt to be imperfect : after scouring, therefore, the 
surface must be made rough to secure the necessary 
key. This is done by brushing the surface as soon 
as scoured with a stiff whalebone broom, or by the 
use of a unit float which is an ordinary float having 
the point of a nail projecting from it about J in., 
or with a devil, which is similar, hut 1ms four such 
points, one near each angle. This Hfol should be 
worked with a close circular motion, and scores the 
surface, thus providing a key for the setting coat. 
Dorn ices are run before the final or setting coat is 
1-lid, but the work on this coat will be considered as 
following on, and cornices dealt with later. 

Setting Coat. The material used for the set t ing 
coat is fine xtufj or setting duff, and has been already 
described. It should not be applied till the floating 
is well set and nearly dry : hut if it has become 
quite dry it should be well wetted a day or two 
before the setting coat is applied. The setting is 
laid in two coats, one directly after the other, and 
both coats arc laid w ith a skimming float. As soon 
as onfe Avail, or bay, is completed, it is scoured, 
fVowelled, and brushed. 

Scouring is carried out with a hand float, and 
water is applied with a stock brush. After a short 
interval the operation is repeated, and it is finally 
scoured with a cross-grain hand float, with a 
sparing use of water, and is continued till an even 
close-grained surface is secured. This work is 
followed up by towelling, for which the work is 
again sprinkled and the trowel well worked over 
the surface, which is afterwards brushed over with 
a wet stock brush, and finally with n half dry one. 
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The thicknoss of the setting coat is usually about 
J in., and if the wall is required for painting, screeds 
may be used for the setting coat. 

fn the case of second-class work, the setting coat 
is laid as a single coat, scoured and trowelled once 
and brushed over, and in inferior work the coat is 
very thin, formed of quick-setting stuff, and is 
then trowelled and brushed. 

Internal angles must be carefully squared and 
made true with a cross-grained float. External angles 
may be treated in various ways, beaded or moulded 
or finished with an arris. Sometimes a wood head 
or wood bullnose is used to form the angle. The 
circular bead is fixed to the walls, and the floating 
coat is cut away on each side to form the guide 
when the setting coat is laid. Unless the angles are 
in wood, they arc usually in Parian or Keen's 
cement, and this material is returned on each 
face for about 2 in. The floating is cut away to a 
square line down to the brick, which is dusted 
and wetted, and the head or arris is then run. 
running rules having been fixed on each side; the 
edge of the return forms a finish for the setting coat. 

Working Keen's, Parian, and Martin's 
Cement. These cements are largely used for 
plasterer's work in place of ordinary lime plaster. 
Much economy of time may be effected by their use. 
and they may also be painted, papered, or distem- 
pered as soon as finished. They work easily, and 
give a very smooth, hard surface, and when not 
used generally for plastering, are very usually em- 
ployed for salient angles and similar purposes. 
They will not, however, resist the effect of moisture, 
and are not therefore suited for external work ; 
if used in internal walls that are in any way damp, 
such walls must first he rendered in Portland cement. 
Care must he taken to see that they arc used without 
addition of plaster, which may cause them to swell 
The cost of these cements is higher than that of 
plaster. In the case of lathwork, the nails used 
must be galvanised, or otherwise protected from 
rusting, and all nails used in forming dots must 
he extracted. For first coat and floating on ceilings 
file proportion used are 1 of cement, 2 of clean, 
sharp sand, and hair in about the proportion used 
for lime plaster : for walls a little more sand may 
be used — about 2 of cement to 5 of sand. 
A coarser form of cement is used for the earlier 
coats than for the final coat. Where it is not desired 
to proceed rapidly with decorating, the walls 
may be rendered and floated with Portland cement 
and sand, used in the proportion of 1 to H: 
this' is more economical, but generally results in 
a white efflorescence appearing on the surface, and 
must be given time to dry out before the surface 
can be painted or otherwise treated. 

The materials must he carefully mixed dry and 
then the waiter added and finally the hair, which 
should be first beaten and soaked. The material is 
used fairly stiff, and it is important that any 
work begun should lie finished on the same 
day. The first coat when finished is scratched, 
and should stand for about 20 hours before floating- 
The screeds for the floating coat are generally 
narrow, and the sides are cut square, and the 
material, when these are sef, is ruled in with a 
floating rule till the surface is ]>erfectly even and 
true, and when firm it is brushed over with a 
coarse broom to provide a key. 

For the finishing coat a fine cement is used ami 
generally worked neat. It is first gauged smooth 
and stiff and may have additional water added 
afterwards to reduce its consistency if necessary : this 
coat should not exceed \ in, in thickness and must 



BUILDING 


be carefully ruled till perfectly true. It is laid gener- 
ally in two coats, the first fairly stiff, and after this 
lias been ruled, additional cement gauged less 
stiffly is laid and ruled. In about an hour or so 
it becomes firm, and may then be scoured without 
much water, the operation being twice repeated to 
secure a firm, close, even surface. Trowelling follows 
on soon after scouring, very little water being used, 
and this operation is also twice repeated. 

Preparing for Cornices. Cornices must 
be provided with some kind of core to which the 
plaster can be applied. In the case of external 
cornices this may be of rough stone or brick built 
into or corbelled out from the wall, which should 
conform closely in its outline to the finished lines 
of the cornice. For internal cornices the pre- 
paration will depend on the size of the cornice and 
its form. When the projection is small, a series of 
spikes may be driven into the wall, the heads being 
left projecting to the extent required to form the 
mouldings and tarred bands twisted between them ; 
but where the section of the cornice has a consider- 
able projection, brackets are used cut from boards 
and fixed at intervals in the angle between ceiling 
and wall. These are afterwards lathed with ordinary 
laths or with metal lathing. These brackets 
should be cut to such a shape as to secure that 
the thickness of the plaster should be approximately 
(*(pi il throughout. This cannot be secured at every 
point., but should he aimed at ; if thinner, the 


a dovetailed groove, into which the stock is fixed by a 
wedge and secured with nails. The handle or stay 
is formed out of a square piece of wood the angles 
rounded off in the centre; the ends are splayed 
and fixed, one to the stock and one to the slipper, 
so as easily to clear the moulding when grasped by 
the plasterer’s hand in working. When the mould is to 
have considerable use, the nib and each end of the 
slipper may be protected by a piece of zinc or leather. 
A splashboard is sometimes added, and is fixed be- 
tween the back edge of the slipper and the stock. 

In preparing a naming mould for nn enriched cornice 
the enriched members are omitted and a bed sunk for 
them which can bo run with the other mouldings and 
into which the cast enrichment is afterwards inserted. 

Running Merced* are prepired on the walls as bear- 
ings for the mould, and the running rules arc then fixed. 
These are long strips of wood 2i in. to 3 j in. broad 
and J in. thick, planed all round, and fixed against 
the screeds, and form guides for the running moulds. 

The mouldings are first roughed out, and then 
finished with a line thin coat, and for this roughing 
the running mould which gives the finished profile 
must be muffled — that is, the edge of the mould 
must be covered to an extent equal to the thickness 
of the final coat. This may he done by gauging up 
plaster and covering the bevelled edge of the stock 
with it till the plaster projects about | in. beyond 
t he plate, and, when it has set, trimming it down to 
about V'.t in. projection, which will leave sufficient 
thickness for the finishing coat. Another 



method is to provide an extra muffling 
{dale, cut to the requisite profile, and 
screwed over the plate. When the mould- 
ing has been roughed out, the muffling is 
removed, and the plate used for finishing. 

Running Cornices. Where brack- 
ets and lathing are used, the laths are 
often coated with gauged coarse stuff 
and scratched before the screeds for float- 


ing the walls are prepared. This dries and 


27. RUNNING MOULD 

plaster may crack ; if thicker, it is wasteful, and 


stiffens the lathing before the mouldings 
are roughed out. With large mouldings, 
and when metal lathing is used, the whole cornice 


unduly loads the brackets. Any small mouldings is roughed out with gauged coarse stuff. This must, 
projecting considerably from the general lino may be laid on in regular thickness, the form of the mould- 
be strengthened by the use of projecting nails. ings being built up as nearly as possible wjth the 


The actual section of the bracket must be varied 


trowel first, and the muffled mould is then run over 


for a plain and enriched cornice, even if of the the mouldings, carrying off any superfluous material; 
same profile, as the enrichments cannot be run, but any hollow parts must he filled in, and the whole 
must be cast and a bod formed for their insertion. cornice brought to a true and uniform profile 


Cornices. Cornices are formed by means of a 
running mould [27] cut to the profile of the proposed 
mouldings. The actual mould for forming the profile 
is now usually of zinc, except in the case of Portland 
cement mouldings, when iron is often used. The 
thickness of the zinc may be about To in. or a little 
less, and the zinc profile, or plate, is fixed on a wood 
backing, or stock, which in turn is fixed to a wood 
date, or dipper, and supported by stays which form 
landles. The plate is marked with the desired 
profile, cut, and then filed perfectly true, and is 
usually about 4 in. or 5 in. in width, and has squared 
ends of about 1£ in. corresponding with wall and 
ceiling surfaces. All woodwork is carefully planed : 
the stock is cut to a profile corresponding with the 
plate but set back about -fa in. except at the nib, or 
upper edge, which bears on the ceiling, and the toe, 
which bears against the wall and assists the plate 
to run freely. The edge of the stock is splayed back 
from the plate still further ; the stock is made 
wider than the plate, which is screwed or nailed 
it ; the bottom of the stock is fitted into the 
slipper, which is carefully squared and grooved with 


throughout ts length. 

Finishing Cornices. The gauged stuff for 
finishing must bo prepared on a clean gauge board. 
The plaster and water arc first mixed, and the putty 
afterwards added; the stuff is laid in the cornice 
with a gauging trowel, following the form of the 
mouldings ; the mould is run along bv one man, 
except in the case of very large mouldings, when 
two may be necessary. Any members of the cornice 
not properly filled out must be fed with additional 
stuff, and the operation goes on till the cornice is 
complete. Finally, a thin ront of fine putty, gauged 
with less plaster, is drawn over the mouldings, and 
the mould is quickly and steadily drawn along the 
whole cornice as a finish. 

Mitring. Where two walls meet at either an 
internal or external angle the cornice on these walls 
meets in a mitre line. This section cannot be run 
with an ordinary mould, and though mitre moulds 
are sometimes employed, these ungf&i are, as a rule, 
made by hand, and are mainly worked with the 
joint rule, the smaller members and those at the 
top and bottom being first worked, and the larger 
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members ruled in afterwards. Small tooU are used 
for laying in the stuff, cleaning out the intersections, 
and stopping any small holes. 

Fixing Enrichments. In the case of a 
cornice which is enriched— that is, in which the mould- 
ings arc cut on t he face, and are not therefore uniform 
ill section, the enriched members cannot he run, 
but a sunk bed is formed for them, and the enrich- 
ments are east in blocks and sot in the finished 
cornice. The beds are scratched when formed, and, 
for fixing, the lied is dusted and wetted. The fixing 
stuff, which is line gauged stuff, is spread thinly 
over the bed to fill up the scratches, and over the 
back and sides of the cast; and the heading 
joints are covered with a little tine plaster gauged 
with size water. The east is then inserted in 
position, slid backwards and forwards to drive 
out any air, and then the next length is similarly 


Rough Cast. Hough cad is a method of finish- 
ing external walls, and may be used for plain surfaces 
or in conjunction with timber framing ; it is also 
known as pebble dash . It is a very durable form of 
plastering, and produces- a surface of a rough texture, 
much superior in effect to a smooth plaster face! 
When executed in lu thing, the laths used should be 
double laths. The first coat is formed with coarse 
stuff having a liberal amount of hair, which is 
scratched ; or the first coat may be formed of 
Portland cement in exposed positions. The second 
coat is also of coarse stuff, well worked to an oven 
consistency, and not applied till the first coat is 
thoroughly dry; this coat is laid fair, and while 
still soft the final coat is applied. 

The final coat is usually formed of shingle or fine 
gravel, well washed and passed through a sieve from 
i in* to 2 ,n - mesh, and put into a tub containing 



1 rented. (Peat care is required in setting out any 
enriched memlievs so that they shall repeat an exact 
number of times in a given length, and any necessary 
adjustment must he made so as to secure a proper 
mitre. This i* arranged for as far as possible in 
the shop. 

Such easts are usually made in moulds of gelatine ; 
socially prepared wax and plaster are also employed 
for making moulds for easting plaster ornaments 
and enrichments, hut the details of their prepara- 
tion cannot be entered upon in this article, which 
deals with the work more directly connected with 
actual building nitrations. Moulded work is not 
confined to cornices, but may be used in many other 
situations, especially in ceilings [28 f and informing 
panels and other enrichments for walls. In the case 
of elaborate moulded ceilings, especially where the 
mouldings are small and not run in straight but 
in curved lines, these inny lie cast in moulds and 
applied as described for cornice enrichments. 


hot hydraulic lime, mixed with water into- a fluid 
state and well stirred. The shingle is taken out a** 
required, and thrown or dnsheri evenly on to the 
soft second coat with a scoop, or hollow trowel, and 
forms a rough hut regular surface. Ochre or other 
colour may bo mixed with the lime to give a tint 
to the rough cast surface. 

Repairing Plaster Work. Where cracks 
in ceilings are only slight they are often merely 
stopped before the ceiling is rewhitened, blit large 
cracks and loose plaster must l>e carefully cut out; 
care must be taken not to disturb adjacent work, and 
in forming patches sharp angles are to be avoided. 
The edges of the old work must, bo cut neat and 
square, and in some caws the lathing may have to 
be made good before re plastering. The edges of 
the old work must be wetted, and the laths just 
damped after dusting. The repair is generally 
executed in gauged coarse stuff ana gauged fine stuff, 
or in best work with Parian or Keene’s cement. 


Plastering a minded ; followed by Internal Plumbing 
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MAKING MILLINERY BOWS 

The Art of Making Effective Bows and Rosettes of all Kinds. 
The Butterfly and Alsatian Bow. Chiffon and Tulle Rosettes 


Group 9 

DRESS 


routinueil from 
pngo fci.'LJ 


By ANTOINETTE MEELBOOM 


1 WIILLINERY bows are made in a great number 
* * * of chapes and sizes. They may be made of 
silk ribbon of an immense variety of kinds and 
widths, velvet ribbon, lace, pieco velvet, chiffon, 
tulle, straw, kid, braid, beaver, cloth, etc., but 
each bow is made on the same general principle. 
Before using new ribbon, it is better for an 
inexperienced worker to practise on a piece of 
muslin, or even tissue paper, cut in strips the 
width and length of the ribbon ; for when once the 
ribbon is creased, it cannot very well be altered 
without taking away the freshness of its appear- 
ance. By practising in this way, the beginner 
will obtain that lightness of touch, quickness, 
and “finger-knack” which is so necessary in all 
millinery trimmings, and especially in how- 
making. She will, in a short time, produce hows 
which would be a credit to an experienced milliner. 

Bows are always made by hand before they 
are sewn on, except in the case of large hats 
with a bow or rosette at each side and a piece 
of ribbon going across the centre. 

When making the bow, the hat for which the 
ribbon is needed should be in front of the worker, 
to get the size and effect. Bows are best made 
from one length of ribbon which is not 
more cut than necessary, unless a bow 
with many ends is required. 

A bow, although it should appear to v 
be untouched by hand, must yet be firm. 

When buying ribbons for bows take care yy)B 
(hat the assistant docs not crease up A F 
the ribbon to show how it will look, as f | 
the crease may happen to conic across (;■ / 
the widest part of the loop. The 
following characteristics of a 
well-made bow should be noted: 

Pleats should be even, tine, and £ 
straight ; |J 

Each loop and end brought 
back to its root or starting point, ^ 
find the bow made in one piece, if 229 

possible ; 

The ribbon kept fresh -looking, 
free from twists find any re- [4: 

arrangements ; 

The size of loops made in 
accordance with the width of the V 

nbbonj 128-130. 1 

1 he wire (if used) firmly fixed, 
and the ribbon sewn lightly to it, free from strain. 

We shall first make a few bows which never 
go out of fashion. To keep up-to-date in the 
latest shapes of bows it is necessary to study 
the fashions prevalent at the time. Those who 
have an opportunity of visiting trade houses will 
have a great advantage. Otherwise, careful 
observation of the best milliners’ windows, of 
well-dressed people in the parks and promenades. 


128-130. A SIMPLE BOW 


of ladies’ magazine advertisements, will help the 
milliner to see what is most in vogue. Even if 
she has no originality, she will at least bo able to 
copy, after practising the instructions we shall 
give. 

The quantity of material required for a simple 
bow is j yd. of 5-in. wide ribbon. Start at one 
end -- not in t he middle. Hold the ribbon in 
the right hand, and with the left pleat it firmly 
and evenly. 

Bind it tightly round the pleats with mounting 
wire, inserting one end of the wire in the pleat ; 
or with cotton, using a strong needle and No. 10 
cotton. Insert the needle once through the 
pleats and turn the cotton round tightly three 
times ; put the needle through again [128]. 

Gauge the length of the loop by the width of 
the ribbon — the wider the ribbon the longer the 
loops. Pleat the ribbon evenly , and bring the 
pleated part back to the centre, and bind it 
tightly with mounting wire or cotton, having the 
loop opposite the end just made [129J. This 
centre is called the root or waist of the bow. 

If there is a right and wrong side to the ribbon, 
as there is in velvet ribbon with satin back and 
most ribbons with patterns on them, 
/T/f ft a sharp twist to keep the right 

Y/yc/ side up, before making the second loop. 
YsS To pull up the loop, place the forefinger 
inside. Nevor crease or touch bows more 

128 than is just necessary to secure them, 
v ,/" Make another loop in the opposite 
N/ direction, which will place it on the top 

. V of the first end, and for this simple bow 

make it the same length as the first 
loop, bringing it back to the root 
or starting point, (hit off the 
^ ^ , ends slantways, or fray them out. 

A The triangular piece cut from the 

^ ' Sj first end will make the tie-over. 

\jY Turn in cut edges, twist it over 

f the root, and neatly finish off at 

the back with a few stitches [130], 
On this principle all other bows 
art', made. They may be varied by 
^ having several loops of different 
lengths, hut they are always placed 
™ alternately right and left to the 

IMPLE BOW r0< ^* . ... ,. a . 

Good ribbons require no stiffen- 
ing, provided the loops are not too long. 
Large bows of wide ribbon, and all soft ribbons, 
require wiring. Use support wire or ribbon 
wire, shredded. ‘ Of the last, use each strand 
of the wire separately, which can easily be 
done by tearing it along the soft part. Wire- 
stitch it along the centre, and zig-zag it for 
wider soft ribbons. Use very fine sewing silk 
to match the ribbon, and let the stitch taken 
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through be hardly visible [131 and 132], In the 
same way, coloured support wire to match the 
ribbon can be us< 
to manipulate, 
but a lighter 
effect is obtained. 

Ribbon wire 
can also be used. 

Place the end of 
the ribbon wire 
inside the centre 
pleat, bring the 
needle through, 
bind it round 
with cotton, and 
take the needle 
through again. 

Gauge the length 
for the loop, and 
allow the same 
length for the 
ribbon wire; 
bind it over with 
the ribbon, and 
stitch it and 
bind round the 
root of the bow. 

Be careful not to 
strain the ribbon 
tightly o n the 
wire. 

Secure the wire 
at the back with 
silk to match the ribbon, just below the top of 
the loop. 

Upstanding or broad ends should be wired half 
way up, never quite to the top. Tn some cases 
the ends are wired along one or both sides of the 
ribbon. 

A butterfly how [133 and 134] can be made in 
rather narrow width ribbon, in which case it will 
be used for bonnet trimming. It. has two loops 
and two upstanding ends, shaped at the end as 
butterfly wings. It also makes a handsome 
trimming for front of hat if made of a ribbon 
9 in. to 10 in. wide, or a piece of silk. 

Start this time with a loop, pleating each side 
separately. Make another loop in the opposite 
direction ; then another standing up in the 
centre, turning in the end inside, passing the 
cotton used to secure the bow at the root through 
and through the loop. Place the tie through the 
centre loop. Cut this slantways [134], and shape 
the ends like butterfly wings. Quantity of ribbon 
required is § yd. of 2-in. wide ribbon velvet. 

A tied bow [135] has as many loops of various 
sizes as desired, but only two ends, and is made, 
including the tie-over, in one piece. It is useful 
fl>r children’s washing hats and bonnets, and for 
various other millinery items. Keep the first and 
second loop the longest, graduating the length of 
each pair of loops. Begin with an end, next a 
loop 12 in. long, in opposite direction ; another 
loop the same length, opposite the first, 12 in. 
long ; then two loops 9 in. long, and two loops 
0 in. long. Take the remainder of the ribbon, twist 
it round the root, and pull the end through 
the twist at the back, and the bow is finished. 
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This bow can be made without the use of any 
cotton or mounting wire ; the loops are kept firmly 
in place with the fingers till the tic-over — that 
is. the second end— secures them. Quantity of 
ribbon required is If yd. 5 in. wide. 

The Alsatian bow [138] takes 1] yd. of 3-in. 
wide ribbon. It is made of four loops, has no 
ends , and a large broad tie-over. Loops Nos. 1 
and 2 are 12 in. long ; loops 3 and 4, 10 in. long. 
These are used frequently for nurses’ bonnets, etc., 
the loops reaching from ear to ear from the centre 
of the bonnet, only once pleated in the centre. 

Fancy bows [141 and 142], with more than two 
ends, and more than two or four loops, arc made 
on the same principle as described, several of 
the loops being cut after the bow is made. If 
upstanding ends are required, the tie-over is 
taken round them, and for a flatter trimming the 
tie-over is taken in the centre in the usual way. 
Two and a half yards is the very least quantity 
which can be used to trim a hat satisfactorily; 
if it is to be its sole trimming, 3J yd. is an 
average quantity. For ruches, loops, and 
rosettes, more is required. 

Ends of bows may be frayed [137], cut in 
wing 1 138], mitred [139], or cut to fishtail shapes 
1140]. The ends are sometimes vandyked, or 
treated in some other fashionable way. 

Kilting the ribbon [143] makes pretty, 
effective hows or rosettes. Plain ribbons look 
better kilted than brocade, ohene. or fancy 
ribbons. Mixing ribbons of different tones of 
the same colour makes smart bows. In the good 
French ribbons at least three shades of the same 
colour can be obtained, toning gradually from 
light to darker. 

Piero velvet bows J 145] are made of velvet cut 
on the cross and 
the edges roll- 
hemmed. The 
loops arc pleated 
ns in r i b b o n 
bows ; but as 
velvet is so much 
thicker, it should 
be twisted as 
little as possibh' . 
and if a large 
bow is required, 
it must be math’ 
in two parts. 
About $ yd. on 
the cross is re- 
quired, and the 
tie-over should 
be neatly made. 

Bows of straw, 
braid, etc., are 
made in the same 
way. Lace inser- 
tion sewn between 
the rows of straw', 
or gauged tulle, 
chiffon, or silk all 
make pretty 
variations of bows. Two or even three colours of 
straw worked in one bow or rosette are also very 
effective [ 144 ], 


d. Tt is a little more difficult 



THREE STYLES OF BOWS 
131 ami 132. Wiring the 1 row 
133 and 134. Butterlly Im>w 
135, A tied bow 138. Alsatian bow 



137 138 139 140 



142 


A FANCY BOW AND ENDS 
137-140. Bow ends 
141 and 142. Fancy bows 
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In stitching bows to the hat, stitch firmly, 
stabbing the needle in the hat through the back 
part of the tie-over. Tie inside. Catch each loop 
to the brim with an invisible tie-stitch in a 
becoming position. 

Rosettes. Rosettes are made in ribbon, lace, 
tulle, silk, velvet, or straw. Like bows they are 
continually changing in style, and even a greater 
variety and greater originality is displayed in the 
last new ones. Tho following are a few of the 
standard styles, which always remain in vogue. 

The loot) rosette [148] consists of a succession 
of loops each mado independently, but all coming 
back to the centre or starting point ; 1$ yd. 
of 7 in. w ide ribbon is needed. Start with a loop 
7 in. long. Pleat the ribbon and tw'ist round the 
cotton at one end as in diagram 128 ; take the 
ribbon over the forefinger and pleat at 7 in. 
Then bring it back to its starting point and twist 
round the cotton, which will form the centre or 
root. Make five, seven, or nine loops, each being 
brought back to the centre and the cotton twisted 
round. The number of loops depends on the 
width of ribbon and size of rosette desired. 


velvet ; run the raw edges together with strong 
cotton and pull it up tightly. Sew it to a 
foundation ; do not skimp the outside edge, and 

finish it off neatly 

bon rosettes are 

143 tho same way, ex- 

cept that the rib- 
bon is, of course, 
on tho straight. 
Gather it cither 
along one edge or 
t h r o ugh the 
centre. Pull the 
cotton up tightly. 

For silk rosettes, 
if not used double, 
roll hem-stitch, 
tuck, or bind one 
FANCY BOWS edge to form 

4 A n 1 - 11 .. .1 1 , AAA Cl A. 1 ° 



143. Killed bow 144. Straw bow 

145. A piece velvet bow tile trimming. 


crush 


Arrange the loops in circular order, finishing 
the last one in the centre, unless an ornament, 
floral, or other fancy centre is going to be made 
[149]. Be careful the loops are close together, for 
if each loop is not stitched to the starting point 
a gap will bo left between, taking away the 
rounded, full look. The name “ chou ” is some- 
times given to this rosette when made very full 
and with rounded top. Most of the other kinds 
of rosettes require a foundation to which to sew the 
loops. For this cut a circle, about 3 in. in diameter, 
of buckram or double French net [148]; w ire 
round with support wire, overlapping the ends for 

2 in . , and bind with sarcenet ribbon. Another way 
of making a rosette is with very small loops only 

3 in. in entire length, sewn on a foundation, round 


a n d r o u n d. 1 1- 
takes 4.} yd. of rib- 
bon for each rosette, 

and has a flat up- mtESgMKff 148 

For crossway silk MS 

or velvet rosettes 
[147] cut the velvet (A 

or silk twice the _ fy 

width required, and 
let the length be 
according to the 
width and size of 
rosette. The nar- 
rower the velvet the 
smaller the rosette, 
and vice versa. One 14° 
crossway length of 
velvet of about £■ yd. 
long and 3J in. wide 
makes a small 
rosette suitable for rosettes 

a bonnet, or to fill 148andl49. Loop rosette 
up a small space on 147. Crossway rosette 
a bandeau at the 148 . Foundation for rosette 

back of the hat. This size can be made with- 


out a foundation, and two lengths are better 
than one. To make this, shade and join tho 


rosettes of velvet or silk cut a circle of velvet 
or silk from 9 in. to 20 in. in diameter [154]. 
If tho velvet or silk be soft, use a light 
leno or book-muslin for interlining. Gather 
it all round, draw up to tho circumference of 
foundation. The centre will fall in light folds 
and puffs, which secure here and there to the 
foundation with the tie-stitch. The better tho 
quality of the velvet, the lighter the rosette 
will look, and the fewer the stitches needed to 
keep the puffs in place [150]. 

Odd bits and cuttings of velvet or silk of any 
shape or size can be used for this rosette, gathered 
up round the edge and sewn in. 

For baby ribbon rosettes [151] mark on a piece 
of net a circle the size of a shilling. Make each 
loop by folding the ribbon over the finger, and 
stitch it to a foundation on the outside of the 
circle marked, then another circle just inside, and 
so on until the foundation is covered. Finish in 
the centre with three upstanding loops. Quantity 
required is 8 yd. 

There is another method of making these 
rosettes — without a foundation. Wind the 
ribbon entirely round a card 1J in. w ide and 
about 7 in. in length. Let each loop just 
overlap the last, and rlo not wind tightly. With a 
needle and strong cotton run through the top of 
the loops, carefully picking up each one. Slip tho 
ribbon from the card, removing the loops in suc- 
cession, draw up tightly and fasten off securely. 

Chiffon rosettes [156] need 1£ yd. of double- 
width chiffon, cut through the centre selvedge 
way. This will make two or three smaller size 
rosettes. 

Make a fold the width required; pin this 
down, and make another narrowor fold, and pin 
again. Run two or three gathering threads 
through all the folds at tho bottom, draw up 
tightly and stitch together ; finish off the centre 
with an ornament. Pull out each fold to produce 
a full, rounded appearance. 

Chiffon, net, or tulle rosettes are made w’ith the 
material cut on the straight ; run the tw o raw’ 
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edges together, draw up, and wind round from 
centre outwards. 

For lisse, net, or tulle, the cut edges are 
sometimes turned to the centre, box-pleated 
there, and drawn up. The wider the rosette 
the greater the amount of fulness required, 
as it will want more material to set without 
skimpiness round the outside edge. Avoid 
showing raw edges, and finish off the ends 
neatly. 

Tulle rosettes take 2 yd. of double- width 
tulle and (> yd. of lace insertion, \ in. wide [155]. 

Cut the tulle in strips 9 in. wide, fold them 
in half, and sew the Lace on to the fold so that 
it stands out well, (bather the two cut edges. 
The Lace can be sewn on about J in. from the 
“ centre edge.” Tulle rosettes sometimes have 
their folded edges cut after they are drawn up ; 
it gives a pretty, fluffy 
appearance, though they 
do not. wear so well. 

A cockade rosette 
[153] for bonnets or 
toques, requires IJ yd. 
of 8-in. wide ribbon ; 
if two shades are used, 

J yd. of each is enough. 

Kilt the ribbon and 
make three ends; wire 
at. one edge, unless a 
firm silk ribbon is used, 
and make two small 
loops and a tie- over. 

For a drawn silk 
rosette [152] cut £ yd. 
of crossway silk in two 
lengths; join them in a 
circle. Run J in. tuck 
along the edge and an- 
other through the cent re. 

Insert a cotton cord in 
each, and gather cut 
edges tightly to form the 
centre, which is finished 
with an ornament. Secure 
outer edge to foundation, 
also the second cord. 

Kid, braid, or straw rosettes are made in the 
same way, but. each of these requires a foundation. 

Rosettes should be sewn to the hat, if possible, 
through the centre, or between the loops or flutes. 

Hat Trimming. To sew on feathers, nip 
off any superfluous length of wire and bend 
up the remainder, which should be bound with a 
small piece of cross way velvet to prevent the 
cotton slipping off the stem or wire when 
sewing the feathers on. 

When a quill end or fancy sheath is used, do 
' not bind the end of the feather, but slip the 
stem in the sheaf, and sew through the quill 
end or the holes in it. Tie the cotton about 2 in. 
from the end of the feather on the underside ; 


leave the cotton loose for about 1 J in., and tie in 
position to edge of brim, or wherever it is required 
to fall. A feather should never be fastened 
tight down to the brim. When it has to be 
stitched to a velvet hat, first sew it to a piece of 
stiff net, which can be secured to the hat more 
firmly and with fewer stitches. A buckle, 
ornament, or some other kind of trimming must 
neaten the end in this case. 

Feathers on laec or net hats are sewn to one 
or more wires ; a piece of stiff net. is placed at 
the back and the stitching taken through. Some 
feathers require to be wired down the stem, 
to make them retain their position. In this case 
use support wire, and nip round the end, making 
a small loop. The wire should leave off about 
2 in. from the end. 

Wings and quills are stitched securely at the 
base. Quills may even 
have a stitch taken 
through the stem, which 
can be done by using 
a No. 3 “ between " 
needle. If wings an* 
padded, secure them 
through that part. Sew 
the ends in position with 
the tie-stitch. 

Jet and fancy orna- 
ments, such as buckles, 
clasps, etc., must be 
always stitched in Ihc 
centre as well as on 
each side, to prevent 
their slipping sideways. 

Birds, if worn, must 
be firmly sewn to u 
wire, which is generally 
fixed at the back. There 
is so much choice in the 
manufactured w i n g s 
and quills made from 
poultry feathers, neatly 
mounted and dyed to 
any colour and shape, 
that there is no need to 
use the aigrette of living 
birds. Such ornaments will never be worn l»v 
the woman who takes the trouble to learn at wlmt 
cost these things are collected and prepared. 

To stitch on flowers or wreaths, cut off any 
unnecessary length of stem and bend up the 
remainder. Stitch the flowers firmly to the hat 
by taking the stitches over and over from side 
to side of the stem and cutting off those that are 
not needed. Arrange the flowers and foliage 
in position, and tie-stitch them to hat. 

A trail of flowers is caught here and there 
with the tie-stitch very loosely to the shape. 
Coloured cotton to match must be used. N«< 
stitches should show, and the trimmings should 
look as if they are “ laid ” on the hat. 


Continued 



SOME EFFECTIVE ROSETTES 

150 un<H 54. Velvet rosette 151. Baby ribbon rosette 
162. Drawn silk rosette 153. Cockade rosette 
165. Tulle rosette 166. Rosette of eb ifFon 
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By F. S. HUDSON 


T UTS article is the concluding one in our textile 
series. We then proceed to study the theory 
and practice of dyeing. A fitting conclusion to 
our textile study will be a consideration of textile 
calculations and a concise summary of the prin- 
ciples of textile design, with a list of the best 
textile books, which may he recommended to 
those who wish to pursue the subjects of textile, 
theory and practice into detail. 

Calculations. The worsted count of yarn is 
based on the number of hanks or lengths of 500 yd. 
each which weigh J lb. avoirdupois. This is sig- 
nified by writing the number opposite the colour 
of the yarn — aH 44 */12 black worsted,” which 
means there are 12 hanks or lengths of 500 
vd. each which weigh 1 lb., so there will be 
500 x 12 0,720 yd. of yarn in 1 lb. of this 
material. In a yarn which was numbered -/24 
worsted, it. would have just the same number of 
yards per lb. as the above yarn, because it would be 
composed of two threads of '/24 yarn, which is equal 
to one thread of l /I2 yarn. It is written 2 /24 to show 
that it contains two threads of J /24 instead of being 
composed of one thread only. To arrive at the true 
count, it must be divided by the number of threads 
which make up the yarn — that is, 24 2 -- 1 / 12 

worsted. 

Cotton yarn is calculated on the number of hanks 
or lengths of 840 yd. each which weigh 1 lb., with 
the same rules as apply to worsted. Yorkshire 
skein woollen yarn is based on the number 
of hanks or lengths of 25b yd. which weigh 
1 lb. If 10 hanks or lengths of 250 yd. each, 
woollen, weigh 1 lb., it is 10-skein yam ; also, if 
10 yd. of woollen yarn weigli 1 dr., it is 10-skein 
yarn, because 1 lh. avoirdupois contains 250 dr., and 
one hank of Yorkshire skein woollen yarn contains 
250 yd. Spun silk yarn calculations are based on 
the number of hanks or lengths of 840 yd. each 
which weigh 1 lb., but with this important distinction, 
that however many threads go to compose a spun 
silk yarn, the count is signified by the lirst number. 
40/ u , 40/'*, 40/ 4 spun silk are all the same thickness, 
although the first is composed of two threads, the 
second of three threads, and the third of four 
threads respectively. 

Testing the" Counts. For testing the 
counts of worsted yarn there is a small weight 
which weighs 12J gr. ; this is used on delicate 
scales to obtain greater accuracy, and this number 
is obtained by dividing the number of grains in 
1 lb. avoirdupois, which is 7,000, by 500, the number 
of yards in one hank of worsted; this is put in one 
of the scales and the yarn in tho other. This 
implies that if 1 yd. of worsted is found to weigh 
12$ gr., it is 1 -count worsted; similarly, if 
12$ yd. of worsted is found to weigh 12$ gr., 
it is 12.J -count worsted ; also, if 20 yd. of worsted 
is found to weigh 20 gr., it is 20-count worsted. 

For testing the counts of cotton yarn the weight 
,s H grains, obtained by dividing the number of 
yards in one hank, 840, into 7,000, the number of 
yards in 1 !b„ and then tested in the same way as 
worsted. Yorkshire skein woollen yarn is tested 


by finding the number of yards which weigh 1 dr., 
obtained by dividing 250, the number of yards 
which is contained in one hank, into 250, the 
number of drachms in l lb. 

Practical Calculations. The first useful 
calculation is that of converting a count of yarn in 
one denomination to an equivalent count in another 
denomination. 

What counts in cotton is equal to 2 /24 worsted ? 

724 --- 712 = X, or 71(5 cotton. 

1 ' 84 U 

When this is worked out, it gives the above answer. 
This rule applies to all the above systems. A short 
method of converting worsted counts into cotton 
counts is to multiply by 2 and divido by IT. 

What is the resultant counts of 40 worsted and 
20 worsted twisted together ? 

40 40 -= 1 lb. 

40 -+- 20 - 2 lb. 

40 hanks weigh 3 lb. of twisted yarn, and 40 3 

13$ counts. 

Tf 00 lb. of twist is required composed of 40 and 
20 yarn, how many lb. of each will he required to 
make this amount of yarn ? 

40 : -40 - lib. 

40 20 - 2 lb. 

3 lb. 

<>0 x I . , 1A 

q 20 II). of yarn of 40 counts. 

- 40 lb. of yarn of 20 counts. 


Total, 00 lb. of yarn. 

To Find Weight of Warp. To enable us 
to do this, we shall require to know what length 
the warp is to be made, tho ends per inch, the width 
in loom, and the counts of yarn. 

How many lb. of yarn will it take to warp a 
piece warp 70 yd. long, fi4 in. wide, 00 ends per inch, 
of -/24 worsted warp and weft ? 

00 x 04 x 70 n . 

— fiSTT IT = 40 lb - of yarn ' 

To find weight of weft, put picks per inch instead 
of ends, and take length of war]) as above. This 
will allow for waste of weft during weaving. 

The Diameter of Yarn. To find this, it 
is necessary to find the number of yards in 1 lb. of 
the yarn we want to find the diameter of, and then 
find the square root of this numbjr ; 10 per cent, 
of this number must be deducted for worsted, 
8 per cent, for cotton, 10 per cent, for woollen yarns. 
This gives us the average diameter of the yarn, 

What is the diameter of 1 /24 worsted ? This yarn 
will contain 500 x 24 yd. per lb., and the square 
root of this is 1 10, less 10 per cent, for worsted = 105, 
the number of ends of this yarn which can be laid 
side by side in 1 in. without compression, which 
implies that the diameter of this yam is T fc g in. 

The respective diameters of yarns will vary 
inversely as the square root of their respective 
counts. 

The above calculation is useful in making cloths 
which have both counts of warp and weft alike, also 
the number of ends and picks. 
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To make a doth in the above yarn with the 2 — 2 
twill design, it would allow us to have 
ior> xt A , , . , 

- r y- — /0 ends and picks per inch, 
because there are four ends and two intersect ions in 


this design. The diameter of the yarn is multiplied 
by the ends in design, and divided by the sum of 
ends and intersections. 



( ’<>r vi 

\S OF YARN 





1 Sipmi- limit 


Ci>tt<*ii. 

WoolK-n. 

1 ni V;mN 




|>< > Hi. 

1 

*666 

2-1 K7 

23-750 

2 

1-333 

4-375 

33-500 

3 

20 

6-562 

41-0 

4 

2-606 

8-750 

47-356 

5 

3-333 

10*037 

52-950 

6 

40 

13122 

58 '0 

7 

4-666 

15-309 

62-623 

8 

5-333 

17 500 

67 0 

1) 

60 

J0-6S3 

710 

10 

6-666 

21*875 

74*8 

II 

7-333 

24062 

78 -r. 

1*2 

SO 

26-244 

820 

13 

S-666 

28-437 

85-333 

14 

9-333 

30-61 8 

88-695 

15 

10-0 

32-SI 2 

91-333 

10 

10-666 

3 5 0 

91-333 

17 

1 1 -333 

37-184 

97-593 

IS 

12 

39-375 

100-39 


found to w r eigh 1 grain, the counts will be 12J 
worsted, because, if 1 yd. weighs 1 gr., 12 A yd. 

will weigh ^ j X ^ = 12J gr., which is the yarn 


weight for worsted. Other counts will reckon in 
the same proportion. 


Loss in Weight. Allowance must be made 
for the weight the yarn has lost in finishing, and the 
amount which it has shrunk ; sometimes these two 


neutralise each other. For worsted yarns, 5 per 
rent, is generally allowed for loss in weight, and 
H» per cent, for shrinkage in length and width, 
according to design used and style of cloth. In 
woollen yarns, 10 per cent, is generally required to 
cover loss in weight, and 20 per cent, is sometimes 
allowed to cover the amount of shrinkage. In 
cotton yarns, 3 per cent, will often cover loss in 
weight and shrinkage. 


Healding Calculations. These are re- 
quired by healders or drawers- in. If it is required 
to draw a war]) in to eight shafts, 04 ends per inch 
straight draft, 04 must be divided by 8 to find the 
number of mails required on each shaft, which in this 
case is eight. 

But if a warp has to be drawn as the following 
draft [1] with 04 ends per inch, a different calcula- 
tion is necessary, because tin* numbers of mails on 
each shaft arc not all alike. 


Table for Reference. The useful 
table above gives the counts of worsted from 
1 to 18, with the equivalent counts in cotton 
and woollen ; also the square root of the 
yards per lb. of each count up to ^ \ Cl in. 

10 per cent, must be deducted for worsted, 

8 per cent, must be deducted for cotton, 

1G per cent, must be deducted for woollen for the On the fiist, second, fourth, fifth, and eighth shafts 
diameter of yarn. This is sufficiently accurate for there are six ends in one repeat of draft on each 
all practical purposes. shaft. 



Cloth Analysis. When a sample of cloth 
has been analysed and the design found, the 
amount of shrinkage in warp ami weft must 
be estimated. This can be obtained by simple 
rule of three, so that if a sample contains 
40 ends and picks finished, and has shrunk 
40 x G 

one-sixth, it will have — t — 48 ends and 1 <• 

picks in loom. „ 

After this, there are still two more ' ^ ' 
important factors to find ; these arc the 
counts of yarn used and the weight of doth. * 
Broadcloth is usually made f>G in. wide and 4S 


On the third and seventh there are seven ends. 
On the sixth shaft there are four ends. 

Now, to find how many mails per inch is require 1 
on each shaft, the following calculation is necessary: 
rin. number of rials on shaft in one ivpeat of Graft ( Number 


.Number of ends in one repeat, of draft t °f mails 

5 8 mails per in. on Nos. 1, 2, 4, 5, and 8 shafts ~ 40 

s Of mails per in. on Nos. 3 and 7 shafts = 1K§ 

= r.| mails perin. on No. 4 shaft. = r>f 


37 in. per yd. allowed finished. To find the 
weight of a yard of broadcloth as above, 
multiply 37 by 50: this gives the number of square 
inches in this length. When this is divided by the 
number of grains in 1 oz., 437 L the answer is 4*73. 
This number represents square inches. Now, if a 
piece of cloth 1 in. broad and 4*73 in. long, or 2 in. 
broad and 2*30 in. long weighs 10 gr., a piece of 
cloth 37 in. by 50 in. will weigh 10 oz. So this is a 
ready means of obtaining the weight of a piece of 
clotfi by weighing a small sample, without any 
calculations, by simply having a piece of card cut 
2 in. by 2*30 in., and placing it on a sample of cloth 
and cutting cloth tho same size and weighing on a 
grain balance. 

The size of card to be used for any other length 
and width may ho obtained by the above method. 
After the, weight has been obtained as above, the 
counts of yarn can be got by taking a few threads 
from the cloth. If we can get 12 threads, each 3 in. 
long, and these are weighed on a grain balance, and 


Total mails per in. .. 04 

Structure of Plain Cloth. This is shown 
by this cross-sect ion [2] through the warp; the dots 
represent ends in warp, and the line picks in weft. 



2 


This is represented on design paper as shown in 3, 
which is complete on two ends and picks, with black 
squares for warp, and white squares for weft. 

This design is used a great deal in the cotton 
trade and low woollens with cotton w'arp and woollen 
weft, and also in light-weight suitings for the warmer 
parts of the world. It is the simplest of all designs 
and can be woven on two shafts, but its structure 
is different from all other cloths, because each end 
is working opposite its neighbour, and ]thc same 
with each pick, whereas in other cloths some ends 
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and picks are working alike in some parts of the 
design- 


Structure of Twill Cloth. 

by cross-section [4], through the 


This is shown 
irp: this 


2 — 2 twill, and is probably tho most generally used 
design for suitings in all tho world, and is represented 
on design paper as in 5. 

Principles of Drafting. It is possible 
to get a large variety of designs on four or 
eight shafts with this design, when the “ I*rin- 
ejples of Drafting ” are understood as explained 
below. If 6 design was woven in a straight 
draft it would take 48 shafts to weave it, 
because this number constitutes one repeat. By 
taking the ends vertically, and numbering 
those ends which work alike with the same 
number it is possible to draft it to weave on four 
shafts, as 7. 


Binding of Double Cloths. In binding 
cloths together with warp, a backing end should 
always be brought up at the point of binding, 
between two face ends and over a face pick of 
weft, and so with every pick throughout the 
design. In all double cloths the binding point 
should always be concealed as much as 
possible: and, also, whenever possible, they 
should be distributed on a sateen basis. 

Figure 12 is face design for above cross-section, 13 
is back design for above cross-sect ion, including 
binding, and 14 is face and back design combined 
end and end on above principles, and is complete. 




Figure 8 is the pegging plan, and is com- 
posed of the four different kinds of ends in tho 
draft 7. 

The same result may be arrived at by drafting 
it as 9, with 10 as pegging plan. The draft 
lias the advantage of being able to weave a 
straight draft or a combination of small effects, 
as 10. 


iSKSKKSSHHSKi 


Structure of Double Cloths. A thorough 
knowledge of double cloths is invaluable to the 
textile designer; cloths of this kind may bo allowed 
to have both sides alike, or totally different. 

The simplest kind of doublo cloths arc those 
w hicli an* backed with warp, but single in weft. 


foceWc 



BackWc 


or vice vers&. Figure 11 is cross-section through 
warp of a cloth backed with warp, 2 — 2 twill 
face, eight-end sateen back. The top line of dots 
represents face warp, and bottom line of dots back 
warp, and the line represents weft. 


14 

Contraction in Weaving. A cloth made 
with 13 design should have two warps to weave from, 
one for face cloth, and one for back cloth, owing to the 
different contractions in weaving of face design 
and back design. The face weave 2 — 2 twill will 
contract about ^th and the back 
weave about th during weaving. 
So that if the face warp is marie 
8 70 yd., the back warp should be 
Wij* yd. Now, if the face warp 
contracts ^\th of 70, ifc will give 
03 i yd. out of loom; if the back 
warp contracts -^th of 70, it will 
give 03 i yd. out of loom, less 1 yd. 
allowed for waste in starting 
and for warp left in gear -•= (>2.J 
yd. out of loom proper. 

This contraction is due to the fac 4 ; that in weav- 
ing it is necessary to interlace the warp with the 
weft at certain places throughout the design, 
and the more interlacing we have the less ends 
and picks we can get into the cloth. In the 2 — 2 
twill there are four intersections of weft with warp in 
eight ends; when this is worked out in a geometrical 
problem, it gives the answer that 5*41)4 ends will 

occupy the space 
w hich six diameters 
of yarn would 
occupy if there 
were no interlacing 
of warp with weft. 
This is equal to a 
take-up of -j 1 , th . 

And, similarly, 
in the eight -end 
sateen, there are 
tw r o intersections of weft with warp in eight ends, 
which gives the answer that 9*404 ends will occupy 
the space which 10 diameters of yarn would occupy 
if there were no intersecting of weft and warp. This 
is equal to a take-up of ^tli. 

Double Cloth in Warp and Weft. To 

make this kind of design many designers shade 
their design paper as 15; then the black squares 
represent the face ends and picks, and the darkest 
squares the backing ends and picks. 

A double cloth design with the 2 — 2 twill face 
and back, and bound in tho eight-end sateen order is 
shown complete in 20 . 

First, tho face weave is put on the blank squares 
in 16. 

Secondly, the back w r eavc is put on the darkest 
squares ns in 17. 
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15 16 

Thirdly, nil the fare ends arc lifted up when each 
hacking pick goes in, as in 18. 

Fourthly, the binding weave is put on as in 19, 
which is the eight-end sateen. 

Hut before this is put on, the proper place for 
landing must be selected to bring a backing end 
up between two face ends over a face pick. 

These are all combined in 20, which makes 
a complete double cloth design 2 — 2 twill lace and 
back. This design is hound in exactly the same 
way as 14, but has a backing weft added. 

If 19 was left off 20, there would be two separate 
cloths woven, one upon the other, but this is ^ 
put on to hind the face and back cloths to- 
gether. A sateen weave should always be used 
for binding, so that it gives an all-over effect instead 
of running in twill order. 


17 18 

A sample of this cloth is shown in 24 in grey 
and black. 

Two-face and One-back Cloths. A 

large variety of lined cloths is made for overcoatings 
with the 2 — 2 twill face and plain design for lining, 
with two ends and picks of face to one end and pick 
of backing: the back can be made plain, striped, 
or checked, without interfering with the face cloth. 
Figure 25 is a cross-section through warp with a 
face pick. 
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Figure 21 is the 2 — 2 twill face and hack, bound 
in the four shaft twill weave, and can be woven on 
eight shafts. Cloths woven on either of the two 
designs ran he woven from the warp beam, because 
the face ends and backing ends have practically the 
same intersections. Figure 21 will give a much 
harder cloth than 20, because the two cloths 
arc more lirmly bound together. 

Double Plain Cloth. Figure 22 is 
pross-section of this kind of cloth through the 
war]), and is bound together by every pick of - 

weft passing from face to back and back to < 

face; the top line of dots are face warp and 
bottom line of dots are back war]). 


1 Figure 26 is the design for this if woven in a 
straight draft on 21 shafts, and is made in the same 
way as 20. The dots outside the design indicate 
which are the hacking ends and picks; this kind 
of design is generally begun — one face, one back, 
one face, in both warp and weft. 

If it is required to make this design on less than 
24 shafts, it can be drafted on to 10 shafts by 
] mt ting face weave on the first eight shafts and 
back weave on last eight, shafts, as in 26 draft, 
with 27 as pegging plan. 

The same rules must be observed in this design 
as when making 20 design. Figure 26 is also bound 
[ in the eight-end sateen order [ 19]. 

Overcoating Cloth. A good medium- 
i weight overcoating cloth can be made with this 
design to the following particulars, 72 ends and picks 
per inch, 00 in. wide in loom, one beam. 

Fact: Warp. ^ »•/ 

While awl black twi-t worsted -• '.‘Hi 111111 1 1 \ *w 1 •§ >■’ 


Flack worst oi l - /till 


White spun .silk IS/* 
Black worsted v/.m 
Blue spun silk is/'-' 
Green spun silk IS, 2 


..." a 3 3 
I J \CK W Mil*. 
..Ill 1 
..111111511 
..1 1 

.. 1 


[111 1 1\. 
137777/ 

1 1 1 1 
1 1 1 1 16 I 



Figure 23 is design for above cross-section, and 
is largely used in the making of some classes of 
“ West of England ** hairline trouserings. 

If a warp was made in this design and warped 
t White 1 2 11 I 2 

Black 2 2 I an< 2 

it would show un- 
broken lines of white 
and black running 
the length of the 
piece alternately on 
I) o t h face a n d 
back of cloth, arfd 
the cloth is also 
24 very firmly bound. 



This will give a neat stripe effect on the face cloth 
and a fancy striped lining with silk ends for 

■ striping, while the fane cloth and lining will 
be bound securely together during weaving. 

All students in the textiles should study 
various branches of it, because it frequent ly 
23 happens that they sometimes see things in 
other branches which they can make useful 
to them in their own branch of the trade. A 
student of decorative textiles will often derive 
great benefit by visiting an art exhibition both for 
design and colour; similarly, a student in the woollen 
and worsted trades may often learn something by 
examining samples of the fancy cotton trade. 

The designer, manager, and those who assist 
them should all work in harmony to seize all 
the advantages of all branches of the trade in 
getting new ideas, making the proper article for the 
proper market, and in using the best machinery 
and the best method of making what is required. 
"Before beginning to make the patterns, the traveller, 
designer, and assistants should consult together 
as to what is to be made, and when they have settled 
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wlmt to make they should all try to make some- 
thing better than has been mado before, but 
always remembering the proper service for which 
it is made, and to get it in the 
proper market and at the proper 
time, not too late and not too 
soon. 

Requirements of a 
Designer. The textile 
designer must have a good 
knowledge of calculations and 
colour, and remember that ideas 
beget ideas, and also that his 
present knowledge must forge the 
links of connection between what 
has been already accomplished and 
what is now required. 

He should be a keen observer, 
because in the field of observation 
chance favours only those who are 
prepared ; and, lastly, he should ’ 
possess self-reliance, fertility of 
resource, fearlessness of responsibility, and the 
power of his own initiative, and be able to apply all 
the best points of his education in his daily work. 

A large quantity of patterns for showing pur- 
poses are still produced in the hand looms of 
Yorkshire, owing to the fact that no box-chain 
is required for patterns which are chocked with 
weft, as this is clone by the weaver 
as he goes on with his work. Of 
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late years there have been many 
improvements in looms for fancy 
weaving in suitings ; and the year 1 1M)6 
has been the advent of the new 
Dobeross loom, made by Hutchinson, 

Hollingworth & Co., which runs at 
the rate of 100 picks a minute. 

There arc now hundreds of those 
looms running in the West Riding of 
Yorkshire which arc doing their work 
wonderfully well. There is still room for improve- 
ment in the finishing machinery because the required 
finish cannot- always bo got the first time goods arc 
finished. When this is t-lio case the work has to ho 
gone through again, causing inconvenience and 
expense. 

Textile Books. The following list of books 
is useful for students in the various 
branches of the textile trade : 

“ Colour in Woven Design,” by R. 

Beaumont (Whittaker. 21s.) ; “ Woollen 
and Worsted Cloth Manufacture,” by R. 

Beaumont (Whittaker. 7s. 6d.) ; “ Cotton 
Spinning,” by R. Marsden (Whittaker. 

Os. lid.) ; “ Cotton Weaving,” by R. 

Marsden ( Marsden, Manchester. 10s. 6d. ) ; 

“ Pattern Analysis,” by A. F. Barker 
( Marsden. 5s . ) ; “ Cotton Spinning Calcula- 
tions,” by W. H. Cook (Marsden. 2s.) ; 

2 Colour,” by G. H. Hurst (Marsden. 

7s. 6d.); “ Neville’s Student’s Handbook 
<>f Practical Fabric Structure,” by Neville 
(D. W. Bardsley, Oldham. 5s.) ; 

“ ‘Stephenson and Suddard’s Ornamental 
Design in Woven Fabrics,” by Stephenson 
and Suddard(D. W. Bardsley. 6s. 2d.); “Calcula- 
tions in Yarns and Fabrics,” by F. Bradbury 
(F. King & Sons, Halifax. 3s. Od.) ; “Carpet 
'Wing,” by F. Bradbury (King. 10s. 6d.) ; 

Worsted Overlooker’s Handbook,” by M. M. 

Buckley (King. Is.) ; “ Cone Drawing,” by M. M. 

Buckley (King. Is.) ; “ Weaving Problems,” by 

Textiles concluded ; followed by Dyeing 


T. Oliver (W. & J. Kennedy, Hawick. 2s.) ; 
“ Chevrcul on Colour,” by M. E. Chcvreul (Bell & 
Sons. 7s. Gd.) ; “ Design in Textile Fabrics,” by 
T. R. Ashenhurst - (Cassell. 
4s. Od.) ; “ Spinning Woollen and 
Worsted,” by W. S. B. McLaren 
(Cassell. 4s. Gd.) ; “ Weaving and 
Designing of Textile Fabrics,” by 
T. R. Ashenhurst (J. Broadbent 
& Co., Huddersfield. 12s. Gd.) ; 
“ Treatise on Textile Calculations 
and Structure of Fabrics,” by 
T. R. Ashenhurst (Broadbent. 
5s. ) : “ Prac t ica l Wea v ing and 
Cloth Dissecting,” by T. R. 
Ashenhmst (Broadbent. 15s.): 
“ The Mechanism of Weaving,” 
by T. W. Fox (Macmillan. 
7s. Gd.) ; “ Woollen Spinning.” 

by C. Vickerman (Macmillan. 
(>s.) ; “ Cotton Spinning,” by 

W. Scott Taggart (Macmillan. 
Vol. 1. and II., 4s. each; Vol. HI., 10«.): “The 
Jacquard Machine,” by E. A. Posselt (limmot 
& C-o., Manchester. 15s.) ; “ Flax, Tow, and Jute 
Spinning,” by P. Sharp (Eininot. 5s.); “The 
Structure of Fibres, Yarns, and Fabrics,” by E. A. 
Posselt (Emmot. 42s.). 

Textile Classes. Many students attend the 
technical classes in textile manu- 
facturing towns in Yorkshire and 
Lancashire. The Yorkshire schools 
are mostly devoted to woollen and 
worsted, while those in Lancashire 
concern themselves with cotton. 
Leeds University is probably the 
finest ecpiipped textile school in the 
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and contains the required 
machinery for all the processes from 
the raw material to th? finished 
cloth. The technical schools of 
Halifax, Bradford, and Huddersfield are also well 
equipped, although not to the extent of Leeds. 
Generally, they have both day classes and evening 
classes. The latter are attended by persons who 
work in the daytime who desire to improve their 
textile knowledge and take up more important 
positions. A student should be well grounded in 
arithmetic before he attends these clusses ; 
otherwise he will be much hindered in 
his work. 

A student, attending the day classes 
should have two or three years of 
practical work in a mill. He can then 
combine the best points of school know- 
ledge with the best practical knowledge 
gained in the mill. If he has not had this 
practical experience he may make serious 
mistakes when lie has taken a position 
outside the school. The students in the 
spinning department have the facilities of 
putting their theoretical knowledge into 
practical certainty on the machinery, mak- 
ing their own calculations and setting the 
machines accordingly, while the teacher 
puts them right and explains any errors. 
They arc then accepted for examination in practical 
work by the City and Guilds of London. The courses 
are for three or four years, with examinations at the 
end of each year, when certificates are awarded to 
those who pass. The International Correspondence 
Schools of 57-GO, Chancery Lane, London, V»\C., 
have now a textile correspondence department. 
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FRENCH By Louis A. Barbe, B.A. 


THE ARTICLE — continued NOUNS 

Agreement of the Article I. Nouns of Double Gender 


1. The article agrees in gender and number with 
the noun which it precedes: Le ca iir, V esprit, les 
nwurs, tout gctgne d la culture, the heart, the mind, 
manners, everything is improved (gains) by culture. 

2. The plural article lev is occasionally used 
before a proper noun in the singular, merely for the 
sake of emphasis, and without reference to more 
than one person of the same name: Lett Corneille, 
hs Undue ct lea Mali err out ill list re la scene francai.se. 
Corneille, Karine, and Moliere have made the French 
stage illustrious. 

3. The feminine article fa is used before a saint’s 
name in the masculine, to indicate the day on which 
that saint’s feast is celebrated. In that case, the 
article agrees with the word fete understood : Je 
rous payerai d la Saint- Michel prochaine , 1 shall 
pay you next Michaelmas. 

4. The feminine article is used before a. masculine 
noun — generally a proper noun to indicate some 
special fashion or manner. The word mode, or 
maniere is then understood, and the article agrees 
with it: II a la barbe tail Ik. d la Henri IV., His 
heard is cut after the fashion of Henry IV. 

Repetition of the Article 

1. The article, whether definite or indefinite, 
must he repeated before every substantive : II a les 
trails, lea regards at la demarche, dc son pere, lie has 
the features, looks, and demeanour of his father. 

2. The use of a single definite article in the plural 
is customary in certain eases where two or more 
nouns form an indivisible expression, or unite to 
constitute a single, definite collection: ficole des 
Arts ct Metiers, School of Arts and Trades. Lcs 
officicrs , sous -off icier s ej soldo fs, the officers, non- 
commissioned officers, and men. 

3. When nouns are joined by the conjunction 
on (or), each of them requires the article, unless the 
second he synonymous with the first, or an explana- 
tion of it : Le pere on le. fils nous ecrira dr main. The 
father or the son will write to us to-morrow. Les 
cnllt nes on petites montagnes sont converter d'arbres , 
The hills or small mountains are covered with trees. 

4. When several adjectives joined by et refer to 
the same noun, the article must he used before each 
of 'them if the noun indicates several persons or 
objects : Lcs riches et les pauvres scronf tons j ages 
scion /curs a: acres. The rich and poor will all he 
judged according to their works. 

^ f>. If t he several adject ives qualify the same person 
or object, one article only is required : Je dens dr finir 
(r troiswnie et dernier volume dc cc roman , I have just 
finished the third and last volume of that novel. 

, M Ellipsis of the Article 

1. fhe article is frequently omitted in proverbial 
expressions : 

Patience c.t longueur de temps 

Font plus que force ni que rage ; 

Patience and perseverance (length of time) 

Achieve mere than strength or fury. 
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1. There are a few substantives which are either 
masculine or feminine, with a modification, or only 
a slight difference of meaning : 

(a) Amour, love, is usually masculine, both in 
the singular and the plural : IS amour du jeu reunit 
tons les a utres amours , The love of gambling com- 
prises all other passions (loves). 

In the plural it is feminine when used to designate 
the passion of love, in the more restricted sense, and 
when used as “ amours ” in .English. On re tour it c 
toujours d ses premieres amours , We always return 
to our first love. 

(&) Coin* M3, couple, is masculine when it is 
applied to two persons between whom their exists 
a bond of sentiment, similarity of object, etc. It is 
feminine when meaning simply two, a brace: Cr 
sera it dommage de sc f Hirer un si beau, couple. It 
would he a pity to separate such a handsome 
couple. U ne con file d'aufs suf/ira jniur man lUjcuner, 
A couple of eggs will suffice for my breakfast. 

(c) DfiiACK, delight, pleasure, is masculine when 
used in the singular, and feminine when used in the 
plural. The meaning is practically the same in 
both instances : (Test an grand delice de fairc dcs 
heurenx , 1 f is a great pleasure to make people happy ; 
ll fait, toutes ses delicts de. V etude , He makes study 
Ids whole delight. 

(d) Foudre, thunderbolt, is feminine when used 
in its Jitival sense, and masculine when applied 
figuratively to a great warrior or a great orator. 
Cet arbre a etc fra pvt de la foudre, That tree has hern 
struck by a thunderbolt (lightning). On dit, au 
figure , un foudre. de guerre , un foudre d- eloquence, 
ixnir designer un gutrrier d qui rien ne rlsisle , un 
orateur vehement , We say, figuratively, un foudn 
de guerre , un foudre d' Hoquence, to designate a 
warrior whom nothing can withstand, a vehement 
orator. 

(/) Hymne is feminine when it means a church 
hymn, and masculine in any other sense: Les 
ancienncs h.ymnes de V fjglisc ont le white de la 
simplicity, The old hymns of the Church have the 
merit of simplicity ; CJuique peuple a son hymne 
national , Every nation has its national anthem. 

{g) (Euvre, work, is usually feminine. It is 
sometimes masculine in poetical language, or when 
it has the special meaning of “ the search for the 
philosopher’s stone ” or of the collected works of an 
engraver or of a composer: Ce volume conlient 
fes mivres computes de Corneille, That volume con- 
tains the complete works of Corneille. 

(h) Gens, people, requires words in agreement 
with it to he feminine if they precede and masculine 
if they follow it: Ce sont le s m eilleures gens que fait 
jamais vus. They are the best people I have ever 
seen. 

But words in agreement with gens arc always 
masculine, if they occur in a separate clause, whether 
before or after it : Instructs par V experience toutes 






Ics medics gens sont soup^onncux, Taught by ex- 
perience, all old people are suspicious. 

“ All ” must be translated by the masculine form 
tous when* it accompanies an adjective having but 
one form for both genders and preceding yens : 
Tovs les honnetcs gens , all honest people. 

Tous must also be used, even when it precedes 
gens, if yens is followed by an adjective or past 
participle : Tous les gens senses, all sensible people. 

2. The following nouns have a different meaning 
according as (hey are of the masculine or of the 
feminine gender : 

aide (m.), a person who office (f.), pantry, ser- 
lielps vants’ hall 

aide (f.), help, assistance orange {m.), orange colour 
aune (m.), alder-tree orange (f.), orange 
mine (f.), ell page, (m.), page (atten- 

rcrwe(m.), cherry-colour dant) 
cerise (f. ), cherry page (f. ), page (of a hook ) 

crepe (in.), crape paillasse (m.), clown 

crepe (f.), pancake paillassc{f. ),straw mattress 

critique (m.), critic paille (m.), straw-colour 

critique (f.), criticism paille (f.), straw 
cnscignc (in.), ensign, parnllele , (m.) parallel 

s tand ard - bearer ( com pa r ison ) 

cnscignc, (f.), standard, parnllele (f), parallel line 
signboard pendufe (in.), pendulum 

faux (m.), forgery pendufe (f.), timepiece 

faux {(.), scythe physique (in.), the phy- 

fonrbu (m.), rogue sique of a person 

fourhe (f.), impost ure physique (f.), physics, 

greffc (m.), record office natural philosophy 

(of a court of law) pique (m.), spade (a suit 
greffc (f.), grafting of cards) 

guide (m.), guide pique (f.), pike 

guide (f.), guiding-rein funic (in.), stove, pall, 
litre (m.), hook canopy 

Here (f.), pound ptnle. (f.), frying-pan 

wnnche (in.), liandle fuJitique (in.), politician 

nianche (f.), sleeve; politique (f.), polities. 

Manche{ f.), Engl. Channel policy 

nmnrruvre (in.), work- /jostc (m.), post, situa- 
imm, mechanic lion, guard-house 

maun wm*(f.), inaiueuvre fxistc (f.), letter-post, 
mnrtyrc{ in.), martyrdom stage-post 

martyre{i.), female martyr ro.se (m.), rose-colour, pink 
mauve (in.), mauve colour rose (f.), rose 
mauve (f.), marsh-mallow soldc. (m.), balance of 
mhnoire (m.), memoir, an account 

hill sohle (f.), }>ay (military) 

no’ moire (f.) memory somnic (m.), nap, sleep 
wot/e (in.), mood, manner somnic (f.). sum, total 
mode (f.), fashion tour (in.), turn, circuit, 

mart (m.), dead man trick, lathe 

mart (f.), death tour (/), tower 

mottle (m.), mould, model trompette (m.). t rum peter 
moule (f.), mussel (shell- trompette, (f.), trumpet 
fish) rapcAir (m.) f steamer 

mousse (in.), cabin-boy, vapeur (f.), vapour, steam 

ship-boy ease (m.), vase, vessel 

mousse, (f.), moss ease (f.), ooze, mud 

office (m.), office, service, code (in.), veil 
functions voile (f.), sail 

II. Compound Nouns 

1 . Compound nouns written without a hyphen are 
considered single words, and form their plural accord- 
ing to the general rules : un cheer efeuiUe, a honey- 
suckle plant ; dcs ehcvrefcuilles, honeysuckle plants. 

Exception : In the following words, the com- 
ponents, though not joined by a hyphen, both take 
the plural form ; 

un bon ho in me, an old fellow, etc. ; dcs honshommes , 
old fellows, etc. 
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un gentilhomnie, a nobleman ; dcs gentilshommes , 
noblemen. 

mouse ig near, my lord ; mcsscigneurs , my lords. 
And similarly, monsieur , messieurs ; mndume , 
mrsdames ; mademoiselle, mesdcmoiselles. 

2. When a compound noun consists of two nouns 
joined by a hyphen, both the components take the 
mark of the plural : 

un chou-fleur , a cauliflower ; dis choux-ffeurs , 
caulillowers. 

un oiseau-mouchc, a humming-bird ; dcs oiseaux- 
mouches , humming-birds. 

h n tinibrc-qnittance . a receipt-stamp; des timbres- 
quittances, receipt -stamps. * 

nn timbrc-ilt peehe, a telegraph -stamp ; des timbres - 
dcpechcs, telcgra ph-st a mps. 

Exception: In tin* following compound words, 
the first of the components is the only one that 
takes the mark of the plural : 

appui(s)-main , maul-stick, rest for the hand : 
hotcHs)-])ien , hospital ; rcinr{s)-claude, greengage : 
timbrel s)-fx>slc, postage-stamp ; inandnt{s)-[x>stv, 
post-office order. 

3. When a compound noun consists of two nonnx 
joined by a preposition, the first noun alone takes 
the sign of the plural : 

un arc-en-ciii , a rainbow; des arcs-en-cicl , rain- 
bows. 

un chej-iT trnvre, a masterpiece ; des chcfs-iV aaivrc, 
masterpieces. 

un cul -de-jatti , a cripple : des culs-dc-jatte , cripples. 
Exception : In the following words, the sense 
requires both components to remain invariable, 
even when the whole compound is in the plural : 

un {des) coq-d-V due, a rambling story; nn {des) 
pied-a-terre , temporary quarters; nn {dcs) pot-au- 
feu , broth ; un {des) titc-d-tefe, private interview. 

4. When a compound consists of a noun and an 
adjective, both components take the sign of the 
plural : 

une can -forte, an etching ; des eanx-fortes, etchings. 
un ro ff re-fort, a strong-box ; des coff res -forts, 
st rong- boxes. 

line claire-eoie, lattice, wicket ; dcs claircs-m/e.s, 
lattices, wickets. 

Exception : The second component alone takes 
the sign of the plural in {a) all the feminine words 
eonsistingof grand' and a noun, as grand' mere, grand- 
mother, grand' meres, grandmothers; and in {b) the 
three words chcvitu-leger , a light horseman, terre- 
plain , an earthern platform or terrace, and snnf- 
condnit , a safe-conduct, of which the respective 
plurals are : des the van -tigers, dcs terre-fiteins, and 
dcs situ {-conduits. 

, r ». In compound nouns made up of a verb and of 
a noun, only the noun can take the sign of the 
plural : 

nn passe- port, a passport; dcs passe -fxirts, pass- 
ports. 

Note. In compound nouns of this kind, it 
frequently happens that the noun-component (a) 
remains in the singular when the whole compound 
is in the plural, or {b) is in the plural whether the 
whole compound he in the singular or in the plural: 
{a) un abat-jour , a lamp-shade 
dcs abat-jour , lain]) shades 
un cassv-cou, a break-neck place 
dcs casftr-coH, break-neck places 
un coupe-gorge, a cut-throat place, den 
des coupc-gorgc , cut-throat places, dens 
un portc-monnaie , a purse 
des fxirtc-momiaic , purses 
un reveille -matin, an alarum 
des reveille -mat in, alarums 
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(b) vn brisc-lames, u breakwater 
des brise-lamis , breakwaters 
un porta-clefs, a turnkey 
dcs porlc-clefs, turnkeys 

un serre- pa piers* a paperweight 
den serres- pa piers, paperweights 
vn casse-noisettes* a mit-craoker 
dcs casse-noisettes* nut eraekors 
vn jxtrte-lettres* a letter-rack 
des portr-lettres* letter-racks 
vn covvre-pieds* a foot-coverlet 
des covvre-pieds * foot-coverlets 

There are, however, some eases in which the 
analysis of the word may he made to justify either 
the singular or the plural form of the noun- 
component, and we find authorities giving both 
nn pnrtc-jdurnr, a penholder, dcs porte- pi it me, pen- 
holders, and vn parte- fd times, des portc-jdumes. 

0. When garde is the first part of a compound 
word, it usually takes the sign of the plural if it 
denotes a person : vne garde -malade* a sick-nurse ; 
des gardes -maladcs , sick-nurses. 

If it denotes an object, it commonly remains 
invariable : vne garde-robe, a wardrobe ; des garde - 
robes, wardrobes. 

7. In compound nouns consisting of an adverb 
and a noun, or of a preposition and a noun, the 
noun usually takes the mark of the plural : 

vne arriere- petite- fi lie, a great-granddaughter ; 
des arriere -petit es- fill es, great-granddaughters. 

vn avant-arurcur, a fore-runner ; des a rant- 
courcitrs, fore-runners. 

vn covtrc-amiral* a rear-admiral ; dcs contre - 
a tn ira nx* rea r-ad m i nils. 

8. When a compound noun is made up of invari- 
able words — -i.c., verbs, numerals, prepositions, 
adverbs — the components remain unchanged : 

vn passe-partout, a master-key ; dcs passe-partout, 
master-keys. 

vn in-douze , a duodecimo ; des in-dovze * duo- 
decimos. 

III. Proper Nouns 

1. Names of persons do not usually take the 
sign of the plural : Les deux Corneille eta lent f re res, 
the two Corneilles were brothers. 

Except ions : (a) When a proper noun is used to 
indicate, not one person, but several persons 
resembling the bearer of that name, the proper noun 
takes the sign of the plural : Vn Auguste aisement 
peut fairc des Virgiles * An Augustus can easily 
produce Virgils — i.c., poets like Virgil. 

(h) Proper nouns common to a whole race, 
dynasty, etc., take the sign of the plural: Pen. r des 
Stuarts ant phi sur Vectmjaud, Two of the Stuarts 
perished on the scaffold. 

(c) When the name of an author or of a- painter 
is used to indicate copies or examples of his works, 
it is treated ns a common noun, and takes the sign 


of the plural accordingly: J'ai plusieurs Virgiles 
dans ma bibliothequc, 1 have several Virgils in my 
library. . 

2. Pro] Kir names of countries take the sign of the 
plural : Nous avons visit e les Indes occidentales et les 
deux Ameriques , We have visited the West Indies 
and the two Americas (North and South). 

IV. Foreign Nouns 

1. Foreign words that have become naturalised 
as French nouns, form their plural in the usual way : 

Un accessit , an honourable mention ; des accessits , 
honourable mentions ; un tory, a Tory ; des torys, 
Tories. 

2. Most Latin compounds used in French are 
invariable : vn jfost-srriptum * a postscript ; des 
jH)sl-scriptv 7 n postscripts ; nn ex-voto , a votive 
offering : dcs ex-voto , votive offerings. 

3. Prayers, hymns, etc., are frequently indicated 
by their Latin beginning, which remains invariable 
when used as a plural noun : un Te Denm , a To 
Deum ; dcs Te Devm , Te Deums. 

Key to Translation 
Geography of the French Language 

The French language comprises the whole domain 
of modern France, with the exception of a single 
province, Brittany, where a million inhabitants out 
of 1,800,000 speak a language known under the 
name of Low Breton (and) which is of Celtic origin. 
To this important exception we may add further 
three little groups — the Department of the North, 
where 200,000 inhabitants (out of 1,200,000) speak 
the Flemish language, which is of German origin; 
the Department of the Lower- Pyrenees, where 
120,000 inhabitants speak Basque, a very ancient 
dialect, of which the origin is unknown ; finally, 
the Department of the Eastern -Pyrenees (the 
former province of Roussillon), whore 130,000 
inhabitants speak the Catalonian language, which is 
derived from Lai in. 

If the domain of the French language docs 
not extend over the whole of the present 
territory of France, by way of compensation it 
comprises abroad several important territories, 
representing a little more than 3,600,000 inhabi- 
tants, divided thus: for Belgium, 1,600,000 in- 
habitants; for the Empire of Germany, 1,000,000 
(Alsace-Lorraine); for French Switzerland, 400,000 ; 
lastly, 60,000 for the Channel Islands, which belong 
to England. 

To these figures there must be added, outside of 
Europe, the English colonies of Canada and of the 
Island of Mauritius, which have retained the use of 
French, without speaking of our own colonies 
(Algeria, Guiana, Senegal, etc.). This is a balance 
of rather more than 1,500,000 to be added to the 
French linguistic domain. 


Continued 


SPANISH wu rt, ‘ By Amalia de Alberti & H. S. Duncan 


Familiar Dialogos 

Dialogues Familiares 

Who knocked at the i Quien ha llamado d 
door ? la puerta ? 

The countess’s foot- El lacayo do la sonora 
man, with a note eondesa con una esquela 

Bring it here Traigala 

lie will not deliver it No quierc sino entre- 
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excepting into your own garla en manos propias 
hands 

Show him in Hdgale pasar 

Good-day, madam Buenos dias, senora. 

How are* you ? I Como esta Vd ? 

Middling. Sit down Regular, tome Vd asi- 
ento 
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Thanks. I came to say 
good-bye. I am leaving 
to-morrow for Paris 
Are you going alone ? 
Is not your wife going 
with you ? 

No ; her health does 
not permit it 
I am very sorry 

llow pleased I am that 
you have called at this 
hour. Now that you nrn 
here, you will stay and 
dine with us ? 

1 appreciate the invi- 
tation, but 1 cannot ac- 
cept it. If you were alone 
it would not matter, but 
I really cannot sit down 
to table with the mar- 
chioness in these clothes 

What does it matter, 
man ! My wife will ex- 
cuse you 

Is the post in ? 

Yes, sir. Here are the 
letters. It seems that the 
post is only for circulars 
and advertisements. 1 
have four here 

Where is the secre- 
tary ? 

We have a great deal 
to write ; it is mail day 
What day of the month 
is it ? 

Address these letters ; 
these four must be 
sealed. The sealing-wax 
is in that box with the 
stamps 

Breakfast is served, 
madam 

'Fell the master 
He is in the dining- 
room, and the young lady 
and young gentleman 
have also come down 
Hood-morning, mother 
Hood-morning, chil- 
dren 

What have we for 
breakfast ? 

In this dish here there 
are eggs and ham, and 
over there are kidneys, 
which look very good, 
and there is cod in front 
of Papa 

What will you take, 
chocolate or coffee ? 

I will take tea 
Where shall wo go to- 
day ? 

We have to go to the 
dressmaker and to the 
milliner, and then we will 
go for a walk until it is 
time to fetch your father 
from the office, and I 


Gracias. Vengo a 
despedirme ; salgo ma* 
fiana para Paris 

}, Va Vd solo ? No va 
su Sra. con Vd ? 

No ; su salud no se lo 
per mite 

Lo siento muelio 

Cuanto me alegro verle 
llcgaraesta horn, i Ah ora 
quo esta Vd aqui se 
quedara a comer con 
nosotros ? 

Agradezco la in vita- 
cion pero no puedo ao- 
ceptarla. Si estuviera Vd 
solo no importuria pero 
en verdad no puedo 
sentarme a la mesa con la 
senora marquesa en este 
trajo 

i H ombre, que im- 
porta 1 Mi senora dis- 
pensani a Vd 

; Ha llcgado el correo ? 

Si, sen or. Aqui est/m 
las cartas. Pareee que no 
viene el correo mas que 
para truer eirculares y 
anuucios, aqui tengo 
cuatro 

i Donde esta el sccre- 
tario ? 

Tenemos muebo que 
eseribir; es dia do correo 

A cuanto estamos 
del mes ? 

Dirija estas cartas ; 
esfas cuatro necesitan 
sellarse. El laere esta 
en aquella eaja, eon los 
Hellos do correo 

Senora el ulmuerzo 
esta servido 

Aviso a l mno 

Esta en cl eomedor, 
y tauibien ban bajado la 
seilorita y el seiiorito 

Muy buenos dias madre 

Muy buenos dias hijos 

Quo tenemos para 
almorzar ? 

Aqui en esta fuente 
hay huevos y jamon, y 
alia hay rinones que 
parecen estarmuy buenos 
y delante de papa hay 
mcrluza 

l Que vas a tomar 
chocolate d cafe ? 

Tomare to 

Donde iremos hoy ? 

Tenemos quo ir a la 
costurera, y & la modista, 
y despues ir&nos £ dar 
un paseo hasta que sea 
hora de ir a buscar & tu 
padre a la oficina, y yd 


suppose you remember 
that to-night there is the 
ball at the Embassy 
Of course, I remember 


Hive me two first-class 
tickets to Z. I am going 
to register the luggage. 
Be quick so as to get a 
seat near the door 

T want lo be with my 
face to the engine, other- 
wise, as you know, I get 
giddy 

At the next station we 
will buy a small basket 
of provisions, what the 
English call a lunch 
basket 

They told me that 
before reaching Z. we 
have to pass through a 
tunnel 

Yes, and we have al- 
ready reached it, but 
we shall soon come to 
the other end, and at the 
same time to the stop- 
ping place 

And shall 1 find what l 
require at this office ? 

It is possible, but 
it is difficult to find good 
servants 

Com mk rci a l Ph has no- 
loo y and Vocabulary 

The market is gradu- 
ally giving way 

The piospcets for 
almonds this year are 
not favourable 

Prices for coffee are 
easier 

The market is very 
depressed 

A fall is not to be 
exacted 

More attention is paid 
at the j »rescnt moment 
to other articles 

A small lot has been 
disposed of at high prices 

The market closes 
firmly 

A few transactions 
have been effected at 
somewhat low prices 

The steamer sailed last 
week for America, carry- 
ing a big cargo 

Our neighbouring mar- 
kets have been affected 
by the decline 

We are completely 
bare, without any stock 

Our market is glutted 
with pears 


supongo quo no te olvidas 
que esta nocho es el baile 
de la Embajada 

Porsupucsto que mo 
acuerdo 

Demc Vd dos billetos 
para Z. de primera clase. 
Voy a facturar el oquip- 
aje. Darse prisa para 
eoger un asiento do 
portezuela 

Quiero ir de eara a 
la locomotora ; ya sabes 
que de otro modo me 
mareo 

En la proxima cstaeion 
com pra rein os una onnas- 
tita eon provisiones, lo 
que Hainan los ingleses 
“ a lunch basket ” 

Ale dijeron quo antes 
do llcgar a Z. teniamos 
que pasar por un tuncl 

Si, y ya hemos Uegado 
a cl, pero pronto llega rh- 
inos al otro lado, y al 
mismo tiempo al apeadero 


;. Y eneontrare alii lo 
que necesito ? 

Puedo scr, pero el cn- 
eontrar buenos criados 
es muy difieil 

Fkaseolouia Comercial 

Y V OCA BULARIO 

El mereado baja gradu- 
ahnente 

Nmla fa\ T orahlo es el 
aspecto que presentan las 
almeudras este ano 

Los precios para el 
cafe ban eodido algo 

El mereado esta muy 
ahatido 6 tlojisimo 

No es de esperar una 
baja, 

En la, aetualidad se fija 
)>rinci]):ilmente la aten- 
eion en otros articulos 

►Se aeabfi de coloear un 
pequeno lote a precios 
altos 

El mereado cioira 
firmo 

Algunas ofieracioncs se 
han efectuado a tipos 
algo bajos 

El bmpie sal id para 
America la seman i 
pass da eondweiendo un 
caiyamento grande 

La baja ha dejado 
sentir su influencia en 
los mercados jjimediatos 
6 vecinos 

Nos cncontramos des- 
provistos, limpios de 
existencias 

Nueatro mereado esta 
abarrotado de perns 
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What little is left un- 
sold is eagerly bought 

Some fresh supplies 
have appeared in the 
market 

We had to force sales, 
and this had a had effect, 
all round 

It. is rumoured that a 
well-known and long- 
established firm of our 
city is in difficulties 

There are still some 
wants to bo supplied 

It is an article very 
highly thought of In our 
city 

A house is in treaty 
for a parcel of nuts 

Contracts for February 
delivery have been made 

Retail sales 

The expected improve- 
ment has not yet taken 
plaeo 

This state of things is 
against business being 
done 

Business is reviving 

A considerable excite- 
ment. has prevailed dur- 
ing the last fortnight 

This invoice has not 
yet been paid 

Silver is quoted at a 
very low figure to-day 

The doubtful state of 
things 

This is an auction day 

1 + is impossible to 
execute orders all at once 

We are inclined to 
believe that prices have 
reached their minimum 


Lo poco que queda 
disponible se compra con 
afrin 

Hem ns vuelto a tener 
nuevas entradas 6 arribos 

Nos vimos precisados 
a forznr vent as v el 
efeeto e» general fue 
ad verso 

Oorren ru mores de que 
una casa de anos estnble- 
eida cn nucstra eiudad, v 
bien conocida, se halla 
cn dificulLides 

Hay nun algunas 
necesidades por cubrir 
Es un articulo muy 
apreciado cn nuestra 
plaza 

Una casa tieno pen- 
dientc de trato una par- 
tida de avellanas 

So hnn hecho algunas 
contratas para entrega en 
Febrero 

Ventas al detalle 
La mejora esperanzsulu 
no se ha rcalizado to- 
day ia 

Ksto estado de eosas 
entorpeee las operneiones 

Los negocios van co- 
bra ndo vicln 

Ha reinmlo muehisima 
agitaeion durante la 
ultima qiiincena 

Ksta factura no esta 
aun |>agada 

El valor do la plata hoy 
dia es muy bajo 

El estado dudoso 6 
incierto de cosas 

Este es dia do subasta 
No es posible cum pi i- 
inentar en el acto, tod, is 
las ordenes 

Ur com os que los 
preeios ban visto ya su 
minimum 


The letter-box 

The Custom House 

The bank 

A promissory note 

The packages 

The cash -box 

The warehouse 

The red ink 

The book-keeper 

The gum -pot 

The message 

The trade mark 

The workshop 

The appointment 

The clerk 

The telephone 

The telephone exchange 

The lift 


El buzon 
La Aduana 
El banco 
Un pagare 

Los bultos o paqnotes 
La caja de fondos 
El altnaccn 
La tinta roja 
El tenedor do libros 
El pote do la goma 
El rccado 

La marca do fabrica 
El taller 
La cita 

El dependiente 
El telefono 
La central 
El ascensor 


Kev to Exercise XXL (1) 

1. Mas vale tarde que nunci, pero mas vale 
pronto que tarde. 2. Les mande dinero para que 
pudieran eostearse el viaje, y a menos que lo 
reciban a tiempo, temo quo no tendremos el gusto 
de verlos. 3. Bien que le advert! que la especu- 
laoion era arriesgada, metio grandes sumas en esa 
empresa, y en easo que haga banearrota, tendre 
que. salir garaute, puesto que es mi hermano. 
4. L Hola amigo, eomo va ? Hace tiempo quo no Ie 
he visto. 5. Ya que no quiere V’d venirme a ver, 
aqui estoy yo, por aquello quo se dice que si 
la montana no viene a Mahoma, Mahoma vienc a 
la montana. 

Kiev to Exercise XXT. (2) 

1. That man is very tall — too tall, in my opinion. 
He is almost a giant. 2. Napoleon was a great 
man, in spite of being of small stature. 3. Playing 
the harp hurts the tips of one’s fingers. 4. Ho 
was a man of learning. He held a chair in the 
University of Salamanca, and was considered the 
first professor of that celebrated University. 5. He 
occupied a very high position ; ho raised himself 
from nothing. He was the only one who raised 
his voice in the defence of the freedom of the Press. 
13. After the war the troops made their entrance 
into the capital amid the great acclamations of the 
] >eo pie, and they are going to erect a statue to the 
general. 7. Mr. So-and-so was irritated this morn- 
jng. Who is Mr. So-and-so ? I never remember 
his name. 


Continued 
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By Harald Clegg 


Pronouns, Adjectives 
and Adverbs 

The student is advised not to 
attempt to learn the following table 
by heart as it stands, but to make 
himself master of tho nine dis- 
tinctive terminations, as shown in 
ooliVnn 1, each of which, it will be 
observed, is earned through the 
horizontal line quite regularly. 
Then the powers of the four pre- 
fixed parts, t\ 1c\ f>, and near, as 
given in the headings of columns 
2, 3, 4, and 5, should be learned so 
that these may be added to any 
of the indefinite words in column 1 
according to need. Finally the 
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meaning will be readily retained 
on reading sentences where they 
occur. 

Tho words in line A, being ad- 
jectives, and those in line J, being 
pronouns, take, if required, the 
plural and tho accusative. Those 
in line G are essentially pronouns, 
ard, being of a collective character, 
are always singular, but may, of 
course, take the accusative. * 

The five adverbs in line P may 
also, when motion or direction is 
indicated, take the final N. 

In column 2, the words tia, tie. 
tio, Hu may each have the word ci 
placed either before or after them, 
according to taste. This has tho 


effect of bringing nearer the thing 
or place. 

Example : Tia, that kind of ; 
tin ci , this kind of ; tiaj ci, these 
kinds of. 

Tie, there ; tie ci, here ; tien, in 
that direction ; tien ci, in this 
direction. 

Tio, that thing ; tio ci, this 
thing. 

Tiu , tha t one ; tin ci, this one ; 
tiuj ci, these. 

The primary words are here 
shown with their correlatives. 


ia 

tia 


iia 

nenia 


} Ida 
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Table of Correlative Pronouns, Adjectives, and Adverbs. 




Indefi- 

nite 

Demon- 

strative 

Relative 

and 

Interro- 

gative 

Collec- 
tive and 
Distri- 
butive 

Nega- 

tive 



a) 

(2) 

(3) 

(4) 

(5) 

A 

Quality 

i 

ia j tin 

some kind ; that kind. 

! such 

kia 

which 

kind 

via 

every kind 

nenia 

no kind 

B 

Motive 

ial 

for some 
reason 

Hal 

for that 
reason : 
therefore 

hint 

for which 
reason ; 
why Y 

rial 

for (‘very 
reason 

nenial 
for no 
reason 

C 

Time 

iam 

at some 
time 

tiam 

then 

kiam 

when 

riant 

always 

neniam 

never 

D 

Place 

ie 

some- 

wheie 

tie 

in that 
place : 
there 

tie 

in which j 
place; 
where 

rie 

every- 

where 

nenie 

nowhere 

E 

Manner id 

tid 

kid | 

riel 

neniel 



somehow 

thus; so 

how ; ns 

every way 

nohow 

F 

Posses- 

ies 

ties 

; kies 

ries ■ 

urn ies 


sion 

someone’s 

that one’s 

whose 

everyone’s 

no one’s 

G 

Thing 

. 

10 

something 

tio 

that 

(thing) 

i 

kin 
which 
(thing) 
what ,, 

rio j 

every- j 
; thing ' 

nenio 

nothing 

I 

j 

H 

Quan- 

if mi 

i Horn 

1 kiorn 

; riom 

! neniom 


tity 

somewhat: 

as much ; 

how mueh 

all 

! none 



n li .tie 

1 as many 

how manyj 

| 

~J 

Indivi- 

in 

tin 

ki u 

rill 

tie run 


dual 

some one 

that one 

which. who! each one 

; no one 


Example : Mi deziras liajn . 
Ida) f, st<ts miaj, I want such as are 
mine. 

iam nam 1 7 . 

, • kiam 

tiam item am 

Example : Li salntas riant, 
kiam li vidas min , Tie always sa- 
lutes when he sees me. 


ie rie ) , . 

tie nenie 1 1(1 

Example : Si hxjus tie , hint 

mi nun ira s, She lives there, 
where I am now going. 

id riel ) ... 

tie! nenid I kld 


Example : Li labor as nenid , kid 
vi volas, Ho works not at all 
(nohow) as you wish. 


to 

tio 


rio \ 
nenio J 


bio 


Example : Jen estas to, kion 
d beznnas. Hero is something that 
you want. 

Horn — kiorn 


Example: Mi prenos turn , 
Horn vi poseda s, I shall take as 
mueh as you possess. 


VI rut | , • 

tin ncrtin ) lU 

Example: Si dank is rinjn , 
kiuj rsfis tie, Sho thanked all who 
were there. 

r riie word ajn is often used after 
the t.i hula ted words. It re- 
sembles “ over,” which is found in 
the English words “ whoever, 
whenever, wherever.” ote., and is 
used in just (lie same way, except 
that it is not joined to the preced- 
ing word. 

Example : kin ajn, 'whoever ; 
kin ajn, whatever. 

When any of the niiv* words in 
column 3 are used at the beginning 
of a sentence to .ask a question, the 
int -rrogative rn is not required. 

Example : Kir vi aretis Han 
rapehm ? Where did you buy 
that hat ? 

All the words in the tables are 
root words, and the nature of 
many of them (though not of all) 
permits the addition of the final 
o, a, or e. 

Example: Li name plendas. 
He everlastingly complains ; mi 
ne scias la kialon K I do not know 


the reason (the why) ; La rica 
* emtio, the ubiquitous wag. 


Vocabulary 


At)', age 
angul', corner, 
angle 

ape/, appear 
atak', attack 
a a sk nit', listen 
a atari', autumn 
harakt', struggle 
dat', date (time) 
divert', guess 
jal', fall 
//»</', fly (v. i.) 
f jajr ‘ gain, 

win 

f bn', trouhli 
disturb 

halt', come 1o a 
stop 

insist', a must 
insistent 
just', just, 
rigliteous 
koleg', colleague 
kondnk, con- 
duct, lead 
kondut', con- 
duct, be- 
haviour 

Icon ecu', suitable 
titting 

kost\ cost, price 
kulp'y fault, 
blame 

kutim', * custom 


krant', quantity 
farm' teartsnBsi.) 
land', praise 
mank', lack, 
want. 

memo/, mommy 
rnizeZ , misery, 
distress 

mode/, moderate 
mol', soft 
monat', month 
moniZ , show' 
(v. t.) 
mord', bite 
nari', nation 
naz , nose 
noil', noble 
o listin' , obstinate 
/Wafrw //.spring 
( season) 
prog res', pro- 
gress 

prof and', deep 
promo. s', pro- 
mise 

paid it', public. 
rn pid', rapid, 
fast 

snhit', sudden, 
instantaneous 
su/ir', sufficient 
snkces ', success 
ten' hold 
HZ, draw, pull 


Kxeh( jsh X. 

When you saw’ him with such 
a strange person, why did you not 
speak to me 7 Which are the four 
seasons of the year ? Spring, 
summer, autumn, winter. Those 
men, whose conduct I disapproved, 
suddenly attacked me, live at a 
time. What (how mueh) is to- 
day's date 7 ran you guess my 
age ? Where did you throw’ it 7 
The stone fell there. That is cer- 
tainly just. 1 never at any time 
met your colleagues of whom you 
speak. How mueh does this old 
hook cost 7 Team fell from her 
eyes one by one when she heard the 
reason. 1 ean never pardon (to) 
them their faults, hut when their 
conduct gains my approval then 
T will praise them. My memory 
always to some extent deceives 
me. The dog that harks loudly 
never bites. All ua lions progress, 
some rapidly, others slow'ly. The 
water here is rather deep. That is 
sufficient. We must work to earn 
that which it is necessary to have 
— that is, money. T nowhere and 
never said such words. 1 have as 
many cares as you. Why did you 
not listen to him ? When lie heard 
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my voice he stopped, and then for 
some reason suddenly ran into the 
house. I want to know what 
(that which) he said to ypu about 
such public matters. Here is 
somebody’s glove. Whose is it ? 

Key to Exercise IX. 

Unu jaro havas dek du mona- 
tojn ; Julio estas la so pa. Gi 
havas tridek unu tagojn, kaj sek- 
vas Junion. La cetera j monatoj 
estas Januaro, Februaro, Marto, 
Apnlo, Majo, Augusto, Septem- 


bro, Oktobro, Novembro, kaj 
fine griza kaj malluma Docem- 
bro. Gefiloj. Gefratoj. Genevoj. 
Geavoj. Goviroj. Gesinjoroj. 
Gefianeoj. Li flatas sin, sed li no 
konvinkis min. Hi ekridis. Mi 
ckpensas, ko vi volas trompi min. 
Mia nepo resendis la letcron 
al mi. Hi skribis sur pccon de 
papero. Mi sercis la buteron, kaj 
fine gin trovis sub la jumalo. Mi 
falis sur miajn genuojn, kaj 
juris ke mi redonis la monon. 
Matene oni vidas la sunon en la 

Continued 


oriento. Vespere gi estas en 
la okcidento. La kago pendas 
sur la muro ekster la domo. 
Hi trankvilo rometis la fluidon 
en la botelon. Miaj gekuzoj 
nutns la fisojn. La folio falis de 
ia arbo al la tero. Li falis 
en la riveron. Hi akompanis 
min gis la teatro. Ili penis 
konsoli sin, scd ne povis. La 
plej bonaj el ni devos morti kaj 
reiri al la tero tra la tomboj 
Terura vento ekblovis kaj la 
nuboj kasis la sunon. 


n ip T,f Contimu'd fn> 

v JlV-JCI* JTV. juvf n:J7f» 

SECTION I. ACCIDENCE 

Adjectives : First and Second De- 

clensions. The adjectival endings of the first 
and second declensions are usually os, y, op (masc., 
fen)., neut.). Tho feminine is declined like a 
feminine noun of the first declension, and the 
masculine and neuter liko nouns of the second de- 
clension. If a vowel or p precedes the termination 
05 , the feminine ends in a, not in q. Thus, ao(pfc, 
tra <jo<f>6v (wise) ; c\0p8s, £xOp&> tX^pbv (hostilo) 


Singular 


N. 

<ro<p6s 

(rotfn) 

<TO<t>OP 

{ e’xfyds 

e X 0pd 

txOpbv 

V. 

<ro(f>4 

(TOtprj 

<ro(f>6p 

ixOpt 

e X Vpd 

(Xftpdv 

A. 

<to<!>6v ao(f)i)p 

(ro(p6v 

ixOpbv 

iX&pdv 

txMp&p 

a. 

<ro<pov 

aotpq s 

crotpov 

ixOpov 

exOpds 

t’x^pou 

D. 

<ro<fiip 

1 ro(prj 

(TO(fup 

cxOptp 

WP9- 

iX°PV 


'j 


Du 

al 



r. 

A. 

j <70010 

oo0tt 

crotpu 

txOpu 

ixOp* 

ixOpw 

yj* y <ro<poiv cro<f>aiP <ro<poii 

tx^poiP 

ixOpoup 

iX&poiP 




Plural 



N. 

V. 

| ffo<poL 

oo<j>al 

ao<f>6. 

cxOpoi 

ixOpaL 

^pd 

A . 

(joyous crowds 

<ro0a 

ixOpovs 

i\0pds 

tx e p6 

0. 

<ro(pu)P 

ao<pwp 

(7O0WV 

ixOpuP 

4x0pup 

4x0 pup 

D. 

cro^>ots <ro<f> ais 

<70001$ 

1 4x0poh 

ixOpah 

4x0poh 


Note. The masculine form of the dual is 
often used for tho feminine, and forms liko ao<pd 
and aofyaiv are rare. 


Home adjectives in 05 , however, have only two 
endings, os and ov, the feminine ending in os 
like the masculine— e.g., ASikos, &81 kop, unjust ; 
4X0705, AX070V, unreasonable. 

Most adjectives ending in eos and 00 s are con- 
tracted, thus : xp v(r * 0 s, XP v<r ^ a ) Xpwlov, golden, 
becomes xP va °us, XP v(r V> XPW°v* > dpyvptos, dpyvp4 a, 
dpyvptov, silver, becomes apyvpovs, dpyvpa, dpryv 
povv ; and dvAdos, air\6y, air\6op, simple, becomes 
AttXoOs, a7 r\rj, aTrXoDv, in the next column. 

Thore are a few adjectives of tho second de- 
clension ending in us (masculine and feminine), 
uv (neuter), corresponding to the nouns of the 
Attic declension [see wefc]. Thus i'Xcws, gracious, 
is declined in the next column. 
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Singular 



Masc. 

Fern. 

Neuter 

Masc., 

Fern. 

Neuter 

N. 

aTrXoPs 

dvArj 

airAoup 

i'Xews 

lAecop 

A . 

clttAovp 

cnrAqp 

dvAoup 

i'Xfwv 

HAetop 

(r. 

cltcAov 

curArjs 

awAov 

i'Xcw 

t'Xcw 

D. 

dv\(p 

cnrAg 

cnrAtp 

tAtip 

tAetp 

JV., V., ^4.a7rXc& 

airAd 

Dual 

a7rXw 

lAcco 

tXcw 

G.y D . 

dirXolp 

dirAalp 

aTrXotv 

i'Xc (pp 

>Xe<f)v 

X 

f'nrXoi 

dwAai 

Plural 

airAd 

tXf (p 

i.\ew 

A. 

airAous 

cnrAds 

arrAd 

lA'ews 

iAeto 

a. 

dnAtbp 

cutAup 

a7T> LOP 

lAcup 

lAetop 

D . 

aTrXofs 

airAais 

aTrXofs 

fXftps 

tAeips 


Exercise III. 

Turn the following into Greek, remembering 
that adjective and article must agree with the 
noun in number, gender, and case : 

1. Of the simple girl. 2. To the hostile 
soldier. 3. Golden gifts. 4. Of the wise young 
m on. 5. The unjust girl (accusative). 0. To 
the silver sea. 7. Unreasonable laws. 8. Of 
the wise mind. 9. Of the golden temple. 
10. The simple judges (accusative). 

Third Declension Nouns : The stems 
usually ending in a consonant. 

The third declension includes all nouns not 
belonging to one or other of the two previous 
declensions. The stem of a noun of the third 
declension is generally found by dropping the 
termination of the genitive singular os or us : 
thus, A4up, A4optos, stem \iovr-. 

The cases are formed by adding the following 
endings to the stein : 


Singular 1 Dual 

Masc. <i' Fern., Ntr. Masc.,Fm.,Ntr . | 

Plural 

Masc. dbFem, Ntr. 

N. s none \ 

C5 a 

A . a or v none » e 

a5 a 

G. 05, <05 1 1 

UP 

D. i I 0lv 

<T4 
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Note. In the nominative singular and dative 
plural the terminations s and at respectively 
often become united with the last letter of the 
stem, as <pi>Xa£, guard, for <pv\a.K-s ; and dative 
plural 0 i'Aa£t, for <f>v\a.K-<n. 

Tlie following are examples of the commonest 
forms of nouns of this declension with mute 
or liquid stems : 

Masculines and Feminines 


6 n6pai-, raven ; 77 paant. whip ; 

Singular 

6 \tu'v< lion. 

Xom. Kopat. 

paartt 

X(U'P 

Vor. Kopat. 

pdant. 

\6op 

Arc. KdpaKa 

pdanya 

XtoPTa 

(!en. kdpaKos 

pdonyos 

\(OVTOS 

Dat. h6pa.ni 

pdartyt 

Dual 

XtoVTL 

X., V.f A. KOpaKe 

pdaTf)f 

\tOPT€ 

Gen., Dat. Kopdnotp 

paartyotp 

Plural 

Xf.OPTOlP 

Xorn.f Voc . k6i> arts 

pdartyt $ 

X(OPT( S 

ACC. KOpCLKCLS 

pdanyas 

X^orray 

Gen. KopaKiov 

uaariyuv 

\(6ptcop 

Dat. Kopatt 

paant i 

\to\>ai 

6 7rais, boy ; 6 or i) <)pm. bird ; 

Singular 

yiy ay, giant. 

Xom. TTCUS 

bpPIS 

yiyas 

1 OC. 7TUt 

tippi 

yiyav 

Ace. rraioa 

bppiv or 

ftpptda 

yl^avra 

Gen. 7ra coos 

ApvtOos 

yiyavros 

Dat. rratbi 

tipptOt 

Dual 

yiyavTL 

X T\, . 4 . TTClidc 

HppiOr 

ylyavrc 

Gen., Dat. rratS ore 

opviOoiv 

Plural 

y tydvTotv 

Xom., VoC. 7ratSf? 

tipptOrs 

yiyavTrs 

Ace. ircuSas 

6ppt0 as 

ytyavras 

Gen. Traidwp 

opplOwp 

ytydvTw 

Dat. ratal 

6 pvtat 

ytyaai 


Tn the same way decline the following nouns 
of this declension : 

(Jen. ring. Dat. pi. 


0 vein 

(f>X(fl6s 

<J)Xt\f/l 

6 y ity, vulture 

yvros 

ywf/i 

o at, guard 

fpvXanos 

ipuXati 

«7pi'f, herald 

K7jpVK0S 

tdipvb 

h iTTtpvii, wing 

rrepuyos 

TTTCpVtl 

V (rdXmyi: trumpet 

adXrv'/yos 

aaXnyti 

(pronounced salpinx) 


6 nail, claw 

cJia’X 0 * 

ftvvti 

o &va£, chief, prince 

Ct PdKTOS 

&pa£i 

(poetical voc. &va) 



h n't, night 

pvkto y 

pvtl 

d ySXtos, laughter 

yeXuTos 


'h EXXdy, Greece 

EXXd 5 oy 


v Kopvs, helmet 

kopuOos 

hopvai 

n Airly, hope (voc. Air l) Airl 5 os 

eXrlac 

ij Xapirdi, torch 

XapraSos 

Xapraat 

v trcLTpls, native land 

irarpdSoy 

rarplai 

o A^0ay, elephant 

fXltpavros 

iX(<t>a<n 

6 yipwv, old man 

ytpovros 

ycpovcL 

(VOC. yipov) 




6 68 o i'y, tooth 

65 6 vtos 

68 ovat 

6 notprjv, shepherd 

notpAvos 

iroiptai 

6 Xtprjp. harbour 

Xiptros 

Xiptcri 

6 ^EXXi/r, Greek 

U YjXX 7 )V 01 

"EXXi^flrt 

6 prjv. month 

prjvds 

pr)<rt 

6 cuwi', ago 

ai&vo y 

at toot 

6 winter, storm xtw&vos 

Xetpwai 

o i)y(pd)v } leader 

yyepdpos 

ijyfpdai 

i) xuop, snow 

Xtdros 

- 

d Saipur, divinity 
(voc. 5 a ipov) 

daipopos 

dalpoai 

o 8 cX<fii y, dolphin 

5 eX(f)tPO? 

5cX0?tri 

o dX y, salt 

dX5y 

dXoi 

o Ofy, wild beast 

Oiipds 

Or] pal 

6 Or)*, hired man 

(tyros 

Oycri 

ij pis, nose 

(cf. 

plPOS 

“ rhinoceros ”) 

ptat 

6 prjTup, orator 
(voc. pyjTop) 

prjTopos 

N UTTERS 

j) 7 )T 0 p<n 

t 6 aupa, body ; to irJpa. y, end ; to 
Singular 

tj-irap, liver. 

A., V., A. crwpa 

id pa y 

7^7 rap 

Gen. <ru) paros 

irtparos 

rjiraros 

Dat. atbpcLTL 

Trlpari 

Dual 

ijiran 

X V., A. atopare 

it (.pare 

rjirarf 

Gen., Dat. auparotv 

Ttparoiv 

Plural 

Yjirdroiv 

A., r., A. atbpara 

irtpara 

^irara 

Gen. aupdTojv 

irtpdrwp 

7 ]traTWP 

Dat atbpau t 

irtpacri 

ijiraat 


Like awpa decline rb w pay pa, thing, affair; 
(ra repay para = business). 


Third Declension Adjectives. Adjec- 
tives of the third declension have usually two 
endings, one for masculine and feminine, the 
other for neuter. Most of these end in yt 
(neuter es) and cop (neuter op), as dXrjOrjs. true; 
\f/(vdri<i, false ; TtXrjprjs, full ; tvdaipcop, happy ; 
tr^irwPf ripe ; aco^ptov. prudent. 'fliey are thus 
declined : 


Singular 


Singular 

Mane . <f: Few . Xeutrr . 

Mage . d ‘ Fem . X enter . 

N . dX 7 ] 0 r]s dXr) 0 (i 

X. 

tvha ipup (Pdatpov 

V . aXtiOts 

V . 

iv dat pop 

A . dXrfOi ] aXijOts 

A . 

tvdalpopa a ”' 8 a tpov 

G . dXrjOovs 

G. 

tvdaipopos 

(for aXyOtos ) 



D. aXrjOri 

D. 

(vSalpoPi 

(for dXrjOG ) 



Dual 


Dual 

N ., V ., , .... 

4 j <*\yOrj 

N .,\ 
A . 

r 

*’ j evSaipove 

G,, D. dXr ] 0 otP 

G., D. tnSaipdpoLP 

Plural 

N .) 
V . 1 

Plural 

N i 

y j aXr ] Ofis { tts ) dXr ) 0 r )( t a ) 

evdaipoprs cvdalpopa 

A . dXy ] 6 eis ( cas ) aXytir } 

A . 

evdalpouas e . v 8 alpova 

G . dXrjOQp 

G. 

€ v 5 atp 6 pu)p 

D. dXrjOiat 

D. 

tvSalpoai 

Some adjectives of 

the 

third declension, 

however, have only 

one 

termination, as : 


irinjs, genitive Wrijroy, poor ; diraty, Airaidos, 
childless ; dyvcbs, dyv&TOs, unknown ; fl/rauf, 
dpwayos, rapacious ; <j>vyas, <pvya8os, fugitive. 
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Verb “To Be”: dpi, lam. 

Pres. Indicative Imperf. Indicative 

1. Singular dpi. I aw %v or % I was 

2. el, thou art ijffda 

3. i(rri{v). ho is jjv 

2. Dual ifrrbv, you two are $ tov , you two were 

3. „ iffrdv, they ,, ,, i ) ttjv 

J. Plural iff p( v, we are vpcv, wc were 

2. ,, iffri, ye i^re fj™ 

3. „ dffl{v), they are 9/oav . 

Notes. 1. The first person dual of verbs is 
the samo^as the first person plural; it is not 
often used, and is therefore generally omitted 
in learning the verbs. 

2. In present or primary tenses the second 
and third persons of the dual are alike, each 
ending in ov ; but in past or historic tenses the 
third dual ends in r\ v (cf. tfryv above). 

X When k ttL and d<ri are followed by a word 
beginning with a vowel, they are written early, 
dfflv , for the f-ake of euphony or sound. The 
wiuie applies to most wordsending in ert (c.g., 
all dative plurals of the third declension), 
and to all verbs of the third person singular 
ending in f. Example : ol i-mroi xp^c M*ot d<rtv iv 
rip TroXipip, Horses are useful in war. This also 
holds good when anv one of these words ( e.g ., 
iffri, elffl, irivYfffi) is the last word in a sentence. 

Regular Verb. Xt'w, I loose : Present 
and Future Indicative. The great majority of 
Greek verbs have the ending w for the first 
person singular present indicative ; the only 
other onding is pi (cf. dpi), 

. Present Future 


1. Singular 

Xvw, 1 loose 

Xi'ffu, I shall loose 

2. „ 

Xikis 

Xuffeis 

3. „ 

Xi’ei 

Xi>ff€i 

2. Dual 

Xiurov 

Xvfferov 

3. „ 

Xi>€TOV 

XvatTOV 

1. Plural 

Xvopev 

Xvffopev 

0 

»» 

XvtTt 

Xvff€T€ 

3. t , 

Xi>ovffi(v) 

XOffovffi(v) 


SECTION II. SYNTAX 


The ordinary rules of Syntax (such as the 
agreement of a verb with its subject in number 
and person, tho agreement of an adjective with 
its noun in number, gender, and case) apply 
of course in Greek. These need not be reca- 
pitulated here. 

Rule 1. When any part of dpi , aui, connects 
the subject with a following noun or adjective 
the verb is called the copula , and the noun or 
adjective following is called the predicate. If 
in such sentences the predicate is a noun it will 
be in the same case as the subject ; if it is an 
adjective, it will agree with the subject in 
number , gender , and case— e.g., Oi yipovris d<n 
jrt]Topts, The old men are orators ; 0 i ijycpdve s 
’fjo^iv crw<fy)om. The leaders were prudent. 

Rule 2. In Greek a nominative in the neuter 
plural takes a singular vorb — as, Tex 6&pa i<rn 
Xfrfffipa, The gifts are useful ; Ta &<rrpa Tjv (j>L\ia, 
The stars were friendly. (The Greeks regarded 
neuter plurals as fanning a class, and as prac- 
tically equalling a collective noun ; hence the 
singular verb.) 

The next instalment of the Italian Couu 


Rule 3 . Several subjects connected by and 
(Kal) usually take a plural verb, and if the 
subjects aro of different persons, the verb is in 
the first person rather than the socond, and in 
the second rather than the third — as, *Ex0pol ^7^ 
Kal ffb iffpiv — I and you are enemies (literally : 
“Hostile I and you, wo are,” the emphatic word 
coming first). 

Rule 4. An adjective, with the article pre- 
fixed, is often used as a noun, the person or 
thing being understood — as, 6 <r o<p6s — the wise 
man ; oi dUaioi — the just ; n <ro<f>if) — the wise * 
woman ; rot &5ikol = unjust things, what is unjust 
(and so very often = injustice). 

Rule 5 . (Very important.) The article is 
not used with the predicate, only with the 
subject — as, 'otfpm 9jv rod y ipovros d&po v — Tho 
bird was the gift of the old man (not rb bupov). 
In this way it is easy to distinguish the subject 
from the predicate, whatever tho order of the 
words in the sentence. For example : A t5cbr* 
kclXos rijs Kbprjs 1)v 6 iroip^v = The shepherd was 
tho teacher of the gill. This rule will be found 
not to hold good in New Testament Greek, 
which is slightly different from Classical Greek. 

Exercise IV. 

[Words not found here have been given before] 
and, Kal I hope for, iXirti'u 

in, fr (governing dative) (takes accusative) 

basket, rb Kavov I say, Xiyut 

egg, rb ipbv time, 6 xp^ vo ^ 

I admire, Oavpdfa long, paKpbs, a, 6v 

soon, but, a\Xa 

wicked, KaKds, i], 6v unkind, dypios, a, ov 
I dance, I pursue, Siuku 

delight, i] x a p6 I fall, irlnria 

not, ov (ovk when next ancient, 7raXou6s 
word begins with a pleasant, repirvbs, rj, ov 
vowel unaspirated ; 1 run, rpixw 
oi>x when next word out of, from, iK (governs 
begins with an aspi- genitive) 
rated vowel i.e., a sad, oUrpos, a, 6v 
rough breathing) Deity, 6 5 alpuv 

that, 6n (conjunction) 

Put into Greek: 1. There are a boy and a 
girl in the house (say, a boy and a girl are in 
the house). 2. The houso is full of baskets, 
and in the baskets aro eggs. 3. The eggs were 
the gift of the kind old man. 4. The boy ad- 
mires the baskets : ho loosens his (say the ) outer 
garment. 5. Ho will soon loosen a basket. 

6. The girl is wicked, and dances with delight 
(simple dative without a preposition). 7. She 
hopes for the eggs: she says “The time is 
long.” 8. But the deity is unkind : he pursues 
the boy and the girl. 9. The basket falls : 
the eggs are ancient, and the house is not 
pleasant. 10. The boy and the girl run out of 
the house, sad and wise. 

Key to Exercise I. : Rhododendron, ding- 
nosis, agkura [pronounced ancura (Latin ancora. 
anchor)], metamorphosis, catastrophe, panto- 
mimes, Xerxes, Socrates, psalterion (psalter). 

Key to Exercise II. : i. tov veavlov, 2. roh 
bffrols. 3. r bv vat Wrjv. 4. roiv arparuhraiv. 5. roi 
vopol. 6. rip fatp. 7. oi rorapol. 8. rots iroXlrats. 

9. rov veilt. 10. TbffVKOv. if. Tijsv^irov. 12. al ndpai. 
appear* in Part 39 of tho Self- Educator. 
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By ALEXANDER FISHER 


npHE work of the hand is the first and last consider- 
i ation in the expression of art in metal -work of 
any kind. When speh is adequately given, the result 
is always sufficient to justify its existence. There 
is no art in any piece of work which does not possess 
t ho qualities obtained by hand work. To demon- 
strate this it is only necessary to try to think of 
;i machine producing a. work of art. Such a thing 
j, inconceivable, inasmuch as all art is the expres- 
sion of man’s thoughts and feelings. 'Hie hand 
well trained alone can achieve that. One of the 
most lamentable things is to witness the painful 
HTort of a worker to imitate the result obtained 
by the use of machinery. Tn the ordinary work- 
shop this sterns to be the great desideratum — - 
the si nr, qua non. That it is necessary, then, to 
make art objects with the hands implies also that 
the design must be such as can best be expressed by 
hand work. Hence it follows that all designs 
.should be made by one who not only knows the 
methods employed in the 
craft, but has also either 
practised it or is working 
in it. Not only so, but 
lie must also have the 
keenest sympathy and 
enthusiasm for it. The 
designer and craftsman 
should bo ono and the 
mi i no person, until he 
knows the craft so 
thoroughly that ho can 
ujile the work while being 
made by other hands than 
his own. For it is tho 
artist who, by working 
continually in a chosen 
mat erial , best under- 
st finds its capabilities and 
wliat beauties can bo 
wrested from it, as well as 
its limitations and suitable application. Tt. is this 
true appreciation of the qualities of a particular 
metal which calls forth the highest design. To make 
die point clearer, attention is called to the frequent 
misapplication of meta’-work, shown by the repro- 
ductions of woodwork, stone carving and plaster 
moulding, in wrought metal. This proceeds from a 
mistaken view of the use of metals, or the lack of 
' ither the knowledge of its capabilities or of 
invention and sympathy on t he part of the designer. 
Not only is this true of the material, but also of the 
process, as in the case of wrought and cast work, 
where the difference should be felt ancl understood 
throughout the- whole design. 

. Study and Practice. The study and prac- 
tice of. the craft should be carried on at the 
same time as the study of design, either upon 
paper or in wax. They should not be pursued 
separately — that is, at different periods, ono taken 
U P lor several years, and then the other — lest 
they both suffer. For by realising and embodying 
the idha or conception in metal, the mind gradually 


becomes accustomed to seeing clearly tho design 
being made from start to finish in all its parts. In 
fact, so clearly is it perceived, that after a time 
the conception will present itself as vividly before 
the mind’s eye as though it existed ill actual metal 
before it. Jt is one of the most difficult mental 
problems to design or draw anything without having 
a clear presentiment or vision of the object. Tlu* 
usual method i* to grope about over a piece of paper 
until something suggests itself from the number 
of lines sketched in, which, when it comes to he made, 
is found to look quite different from the drawing. 
Therefore it is best to advocate as a system of train- 
ing the development of a constructive imagination, 
by the continual practice of both tho design and 
the craft. They should never be regarded in the 
light of separate things. It is this unnatural divorce 
between craft and design which has been one of the' 
chief causes of most of the deplorable work of the 
beginning and middle of the last century anti 
much of tho work of to- 
day. And one can only 
look forward to tho time 
when they shall be united 
once more. Another de- 
terrent in the production 
of art of a lofty aim is the 
lack of interest- in fine art 
work of to-day displayed 
by the purchasing public. 
We are told that attention 
and devotion to ancient 
art is caused by the ab- 
sence of really fine work 
to-day. At least, then, 
let us remove this cause. 

Simplest Art is 
the Highest Art. 
Now, for reference only, 
the best Rtudy is to be 
found amongst- tho old 
work of the early periods of any civilisation. 
For specimens of goldsmith ing and jewellery, those 
amongst the ancient Irish, Celtic, Creek, and 
what is left of Egyptian, Coptic and Scandinavian 
collections are to be sought : for wrought iron. 
British, German, Flemish, and French; for pewter, 
Dutch, English, and German ; for silver, English, 
French, German, and Dutch ; for enamels, French, 
Gorman, and Italian. The earlier the date — in 
any civilisation of any piece of art work — the 
more generally does it imply the possession of 
those qualities which go to produce tho finest 
art, such as simplicity, directness, purity of 
motif , restraint, virile strength, imagination and 
severity, together with the utmost perfection of 
handling and colour as seen in its best in the Irish 
jewellery. The later the period the more significant 
of redundance, femininity, extravagance, preten- 
tiousness, poverty, and often impurity of motif — 
of conception, lack of breadth, simplicity, and the 
qualities possessed in earlier periods ; such art work, 
so-called, has nothing but complete banality in all 



1. VARIOUS TOOLS 

J. Steel straightedge li and C. Neivw-platos 1) and F. Slide* 
pliers JC. Drill and stock G. Draw-plate 11. Draw-tongs 
J, Silting dividers K. Wing compasses L. Mouth blowpipe 
M. Nippers N to T. Varieties of pliers 
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its parts, as scon at its worst in the French and 
Flemish Rococo, and periods under the influence of 
the Jesuit Bourbons. Tho decadent periods aro 
usually the precursors of social and artistic revo- 
lution. followed by a reaction affecting severity and 
simplicity, as seen in the Empire stylo of France and 
the Adams style in England. 

The True Value of Early Examples. 

The study of these styles or of any other should he 
for the sole purpose of under- 
standing from them the 
expression of given forms 
and contours, contrasts and 
arrangements of line and 
mass. Not merely for the. 
sake of the continuation and 
repetition of these styles, 
for no artist should be con- 
tent to repeat the forms 
of expression used by men 
who have had their day 
and ceased to he. Tint, is 
the wrong application of such 
study, and it is a sign of the 
times of how little is under- 
stood by the world of art 
when it is quite happy in 
seeing an endless purview of 
dead styles, thus causing oil 
the part of artists and de- 
signers all effort of a sincere 
and original kind to be re- 
garded as bail. This is pre- 
judice and indifference, that 
kills or must be killed. 

This is a grotesque inver- 
sion of the idea held with regard to science and 
literature, and of what is considered advan- 
tageous and progressive for them. For in science 
the reverse holds good. Tti literature it would 
be considered unworthy for authors to imitate 
the idioms, phraseology and words, as much as 
repenting the ideas of writers in past times. 

Study of Nature. Then, while studying 

ancient art, give more thought and reflection 

to Nature. Study her in all her varying moods, 
in her infinitely beautiful 
means of expression, from 
the smallest, herb and 
flowering plant to the 
great trees, the move- 

ment expressed in their 
gr»*at limbs under the 

strain and stress of the 
storm, and the movement 
of the waters of the sea, 
and again the cloud 
masses. Then consider 
the lines expressive of 
calmness and strength in 
the steadfast hills: but 
study her most closely, 
intimately, in the forms 
and movements of animal 
^ life, and of the human 
figure. Do not study with the intention of 
copying, so much as to analyse what feeling or 
intention can be best expressed by adopting similar 
lines, masses, contours, whether of strength, beauty, 
grace, grandeur, gentleness ; ascertain how she 
builds her forms and clothes them. 

Design. Referring in the most general terms 
to the broadest, principles of design, it is necessary 
to bear in mind only that the straight line is the most 
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beautiful of all lilies, and that any deviation from 
it is less beautiful. Thus the curve, which is nearest 
the straight line, is the one that appeals to us mos\ 
as in early Egyptian, Greek, Celtic, and Saracenic 
art. So also in relief, flat surfaces are pro- 
ferable to rounded, just as in the highest Greek 
form it is the flat planes and surfaces with the least 
curvature of parts which attain to that perfection 
of strength, beauty, and virility which one sees 
embodied there. Now, one of 
the great qualities in design is 
that described as largeness ot 
feeling.” By analysis of most 
of those works which are gene- 
rally conceded to be the finest, 
it will be noticed that this 
quality is maintained by sim- 
plicity, directness and single- 
ness of conception, and scale 
in execution. It will be ob- 
served that there is a total 
absence of short curves, of 
violent light and shade, ol 
prominent detail, and of con- 
fusion of parts, multiplicity of 
ideas, or complexity of aim. 
Detail, enrichment of surface, 
m* ornament, elaboration of 
plan, were used so as to em- 
phasise the beauty of the ban* 
spaces, and in so doing these 
gave great preeiousness to th<* 
enrichment. For it is apparent 
that straight lines, flat plain**, 
simplicity of plan stand for 
and represent the great abstract 
piality repow, and therefore continuity, which implies 
nlinity. In a similar way a curved line or surface 
repeated a great number of times suggests the same 
.piality in a minor degree. If follows that all masses 
:>r curves, such as waves of the sea, or elaborations of 
whatever kind, carried on in a strai'dit direction, 
repeated over a surface, represent the samo idea. 
The trunk of a fir-tree, as at might as n column, or the 
slight curving growth of a chestnut, both indicate 
repose, because of the straightness of the direction 
of their growth. Con- 
trast this with the gnarled 
oak. How eloquent it is 

of storms encountered 
and fought witlij »S*» 
that the broad principle 
is that continuity and 
simplicity, as represented 
by flatness of surface or 
straightness of direction, 
signify repose, infinity, 
and in the greatest work 
the sublime; and the con- 
torted, twisted, intersect- 
ing, are emblematic ot 
change. The smaller the 
curve and the mvn 
abrupt the angle of con* 
tour, the more rapid 
movement do they imply, and so on, in a descending 
scale. 

Applying the Principles of Design. 

These general outlines the student must try to fill 
in for himself, and in doing so he will doubtless 
encounter many obstacles. But. he will And ulti- 
mately that they arc true. He will meet many things 
in nature, apart from the disputations of his fellows, 
which seem to say otherwise. It is important that 
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the student should understand .the means of con- 
veying his intention. If he wish to attempt to walk 
along the high and lonely road towards the lofty 
planes of the beautiful, he will find it necessary to 
exercise great restraint oven while exercising his 
imagination to the full. He will find that the beaut i- 
*ful implies the abiding sense of continuity. Life 
itself is transitory in the individual, but continuous 
in the race. Reflect upon 
this, for it is generally under- 
stood that variety, change, 
and contrast are the most 
beautiful Qualities in art, 
whereas the contrary is 
proved to be thh case in all 
the greatest monuments of 
antiquity and the present day. 

Then, if in the greatest, 
surely ill the humblest work 
also. To take but two of 
the best known examples of 
different styles, the Par- 
thenon and the interior of 
Westminster Abbey. In the 
former the whole composi- 
tion is made up of straight 
lines and flat planes. The 
interior at Westminster is 
similar in this respect where i 

the shafts are simply a mass 4 . drilling with a drill in a S’ 
ot upright columns tied to- 
gether, which in their sustained length, gently 
;.nd slowly curving at the top into arches, give 
the almost extreme perfection of the expression of 
aspiration in repose. 

Harmony in Art Work. Yet it is also 
one of the axioms of design that suitability of 
purpose should govern a building, and conse- 
• luently the governing facts in its decoration 
should be that it is in har- 
mony with that purpose. So 
1 hat edifices of a serious great 
motive and intention shall 
bp decorated only with suit- 
ihle appropriate ornaments, 

|u->t as much as those of a 
lighter character. These re- 
marks seem to be so ob- 
\ iously true, and therefore 
unnecessary, yet how • often 
does one see our theatres dull 
und heavy, our drawing* 
r 0 0 m s uninspiring, o 11 r 
churches full of unsuitable 
crudities displaying the ut- 
most poverty of imagination 
■old inappropriateness of form 
and colour. All there is 
consists of only such orna- 
ments as can be stolen from 
historical document con- 
cerning the art of a ]>criod 
and religion of a character 

totally different from the 5. SOLDERING \\T 
present one ; in fact, every- FOOT B 

thing save that which should 
J>e in such places of worship, praise and prayer, 
the subject of design as applied to the right use 
of curves, accent, harmony, and other qualities, and 
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me appropriate treatment of materials, are dis- 
cussed in the article on Design. 

Metals, The number of known metals is con- 
querable, there being forty-five in all. The majority 
■ these are suitable in one form or another for 


art metal work, although very few are employed 
to any great extent. 

The following comparisons show the different 
properties and characters of metals, which are here 
arranged in the order of their suitability to the pur- 
pose named above them. 

Malleability. Olold, silver, copper, tin, lead, 
brass, zinc, phi tin uni, iron, aluminium. 

Ductility. Platinum, sil- 
ver, iron, copper, gold, brass, 
aluminium, zinc, tin, lead. 

Fusibility. Aluminium, tin, 
lead, zinc, brass, bronze, silver, 
copper, gold, iron, platinum. 

Alloys. Copper alloyed 
with zinc gives brass, copper 
alloyed with tin gives bronze, 
silver alloyed with copper 
gives standard silver, gold 
alloyed with silver and copper 
gives the different carats of 
gold. 

The junction of metals is 
attained by various means as 
follows : 

Tn gold work the parts are 
joined by solder made of gold 
and silver or gold, silver, and 
copper melted together in pro- 
l DRILL IN A STOCK portions according to the carat, 
of the gold. 

In silver work a solder is also used made 
of silver and copper. 

1 11 copper work spelter made of copper and zinc, 
and a solder of copper and silver in much the 
same proportion. 

In brass work spelter and a common silver solder, 
made of brass and silver is used. 

In iron work by welding and brazing. 

I11 pewter, lead and tin and 
aluminium by fusion, and by 
pewter solder. 

Nickel by silver solder. 

All metals can be screwed, 
tied or riveted together. 

That metals differ very 
widely in many resorts, and 
that they are hard and soft 
and of different colour, is 
common knowledge. Those 
differences can be modified 
considerably in most cases, 
which enables the worker to 
produce many things which 
otherwise would be impossible. 
Steel is the hardest metal. It 
is made from iron by intio- 
ducing carbon into it while in 
a molten condition. But it 
can be made into a soft, 
pliable, or rigid metal according 
to the different properties of 
carbon and iron, or as brittle 
I BLOWPIPE AND as gh>ss by different appli- 
LLows cations of heat and methods of 

cooling afterwards. Possessing 
this remarkable quality it has become the most 
useful of all metals. Copper is the next most 
useful metal. Tin, lead; and zinc aro largely used 
when mixed with other metals or applied to them. 
Cold and silver, besides being the most beautiful, 
are among the rarest metals found in the earth, and 
this prohibits them from being more generally em- 
ployed. Other metals such as cadmium, \ ana cl iu in, 
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palladium, nickel, mercury are untarnishabk* metals 
of a silvery <|uality, which are usually applied to 
other metals for their reflective qualities, and for 
the protection of others the surfaces of which 
would otherwise rapidly deteriorate through 
chemical change caused by the atmosphere. 

Processes In MetaUworK. In the mani- 
pulation of all metals, the same processes are 
employed. The main difference in treatment lies in 
the size of work and the quality of handling. In 
the precious metals, gold, silver, and platinum, 
I he handling should be kept tine and delicate accord- 
ing to the size and preciousness of the material — 
consequently the tools [1 1 are small and minute, 
whereas in making wrought iron they arc, com- 
paratively speaking, of enormous size. The hammers 
and punches, the drills and stocks, the, stakes, 
mandrels and files are naturally regulated by the size 
of the work. So that here we shall describe the pro- 
cesses in detail common to all, in reading which it 
will be necessary for the student only to think of 
his material — either copper, iron, steel, gold or 
silver — to understand the matter rightly. All metals 
can now be procured in the sheet, bar, rod, or wire 
of almost any dimensions. Most of these are pre- 
pared by machinery to-day, and are as perfect as is 
necessary for all intents and purposes. The method 
employed in making sheet metals is as follows : 

An ingot of the metal is east measuring and weigh- 
ing the proportionate amount to the sheet required. 
This is hammered into a flat piece, and after annealing 
if is placed between fhe steel rollers of the rolling or 
flatting mills [2J, and then rolled, the size being 
gradually reduced by the tightening of the rollers to 
the gauge decided upon. 

The gauge is a flat piece of steel about £ in. thick, 
and having along both its edges a series of slots 
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with a number marked below each for the pur- 
pose of quotations and referenco, as seen in tin* 
illustration. There are two gauges in general use 
in this country, which causes great inconvenience 
owing to the frequent misunderstanding of the 
numbers quoted, so that it is highly necessary to 
state the kind of gauge w'hioh is referred to in an 
order. The names of these gauges are “Metal 
Gauge” and “Birmingham Wire Gauge.” 

Sheet Metal. “ Sheet ” iron, copper, brass, 
gilding metal, are sold in sheets of varying dimen- 
sions, the most general size being about 4 ft. by 
2 ft. The limit is according to the size of the rolling 
mills. To Mr. Sherard Cowpcr Coles we are indebted 
for an improvement in this limitation of size as 
regards copper inasmuch as by electrically depositing 
copper upon a cylinder a much greater size is reached 
and greater saving in the cost of production. 

Annealing. Annealing is a word used to de- 
note the process by which a metal is softened 1<; 
its normal state after it becomes hard through bend- 
ing, torsion, hammering, rolling, or through any 
process which involves ("lie pressure of the particles 
of metal upon each other. Fine gold, tine silver, 
lead and tin do not become hard by hammering, 
but alloyed gold and silver, nevertheless, become 
hard enough to require annealing. Eaclrmetal requir- 
ing annealing is subject to the following treatment. 
It is first made hot, and kept hot equally all over, if 
possible, for a few minutes, and then allowed to 
cool gradually. In the ease of steel it is necessary to 
arrange so that it cools very slowly, protecting it from 
til.* air while so doing. Other metals do not require 
so much care, but brass, low carat gold and standard 
silver should never be cooled rapidly by plunging 
into cokl water, as may be done with copper. 

Cutting. For all the soft metals — gold, silver, 
copper, tin, lead, nickel, iron and bra,v> — if of an 
ordinary thickness a pair of steel shears or cutting 
pliers, or a metal-saw or fret-saw [3] is used for 
cutting. Shears can be bought either curved or 
straight, and suitable for cutting with the left hand 
or right. Mctal-saws of almost any size can also 
be readily obtained. For cutting hard metals or 
thick metals, steel chisels are used. The angle at 
which these are sharpened is a very w ide one, in 
order to keep the strength well down to its cutting 
edge, and they arc tempered to a straw colour. 
Fret-sawing is done by first drilling holes in the 
various parts to be cut out, and then passing the 
saw through, fixing it firmly in the frame, and 
sawing in the usual manner, keeping the saw at 
right angles to the sheet of metal. 

Tempering. Although tempering belongs par- 
ticularly to one metal only, yet, as it has to do 
entirely with tools, we must describe it lufre. The 
first thing in making a steel tool is to soften the steel 
by heating it to a pale red and allowing it to cool 
very gradually, and then, when cold, to file it into 
the desired shape if a straight tool, such as a chisel, 
and if for a curved tool, by bending it while red hot. 
Then, to tomper it, the steel is hardened by heating 
it again to a pale, red colour and plunging it into 
cold water. After this, one side is cleaned by 
emery cloth, arid then a blowpipe flame is applied 
to within an inch or half an inch, as the case may be, 
until this part appears blue and the tip an orange 
colour. The moment this is reachod the tool is 
plunged once more into cold water to arrest its 
further progress of softening. Now the tool is hard 
where it is straw oolour, but not brittle, and tough 
where it is blue, yet not soft enough to bend while 
being struck. Swords are tempered in the same 
way. 
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Drilling. Tn order to fix some parts of metal 
work together it frequently happens that they can- 
not he brazed, soldered, or welded together. In 
such cases the parts are hold together by rivets or 
screws. Before any of these operations can be per- 
formed the separate pieces must be drilled [4]. Now, 
drilling is done cither by means of a drill rotated by a 
bow, or fixed in a stork, or by a chuck placed in a 
lathe. A complete set of drills can be obtained 
from any- silver or copper warehouse. Tho whole 
operation of drilling is a very simple one, as it entails 
merely the fixing of the drill securely into the breast- 
plate if a bow is used, or into tho stock or chuck, 
and causing it to revolve rapidly upon a given 
point. Drilling is aided by the addition of a little 
oil placed at the point of the drill for soft metals, 
and of soapy water for steel. 

Soldering and Bracing. Soldering and 
brazing are identical in their process, which is per- 
formed as follows : The two surfaces arc cleaned 
thoroughly either by filing or soraping or rubbing 
with emery paper, and when these parts are tho- 
roughly clean the pieces of the metal are bound 
together with wire or hold in position by (damps, 
or are fixed in fireclay or upon other stouter pieces 
of metal, and then the parts to be soldered or brazed 
are painted with borax dissolved in water, and t li«* 
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•-older is cut into small pieces, which are placed 
i long the boraxed parts. When this has been done 
the whole is subjected to a red heat produced by a 
gas blowpipe |5]. In the case of small work, such 
as jewellery, a mouth blowpipe is preferable : but 
for large work a large blowpipe with a foot bellows 
is used. 

Wire-drawing. The process of wire-drawing 
[6] is performed by means of pulling the wire through 
a regular series of holes pierced ill a hard steel - 
plate by tongs. This plate is called a draw- {Ante and 
the tongs draw-tongs . As the metal wire becomes 
very hard and brittle in the process of drawing, 
it is necessary to anneal it repeatedly and to use 
:1 little oil when passing it through the plate. 

Hammering. The methods employed are 
practically the same as havo existed from antiquity. 
They consist of first raising the metal from the back 
■md then finishing it from the front. The softer 
metals only arc used for the purpose of making 
objects such as cups, tazzas, bowls, vases and other 
articles of a similar /form. The tools employed are 
those of the most primitive yet effectual character. 
They are hammers of various kinds [81, as shown 
hi the illustration, the size of which is naturally 
governed by the size of the object, Tho long-headed 
hammers , are listed for raising and drawing in the 
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O mul H are planishing hammers ; tho remainder are for 
raising, “ blocking out” and “drawing in ” 


metal, and the short, fiat ones for finishing and 
planishing, as it is called, with stakes, mandrels, 
angle wires, tee -pieces, etc. 

The detailed process of raising and drawing of a 
silver bowl, such as the one in the illustration, is as 
follows : 

Cut your piece of metal from a flat sheet No. 18 
metal gauge. Measure the edge of the design from 
the centre of t ho base of the bowl to its edge, and 
allow a quarter of an inch for cutting and filing 
this true at the end of the operation. Then strike 
out on your silver a ehclo, with this as tho radius, 
with a j>air 0 f atcel dividers. When this is done 
cut it- out with a pair of shears, and then place it upon 
a block of wood, similar to that used by a butcher; 
with a hammer made of buffalo horn strike it in a 
series of circles, with regular blows, holding the 
silver at an angle of about 25° to the block [7J. 
It is better if the block is slightly concave. Than 
anneal it. After it is cool, take the silver again, and 
by holding at rn anglo of 30°, repeat the pro- 
cess of hammering again ; and so on, until it is 
raised into a shallow saucer. After it has been 
annealed and pickled, turn it over on to a stake 
of this shape, and strike it on the outside in a similar 
way |9J, turning it slowly with the left hand as you 
ha miner it. 

The important thing to aim at is to direct each 
blow upon the part which is immediately in contact 
with the stake; each blow should produce a clear, 
sharp, metallic ring, and in this way the silver is 
stretched into the shape of the stake, which should, 
of course, be the shape of the cup at some part or 
another. From this it will he gathered tint tie* 
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A tn D. Side stakes E. Canister stake F. Side stake G. King 
mandrel H. Beck iron J. Square-faced stake K. Kinged 
stake L and M . Canister stakes N to P. Heads tor vice crank 
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stakes required (10] are considerable* in number, as it to be filled with pitch and placed upon a pitch 

is obvious that each section of a given bowl should block, or bowl, as the case may be. And the 

have its corresponding stake upon which the metal surface is improved by the gradual smoothing 

can be beaten into shape. When each complete and finishing with punches. Here parts are 

course of hammering has taken place, the silver made sharper and clearer, and there more soft 

must he annealed and carefully cleaned. Then the and delicate. In 12 and 13 are illustrated some 

operation of planishing completes the process. early specimens of art metal produced by these 

Jt is exactly the same as other hammering, except processes. 

that it is performed by a short, flat-headed hammer, Casting. The central principle of casting, of 
with a polished face. From its lowest part up to the which an example is shown in 15, consists in 

rim the cup is slowly and thoroughly beaten with making a mould and then pouring metal into it, 

it until all other hammer marks are erased, and a or depositing by electricity. There are three ways 

regular faceting of the surface lias been given to it. of doing this, properly speaking — by sand, by “ lost 

If it is perfectly done it should not. require to ho wax” (“ cire perdu*’ or “ cera perdu ta ”) or by 

polished afterwards. ■ electrolytic deposition. • 

The above description will apply equally to the The first is carried out by making a piece mould in 
raising of any forms in any metals. Such metals wet sand from a plaster of wax model, and then 

.is nickel and steel an* naturally unsuitable for this the parts are firmly placed together in an iron box. 

work, as they are too hard. The whole sand mould is dried, 

and the metal, while in a liquid 
state, is poured into it. 

The cire perdu, cera perdu tu, 
or lost wax method, differs 
widely from the above. It is 
briefly performed as follow's : 
After a plaster mould has 
been taken of the original 
model in beeswax, with the 
least amount of rape oil added 
to soften it, together with a 
little colouring matter, it is 
pressed into it, thus giving a 
model in pure wax. A core 
is inserted of briekdust and 
plaster, and on the outside a 
very solid mass of the same 
composition is put. Upon the 
model rods of wax are set on 
its prominent parts, passing 
up through the outer mould. 
After the whole mass has been 
subjected to a. continuous 
regular heat for some time, 
during which the mould has 
been drying and the wax run- 
ning out, the metal is poured 
into the main duet, from whi'di 
it is carried through the other 
duets on to the mould. By 
this means the whole thing is 
entirely dependent upon this 11 . MKTAL REPOUSSE SHRINK of practically reproduced as in 
and the size of the curves, ov FOURTEENTH century workmanship tho original, as the metal now 
parts in relief for their shape. occupies the exact position o* 

They are tempered straw' colour at their ends. The the wax, as though the wax had been transformed 

number of tools of this kind that a chaser possesses to metal. Further details of casting w'ill bo found 

is, as a rule, very great. As many as JoO arc often in the section on Sculpture. 

required if the chaser does a great variety of work. Electric deposition is simply the deposition of 
Then he has small riflles, which are pieces of steel copper or silver or gold into a gutta-percha o» 

having at each end a little curved or flat tong of vulcanite mould, which is immersed in a bath ol 

a file, either coarsely or finely grained. It is a solution of sulphate of copper, 

method of work which is capable of giving great Spinning and Turning. Two modern 
beauty and richness to metal surfaces. methods, which arc closely allied in their pro- 

After the design has been drawn or transferred to cesses, are spinning and turning. They are 
the back of a sheet of metal it is traced — that is, mechanical methods, and are to be decried for 

gone over with a flat blunt chisel-shaped tool, many reasons, the most important of which is given 

which is struck regularly with a chaser’s hammer at the beginning of the introduction. Vet it is 

while the tool moves slowly along the line. The necessary and advantageous to know how to 

parts which are to be raised arc forced up in tho accomplish a piece of true spinning and turn- 

same manner with larger, rounder faced tools ing — for this reason, that there are frequently 

of the same convexity an that part of the relief. parts of an object in metal which have to 

This is repeated, using different suitable tools until be exactly fitting and corresponding to other 

the whole presents from the other side a roughly- parts in their construction, so that they can- 

embossed relief. After it has been removed from not be so well or quickly done by any other 

the pitch and cleaned, the back now requires means. Examples of the method of making 
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Embossing, Repousse* 
Chasing. Iimluntshig and 
chasing arc terms applied to the 
methods of enriching an object 
in metals by relief, produced 
through heating it with punches 
which arc struck by a hammer 
first from the hack to raise parts 
and then from the front to sink 
others, and to finish (lie raised 
parts. 

The simplest form of embos- 
sing is done upon a lead block, 
and for large, simple decorative 
wrought work it is quite suffi- 
cient. But. the* liner kinds of 
“repousse” or “embossed” 
work l«Jnr e done upon a com- 
position of pitch, plaster and 
oil. The great draw back to this 
composition is the amount of 
lime taken up in fixing the 
plate to the pitch, and taking 
it off and re-cleaning it. But 
there is no other composition 
half so good. The tools arc 
made from square steel rods, 
which arc cut into lengths of 
(i in. or 7 in. each, shaped at 
the. ends according to the re- 
ouirod line or relief. They are 
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various objects will be illustrated and described 
in detail. 

Spinning is a method which achieves the same 
result, upon a piece of sheet metal as is produced by 
hammering. The manner in which this is per- 
formed by hand without the aid of power is as 
follows. First a shape, in its simplest contour, 
resembling that of the bowl, cup, or other object, 
is turned in a hard wood, such as box, beeehwood, 
or mahogany. Upon this the metal is securely 
lixed, with its centre placed exactly against the 
hack-centre of the lathe. Then the “ chuck,” as 
the wood shape is termed, 
i- revolved, carrying with it 
the metal dise, and while 
revolving, the end of the long 
>deel burnisher is pressed with 
considerable force against the 
chuck, the handle forced 
underneath the armpit, and 
the middle of the tool sup- 
ported on the slide rest, so 
that the whole weight of the 
body enn be used. This is 
aided cither by the lathe being 
placed as near to a wall nH 
would allow a man to put his 
back against, or a leather 
strap fastened to the lathe, 
which goes round his back, 
thus enabling him to push 
with great force the nur- 
uisher upon the metal, and 
*o press it down upon the 
wooden shape. When the first 
f'hape has been reached, the 
metal is annealed and the 
wood is taken a further 
stage. Then the metal is 
turned a little more into the 
shape desired. The metal is 


then again fixed against the wood, and the 
process repeated until the object is finished. 

Turning in metal is similar to any other turning. 
Sharp-edged, chisel-shaped tools are employed, 
such as are shown in 14, while the metal, solid, 
or hollow, or held securely upon a wooden shape, 
is rovolvcd upon the chuck. These tools cut 
into the metal, giving the required form. All 
tho tools mentioned are, with the exception of the 
lathe, of the simplest possible description. There* 
are in large workshops innumerable varieties of 
most of these, but they are generally such as arc 
for large work and thick 
metal. They are time-saving 
machines where a number of 
men are employed, but are 
too costly for small work- 
shops. The lathe, however, 
is almost a necessity, for with 
it many things can he done 
with ease which otherwise 
would wasto tho lime of the 
iirtist craftsman. 

The most suitable metals 
for spinning are gold, copper, 
silver, brags, and pewter ; 
and for turning, brass, silver, 
and copper. 

Acids. The acids which 
arc used in metal-work and 
enamelling arc sulphuric, 
nitric, hydrochloric, muriatic, 
hydrofluoric. They are em- 
ployed for different purposes. 

Sulphuric acid , mixed with 
water in the proportion of 
1 part of acid to 20 parts of 
water, is the most useful for 
cleaning copper, silver, and 
gold, both before and after 
soldering. It cleans the metal 
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in both cases, so that in the first place the sokh r 
runs smoothly, and afterwards it dissolves the 
borax. Jt is most advantageously used when 
heated to boiling point. The first- operation in 
cleaning metal — that is, of leaving the metal in 
cold sulphuric acid and water — is called 'pickling ; 
1 lie second is generally referred to as boiling out. 

Nitric acid , or aqua jortis . is used in the process 
called dipping copper or brass nl> juris. That is, 
after a piece of copper or brass has been cleaned 
in pickle, otherwise sulphuric acid and water, it 
is held on a copper wire and dipped into a bath of 
aqua fort is, which is commercial nitric acid. For 
most dipping it is sufficient, to use it below the pure 
state. Dipping is a term given to the? process of 
sudden immersion and removal from the bath, by 
which a brilliant surface is given to the metal. 

Hydrochloric , or aqueous sulphuric acid, is some- 
times preferred by goldsmiths for cleaning gold 
and giving it a yellow colour, as it dissolves the 
alloy of copper. It is also occasionally used in 
cleaning copper, particularly when it is to be 
electro-gilded afterwards. The most general uso 
to which it is put is in what is termed “ soft 
soldering,” that is, soldering with powder solder. 
For this purpose the acid— -or, as it is popularly 
called, spirits of salt — is killed by dropping particles 
of zinc into the acid, 
which is then put upon 
the parts to be* soldered. 

Aqun regia is a mix- 
ture of hydrochloric and 
nitric acid. 

Muriatic acid is largely 
used in colouring gold 
articles. 

U y dr o fluoric acid 
attacks any kind of 
enamel or glass. It de- 
composes tiie silicates, 
which are the chief parts 
of glass. For the pur- 
pose of removing any 
portion of the surface of 
enamel, or for dissolving it entirely, this acid is 
the only one which can be employed. It is a very 
dangerous acid, and should be used with great- care. 

Polishing. If a surface of metal be rough 
through filing, the method of smoothing and polish- 
ing bv hand is as follows, 'fake rough emery cloth 
and rub it all over until the file marks are removed ; 
then use a finer emery cloth, in grades, until the 
finest is used. After this, take powdered pumice 
and oil, and with a stiff brush scrub it all over until 
a smooth surface is obtained. Then, with a soft 
woollen or worsted material and rottenstone 
mixed with oil, rub it again, when a dull polish will 
be given. Then, with a chamois leather and rouge 
polish it brightly. To polish in a lathe the same 
means are employed, save that mops, buffs, and 
laps are employed, fixed on the chuck. 

Burnishing, By the use of a burnisher, 
either of steel, hematite, or ugate, a still higher 
degree of polish can be obtained. Burnishers are 
made in all kinds of shapes to meet the require- 
ments of the article to be burnished, and are used 
with a little, soapy water. Continual light rubbing 
in various direction <, while the object is held 
rigidly in a piece of fine tissue paper or chamois 
leather, produces r. brilliant burnished surface, 

Engraving. Properly speaking, this art is 
the oldest of all known methods of enriching 
metallic surfaces, as it i: found in the earliest 
periods of the Bronze Age. For with a pointed 
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instrument made of hard stone, such as a flint-, it 
was found that a line could be scratched or cut in 
the metal. From this to the exquisitely engraved 
work of the Irish Celtic jewellery [16], and later of 
the fifteenth and sixteenth centuries, is, after all. 
a small step in result, yet it. took ages in its achieve- 
ment. The great obstacle in the development was 
the tardiness with which the discovery of steel was 
made. From the smelting of bronze to that of iron 
whole periods of the struggle for existence and for 
man’s development passed away. Then, from the 
forging of iron to its conversion into steel, even in 
the most primitive form, necessitated long stretches 
of time in human advancement. The conquest of 
material and the subjugation of natural forces to 
man’s will is a slow one, even when, as now, the 
greatest talent is devoted exclusively to that 
articular direction and aim. When the mind has 
een taught to rely upon itself for aid, and has been 
slowly but laboriously disencumbered of all the 
wild phantasmagoria inherent to the savage man- 
child, w r e come to the development when we can 
go out and obtain in the simplest fashion the steel 
graver of to-day. 

Engraving Tools. Yet no discovery which 
simplifies things for the many is entirely without 
its drawbacks for the individual. The tools 
which, as in this case, are 
to he used directly by the 
hand must be such as 
will suit, the hand of the 
operator using them. 
Therefore, when you ha ve 
purchased them, the first 
thing you will find is 
that it is necessary to 
shorten the tools and cut 
the handle to the. shape 
of your own particular 
hand. Many engravers 
find it advantageous to 
employ a long handle 
with a small, roundish 
head that will fit- into the 
palm of the hand. Others prefer a short handle. 
Again, most of the tools, gravers, spjtzstieklcrs, 
scorpers, etc., are cut at a too oblique angle for 
metal engraving — which causes the edge to be 
liable to break. The first tiling to do, then, is 
to make the tool and handle fit your own 
hands. If you find it advantageous to shorten 
the tool, you must first of all soften the steel by 
heating it to a pale red, and then allow it to cool, 
after which you file it down, smooth it up with emery 
cloth, and then temper it as already described. 
Then sharpen upon an oilstone (fine Turkey stone is 
the best, and should always be kept clean ami 
covered, to protect it. from dust). Jn sharpening, 
take care not to cut the stone into grooves, or yon 
will spoil it, and it will be of no further use. 

The next thing to do is to fasten your plate, or 
cup, or whatever tho object is, firmly upon a 
stick or block, as the case may be. For small work, 
such ns a ring or pendant, place some melted resin 
on the end of a round stick, then warm the resin, 
and fasten tho article to it. If, on the other hand, 
the object is a cup or large object, fill it with pitch 
and put it upon a pitch block as though for chasing. 
Then hold tho arm rigidly, the thumb pressed 
firmly against the plate, and by pressing with 
the back of the hand forward and rotating the stick 
—or block— in a contrary direction as the design 
may require, tho line will be out. It is obvious 
that the tool must cut along laterally, and not in a 
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downward direction, and it 'is by constant practice 
that this is acquired. The line is then cut deeper and 
broader, according to the boldness or delicacy desired. 

F o r different 
effects the line 
h cut hollow, 
curved, V-shaped, 
or flat ; for each 
of these the tool 
must be accu- 
rately made. It is 
a good thing to 
practise cutting all 
sorts of curves by 
different gravers 
and comparing the 
result, and then 
examining the 
best work through 
t h e knowledge 
thus obtained. 

For damascening, 
niello, and enamel- 
ling the same pro- 
cess is employed, 
with this sole diffe- 
rence, that the 
) tarts in which the 
^old or silver is to 
he let in the steel, 
as ill damascening 
— or the sulphide of silver and lead to be melted 
in ns in niello, or the enamel fused in the spaces 
cut out as in champleve enamelling — the parts are 
cut much deeper than is the case 
/or engraving simply. These la tter 
processes will be described under 
their proper headings. 

Engraving, oil a small scale, 
either for gold, silver, copper, brass 
or iron is invariably done by ti e 
unaided pressure of the hand 
holding the graver. Blit for large 
work, such as memorial brasses 
for inscriptions, hammer and 
chisels are used. In this ease the 
chisel is held in the left hand and 
struck with a chaser’s hammer, 
much in the same way that re- 
pousse tools are used, save that 
instead of beating the chisel while 
holding it at right angles to the 
surface of the metal as in repousse, 

Hie chisel is held obliquely at 
about an angle of 15’. Little 
pieces are flaked off at about 
‘‘very third blow. Another method 
is> properly described as etching, 
but it is often erroneously referred 
to as engraving by acid, and docs 
not come into this category. 

Die-sinking. Die-sinking is 
very intimately connected with 
engraving and carving. Carving is 
very rarely done, as metal tloes 
not yield to such treatment as well 
as to other methods described. 

But die-sinking is one of the most 
common of the operations to which 
metals are subject, and it is at the same time a 
distinct method, so that it requires adequate 
description. It is generally used in striking medals, 
coins, badges, or other articles in bronze, copper, 
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silver, or gold, in which tine detail is required, and 
where the work is to be reproduced many times. A 
block of steel is used. It measures across the face a 

little more than 
the piece to be 
struck, and deep 
according to the 
size of this face, 
in order to with- 
stand enormous 
pressure. T h c n, 
upon this prepared 
surface — that is, 
a perfectly true 
smooth surface — a 
mould is carved 
with steel chisels, 
gravers and riffles. 
A very careful 
model is made in 
plaster, and is 
then copied in the 
steel. It is a work 
which requires the 
greatest know- 
ledge of the use 
of tools, as well 
as the most care- 
ful concentrated 
effort. A really fine 
knowledge, of form 
and modelling is absolutely necessary. While the 
process of carving or die-sinking is in progress* wax 
impressions must he repeatedly taken in order to 
see how the work is going on. 
When it is complete, the surface 
must bo tempered, and upon this 
being satisfactorily accomplished, 
the die is placed in a press, or 
underneath a heavy bolt, raised by 
a pulley and dropped, and the 
metal disc is struck. If the die 
is not properly annealed and tem- 
pered it will crack in this process. 
The metal disc also must bo of the 
softest description and carefully 
annealed. 

Niello. Niello is an inlay of 
an amalgam of silver, lead, and 
copper, in the proportion of 12 parts 
of silver, tw o parts of copper, and 
one of lead, to which is added 
powdered sulphur in excess, while 
the mixture is in a fluid state in the 
crucible. This is pulverised when 
cold, and into the engraved parts of 
sil\ er, gold or copper the powder is 
placed. But before doing this it is 
necessary to apply a little borax, 
and run it well on to the engraved 
parts, then the powdered amalgam 
is shaken all over the metal thickly 
and baked. After it is withdrawn 
and the defective- parts mended, 
the whole is rubbed down with files 
and emery, and finally polished. It 
was at one time very largely used 
upon silver. A considerable amount 
is still done in Ttaly and Spain, but 
it has never been very much in request in England, 
probably owing to its absence of colour. The 
great examples are the altar frontals at Pietoria 
Cathedral and at the baptistery at Florence. 
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Man Must Live Not for Nosv Only, but for Ever. A Fair Field and No Favour 

Gout linn* 1 frutu 

for Truth. Factors that Mould Society. The End of the State is Liberty for All 


By Dr. C. W. SALEEBY 


NT ATI’ RE’S rule lias always been “a fair field 
and no favour.” I^et the strongest and the 
fleetest win ; whatever can survive may survive. 
But there is to be no shrinking from the contest : 
“natural selection is tin? dread ordeal which must 
lie gassed by every aspirant to existence.” It is 
a law at once benign anti terrible. The conditions 
must be the same in the battle of ideas. IVe must 
liave a fair field and no favour. “ Established” 
ideas, whether they lx* those of established 
Churches or Royal Academies, or Royal Societies, 
or the House of Lords, must come out into the 
open. If they are right they will win: and if they 
are lies, is not an established lie the worst of lies ? 

No Quarter for a Lie. This trans- 
ference of the plane of struggle has a detinite 
interest for the moralist. 'Though natural 
selection acting on the physical plane is 
benign in the last resort, yet it is terrible. 
Nature has no mercy on the unlit, and they 
die of murder, cannibalism, or starvation. Rut 
when the battle is transferred to the plane of 
ideas, this terrible aspect of the defeat which is 
always implied in victory is found to vanish 
completely. Suffering now accrues only to those 
who will not bend the knee to the truth. As 
for the lien ten and exposed idea, it is not a 
sentient thing, blit an abstraction, and it cannot 
suffer. On the plane of the physical there is 
good cause for some mercy to the defeated, even 
though their defeat is a necessary condition of 
progress. But on the spiritual plane there is no 
need for mercy at all. It is a misplaced tender- 
ness then, that would deal gently with lies, l^ct 
them he gibbeted as such ; it does not “ hurt ” 
them, and it is in our highest interests. Let the 
fight be fought without mercy and without 
quarter. I.iet our motto be “ No quarter for 
lies.” This is no place for mercy. Lightly 
to estimate a lie is lightly to estimate the 
truth which it belies. But in this great struggle 
to which we are all called we must distinguish 
between the idea and its personal champions. 

Error is Not Sin. No better illustration of 
the principle which we are trying to express can 
be found than in the w ell-know ti saying that “ Cod 
hates sin hut loves the sinner.” There is to be 
no quarter for lies, but we are not to confound 
tl|e lie with Kim who mistook it for the truth. 
We are doubtless in the same case ourselves 
as to many of our beliefs. It is not immoral 
morally to hold an immoral doctrine. At one 
time, when first there began that great battle 
of ideas which is the great fact of our time, it 
was held that the holding of a false belief was 
the net of an evil will : “ Error is sin.” “ Bi«hop 
Martensen once declared that Hie only explanation 
of the defection of men like Kant, Jacobi, Schiller 
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and Coethe, from the doctrine of the Church W'as 
that in the depths of their hearts they enter- 
tained an antipathy towards the holiness of the 
Codhend.” On the contrary, w r e must combine 
with our warcry, ‘‘No quarter for lies,” a recog- 
nition of t lie imperfection of the human mind and 
the humility which knows that even a Newton is 
only a child picking up pebbles on the shore of 
the ocean of unpluinbed and illimitable truth. 

The Search for Truth. Says Herbert 
Spencer in his great discussion of the reconciliation 
between religion and science : “ Tn proportion as 
we love truth more and victory less, we shall be- 
come anxious to know what it is w hich leads our 
opponents to think as they do. We shall begin 
to suspect that the pertinacity of Micf exhibited 
by them must result from a perception of 
something we have not perceived. And we shall 
aim to supplement t lie portion of truth we have 
found with the portion found by them.” 

If the reader asks whether we are straying 
far from sociology let it Ik* answered that, on 
the contrary, we arc at the very heart of our 
subject, for we have been endeavouring to 
discuss, upon the basis provided by the solid 
ground of Nature, those great principles which 
underlie all the possibilities of social progress. 

The reader remembers the great quotation 
from Wordsworth, of course : 

“ Tn the solid ground 

Of Nature trusts the mind which builds for aye *’ 

If we use the great names conservative and 
literal in senses worthy of them, so that 
they are really capable of analogy with heredity 
and variation, we may distinguish in society 
certain forces or institutions or individuals 
who stand for perpetuation, and others who 
stand for innovation. Tn general terms, 
then, we find that the most vigorous and active 
years of life display the tendency to liberalism, 
or variation, whilst old-age displays a tendency 
to conservatism, or to the perpetuation of wlmt 
is already established. 

The Conservatism of Old Age. This 
conservatism of old age is, needless to say, an 
extremely valuable complement — the old man 
would say antidote — to liberalism, the openness 
of mind, the readiness to accept the new, which 
is more characteristic of youth. It is worth 
noting that the conservatism of old age, which in 
a man’s second childhood is extremely marked, is a 
return of the marked conservatism of childhood 
itself. There is no more conservative society 
than that of a boys’ school. It may also be 
noted that in primitive societies, corresponding 
to the childhood of the race, conservatism 
is the rule — the laws of custom being 
law r s of iron. Whilst saying these things wc 
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must not underrate the value of the reason- 
able conservatism of elderly men and women. 
These constitute by far the most valuable con- 
servative forces of society, for they have had 
experience, which means that they have gono 
some way at any rate towards proving all things. 
On the other hand, government by grey-beards 
without its complement, the influence of youth, 
has always proved itself disastrous. In an 
ideal society, where all men are philosophers, 
youth and age will perfectly understand their 
respective tendencies and will perfectly under- 
stand that the best results follow, not when 
youth has its way, nor yet when age has its way, 
but when the tendencies of the two are combined. 

The Conservatism of Women. Turning 
from individuals to the sexes, we must recognise 
.that, on the whole, men constitute the liberal sex 
and women the conservative sex. Women prefer 
to make the best of existing circumstances and 
customs and to insist upon their good points, 
whilst, on the whole, the male tendency is in the 
other direction. As a sex, women are certainly 
less apt than men to accept the new for the sake 
of its novelty. The Athenians who were con- 
stantly desiring some new thing were not 
Athenian women, but Athenian men. Now, 
just as Nature witli her amazing wisdom makes 
provision for a due supply both of conservatism 
and liberalism by means of the respective ten- 
dencies of youth and old age, so also does she 
make this provision by means of the respective 
tendencies of the two sexes. Very conspicuous 
amongst the consequences of the conservatism 
of women is their adherence in all places and 
ages to Established religion. This is a demon- 
strable truth of history of the most marked and 
salient kind, and it is by means of their support 
of Established religion that women at all times 
have most potently exercised their conservative 
influence upon society. 

The Chief Conservative Force in 
Society. For now we must recognise the most 
important sociological truth — that the chief con- 
servative force in all societies is the Established 
religion. If we ignore the relative values and 
qualities of different religions and simply look 
upon Established religion — whether Fetich ism or 
Buddhism does not now concern us — as a con- 
stant social fact, then we may fairly argue 
that the most important and characteristic 
function of ecclesiastical institutions in general 
is tho conservative function. In all Estab- 
lished religions we find the uniform conser- 
vative characters. “ Every religion insists 
upon the peculiar authenticity of its origin, 
and the essential finality of its pronouncements. 
Tho official exponents of every religion have 
everything to gain and nothing to lose by con- 
servatism. Every religion inclines to teach 
that it has already proved all things, and that 
nothing remains save to hold fast to that which 
it has proved to be good and true. Every religion 
goes even further. It invents a special name 
for variation, and, on the assumption that, 
perfection having been already attained, all 
variation in belief and practice must be bad, 
it calls such variation heresy, and condemns it 


outright. Whenever it has the power it su ppresses 
the heretic, if possible, with such accompaniments 
as will serve ‘pour eneourager les autres.’ ” But 
the founder of every religion mis a heretic. 

Established Religion of Society. 
If we attempt to look upon the conservatism 
of ecclesiastical institutions in a really judicial 
way w r e shall recognise that-, despite its 
evident evils, it has served great purposes. In 
various times and places it has made for the 
strength and persistence of societies. It has 
helped to give them that internal unity which 
has made them strong against/ external foes. 
Much, indeed, might be said, if space availed, 
in proof of the proposition that the conser- 
vatism of Established religion has been of value 
in the progress of society. In the present 
writer’s judgment there is one most con- 
spicuous instance of this. It is furnished 
by the Christian Church in its patronage and 
support of the fundamental social institution 
of marriage. Here is a ease where “ that which 
is good” had already been proved good by the 
action of natural selection through many past 
ages. The Christian Church, in due accordance 
with the conservative character which is common 
to all religious systems, high or low, has persis- 
tently held fast to that which is good in the 
instance we are considering. When the time 
comes to estimate the services and the disser- 
vices of ecclesiastical institutions in general, 
recognition will have to be paid to the incal- 
culable service rendered by the Roman Catholic 
Church during many centuries by its patronage 
of marriage ; and the true man of science will not 
hesitate to pay his tribute even to ecclesiastical 
conservatism acting upon intellectual progress. 

The Greatest Battle in History. For 
w hat , when we come to think in terms of principles, 
is the explanation of the age-long conflict between 
religion and science— a conflict which has always 
been of great sociological interest, and which, in 
the present day, is perhaps the most salient 
of all sociological facts ? Is not the answer that, 
while religion is essentially conservative, science 
is essentially liberal ? 

We have already contemplated the organic 
world and its history as the theatre of an age- 
long, bloody, and yet. ultimately benign struggle 
between the representatives of the tendency 
to persist and the tendency to change. Wc have 
already seen cause to think that human society 
is also the theatre of one and the same conflict, 
and further, that, as in the older ease, the issue 
of the conflict will determine the future. Now 
it is in the conflict betwTen Established religion 
and science that we see the old struggle still 
waged, though now in its highest and most 
important form. Man is essentially a spirit, 
and not a muscular machine. The essential 
struggles of man, the essential struggles of 
human society, are therefore no longer 
mechanical or muscular but spiritual, and it is 
in the struggle between Conservative Religion 
and Liberal Science that we see the battle 
of ideas fought on a scale and with consequences 
which constitute it the Armageddon — the 
supreme battle — of all history. 
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On which side would you have us range our- 
selves ? the reader may ask. And to this there is a 
sure answer. If our analogies mean anything, if it 
was worth while to study heredity and variation 
in sub-human life, if all that we have been 
saying hitherto is not nonsense, the answer 
is that we are to range ourselves on neither side. 
Not because we do not care, but because we 
are beginning to get a perception of a whole 
truth, and can no longer shut our eyes and tight 
to the death for half truths. Heredity and 
variation are both necessary. Conservatism and 
liberalism arc both necessary. Each without 
the other would mean disaster; each is a half 
truth. 

Half Truth is Not Truth. In all time 
the battle has been fought between those 
on either side who, so to speak, believed 
that, the half-truth was the whole-truth, and tin* 
upshot has been that the strong and wholly true 
thing has ever tended to emerge, and having 
emerged, to persist. Now there are t hose to-day. 
as in the past, who still rank definitely on the one 
side or the other. There are living ecclesiastics 
who say that they cannot lot go one -word of 
the Bible or else the whole must go. Of all 
conceivable forms of “ unbelief ” this is surely 
the most horrible. On the other side are those 
who would utterly abolish all Established 
religion and all religious beliefs. For such men. 
whether of the one party or the other, then- 
perception of even their half-truth is so im])orfeet 
that nothing better can happen than their 
mutual destruction, the speedier the better. The 
bigoted ecclesiastic and the bigoted atheist still 
survive, and though they serve no great or 
good purpose, at least they may show us how. 
in the transmutation of the struggle for life 
from the merely physical to the psychical, the old 
metaphor of battle becomes no longer applicable. 
It is applicable to such as those, who, indeed, 
would cheerfully kill each other if they could. 
But we shall now' see that in the higher at niggle 
of to-day there is a new 7 and beautiful metaphor 
which will replace the old. 

Many Roads Lead to Truth. The 
true metaphor to-day, wo think, must be derived 
not from the idea of battle, but from the idee 
of marriage and parentage. Battle was no 
metaphor, but the literal truth, so long as the 
struggle for existence was physical and resulted 
in the survival of the physical. Now' that the 
struggle for existence has been transferred to tin* 
plane of the psychical, the idea of battle is 
applicable only to contests between absolute 
truth and absolute falsehood. But reasonable 
persons nowadays, influenced by the great idea 
ef toloration, are coming to see that, whatever 
their opinions, nothing more than approximation 
to the truth is possiblo for finite man, and to 
truth the many-sided there are many approaches. 
The wise and fruitful view', then, alike for the 
conservative-minded, who see the valuable 
aspects of established things, including religion, 
and for the liberal-minded, who see the need of 
new things and who can scarcely keep their 
hands off what Hoffding calls “ the dead values ” 
which religions tend to drag about with them. 
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is that nobly expressed by Spencer in a passage 
which we have already quoted. It is the idea of 
union consummated between the truth partially 
perceived by one type of mind and yet another 
truth partially perceived by another, the fruit 
of such a union being a yet higher and deeper 
truth that neither side could formerly perceive. 
Thus, at last, we may be “ led into all truth,” 
and so attain the goal of the mind Of man. 

The Factors of Progress. And this, 
to our mind, expresses the highest worth of 
the principle of toleration. It is not merely that 
the practice of toleration removes from society 
its most appalling evils, such as religious perse- 
cution and the wars of religion, but it makes, 
as no other condition can make, for our ad- 
vancement towards the goal of truth. There is 
scarcely a more terrible revelation than that which 
the mind attains when it asks what point humanity 
would now have reached if throughout merely 
the brief period of recorded history the charac- 
teristic conservatism of savagery lmd been 
completely complemented by the practice of 
toleration. What is it that lias conditioned tin* 
progress which even recorded history demon- 
strates ? 

Certain tilings may be excluded. There 
lias been no advance of the slightest moment in 
the physique or the bodily characters of man. 
Secondly, there has been no advance, or no 
demonstrable advance, in the inherent psychical 
qualities of man. The baby born in the twentieth 
century after Christ would, on the average, be 
neither above nor below the average if it could 
be transferred to a nursery of three thousand 
years ago. The achievements of the Creek mind 
have yet to be surpassed ; the present age, 
with its manifold advantages, has not yet beaten 
the Greek record. Indeed, it is beyond dispute 
that all mere biological or physiological reasons 
to explain the recorded progress of the historic 
epoch are lacking. 

Man and His Social Conditions. 

There remains only the supreme fact that 
in each generation some psychical conquest 
is recorded — not merely some intellectual con- 
quest but some psychical conquest, whether 
Newton’s “ Principia ’* or “Hamlet 0 or the record 
of a noble life — which becomes a permanent 
possession of the human mind and the human 
race. For thousands of past years the inherent 
characters of man. necessary for the winring of 
such victories, have been present. It is to the 
social conditions which have surrounded him that 
we must turn for an explanation of the fact that 
we, in this age, have not already reached such 
psychical heights as we may hope for our descend- 
ants of the year 5.000. Organic or physical 
evolution is an exceedingly slow affair. Hun- 
dreds of thousands of years are necessary for 
the contemplation of the history of definitely 
recognisable man. The period in which progress 
has been made from barbarism to civilisation is 
a mere nothing in the whole history of man, 
and the only explanation of its brevity and the 
magnitude of its achievements therein is to be 
found in the development of those conditions 
which have enabled individuals to make psychical 
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conquests and to endow with them not their own 
time alone, but all future generations. 

The New Must Get a Full Hearing. 

For the most rapid advance of man, then, we 
need, primal ily and essentially, the perfect 
realisation of those conditions, of which the 
imperfect realisation in the past has already 
sufficed for so much, though not for a tithe of 
what might have been. This is to say that, at all 
costs and under whatever external form of 
government, wo must have a society in which the 
new gets a full hearing, and in which the con- 
ditions for the production of the new are as 
favourable as possible. The new is not good 
because it is new, nor yet is it therefore bad ; 
neither is the old good because it is old, nor 
therefore bad. We must prove all things, new or 
old. In a savage society there may conceivably 
arise an observer of nature who would endow 
his tribe with new powers, hut such a society 
is not conditioned for the production of the new . 
It promptly kills the inventor as a sorcerer or 
servant of the devil. Again, in such a society 
as that which France witnessed scarcely more 
than a century ago the old, however good and 
true* and tried, was condemned simply because 
it was old. Either state of alTairs is as fatal as 
the other. 

We are attempting, as the reader observes, to 
encompass an infinite subject in the briefest of 
spaces. Our business, therefore, has been, as far 
as possible, to deal with principles, though we pro- 
pose, before closing, to show' how sociology must 
attack a definite concrete problem. When the 
choice lay between attempting to expound the 
principled which we have just discussed and, on 
the other hand, attempting a serial study of 
various well-marked forms of government, we 
could not doubt which to choose. 

We Must Know What We Aim At. 
If wo arc to believe in science at all we must believe 
in the existence ot' k principles, and if we do so we 
cannot be excused for ignoring them. We may 
leave to untrained minds the common forum of 
the controversies as to monarchy or oligarchy, 
democracy, the hereditary principle, and so forth. 
This is not that w’e are so foolish as to deny the 
immense practical importance and interest of 
these subjects, but it is that, as students of 
science, we entirely repudiate the common 
methods of approaching these problems. It 
must never be forgotten that, as we have pointed 
out, the sociologist has a purpose; he desires 
not only to discover what is, but, with the 
moralist, to discover what ought to be ; and, 
lastly, to discover how what is may be trans- 
formed into what ought to bo. Until you know 
what you are aiming at what is the use of argu- 
ments about democracy and monarchy ? 

The truth is that only among the very few 
has the evolutionary idea yet established itself. 
The majority still think of society statically, 
whereas the evolutionist must think of it dyna- 
mically, as he does of every other fact in the 
universe. Society for him is a something which 
moves, which has come from somewhere and is 
going somewhere. The pie-evolutionary thinker 
will take a given nation — a monarchy, perhaps — 


and will inquire whether monarchy “ works” 
there. To his eye the people seem prosperous 
and contented. Very well, then, he will answer, 
monarchy suits them and is the best form of 
government for them. To the evolutionist such 
talk is the prattle of a blind baby. He knows 
that the static stationary society, though 
it may seem stable, is, relatively to the motion 
of all things, a decadent society. It, too, is 
moving, and moving downwards. The evolu- 
tionist cannot content himself with twu\ 

Man Has Forever. The true answer of 
the evolutionist, w r e think, to those who study 
society merely for the present, who do not ask 
where we are going, and who do not realise 
how awful is the difference between what is 
and what might be — even amongst “ a happy 
and prosperous people ” — is to be found in a 
phrase from Browning’s great poem, “ A 
Grammarian's Funeral ” : 

“ Leave. Now for dogs and apes ! 

Alan has Forever.” 

Alan has a future, compared with which his 
now’ is verily a now of dogs and apes. If then' 
be those who find it in them to be contented 
with any society now extant or already extinct, 
tcc are not of their number. We have ideals ; 
we have studied the past, not as men read gossip 
nor as they read a new novel, for its “strong 
human interest,” but because we believe that 
in studying it we may discover principles which 
are no less than the principles of progress, and 
having learnt certain of these principles we 
propose to keep them steadfastly before us in 
studying all contemporary social problems ~ 
including, for instance, forms of government. 
Furthermore, those principles must be our 
criteria or means of judgment, and we shall 
ask of any form of government, not “ Do the 
people like it ? ” not “ Does it please the Chancellor 
of the Exchequer ? ” hut 44 Does it open or clow — 
does it make brood or narrow — the onward way?” 

The Great Controversy of To-day. 
In the light of these principles, let us attempt 
briefly to discuss the present great controversy, 
practical and theoretic, between individualism 
and collect ivism. Each of these words is capable 
of a good and had interpretation. They mean 
different things in different months. But we 
shall endeavour here to make reasonable inter- 
pretations of both, and to see whether these 
ideas cannot he judged in accordance with our 
principles and whether, also, they do not each 
of them contain a truth, or half-truth, the union 
of which w ith the other would be fruitful of good. 

It is this controversy, and not the controversy 
between the principles of monarchy and demo- 
cracy, that really concerns society to-day. 
There may have been a time and a place for 
monarchy, but neither is afforded by the pro- 
gressive peoples of to-day. It need hardly be 
pointed out that our ow n country is a monarchy 
only in name. We shall ignore Russia, therefore ; 
and we shall also ignore Germany, which will 
become a progressive people in any real and 
great sense only when she has done with her 
abominable burden of militarism. We may 
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confine ourselves to England, France, and 
America— peoples on the whole, despite terrible 
lapses, pacific and progressive, all alike essentially 
democratic. The common argument in discussing 
these large matters is an argument for and 
against democracy ; but that is really out of 
dato. More especially is it out of date, because 
it concerns itself with the form and not with 
the substance. The more democratic form is 
not the vital thing. In our study of human 
nature and society have we not seen that even a 
military autocracy depends upon the will of the 
people who provide their autocrat with his army, 
thus almost warranting the idea that such a form 
of government is, in a sense, democratic ? The 
really vital question is not the external form of 
government at all, but the mutual relations of 
the individual society. 

The Two Kind9 of Democracy. Thus 
it is possible to have two mutually opposed 
forms of democracy which, though under the 
same name, yet offer the most fundamental 
opposition that society can conceivably show. 
When we realise this we shall realise how absurd 
is the current argument for and against demo- 
cracy, as if democracy were always one and the 
same thing. On t lie one hand, we may have 
an ultra-individualistic democracy, and on the 
other an ultra-eollectivist democracy. Now, 
these are the two ultimately opposed forms of 
society. The supposed difference between auto- 
cracy and democracy is nothing compared with 
this vital and fundamental difference between 
democracies themsel ves. 

We may take the United States of America as a 
fairly typical example of the one ext reme. There, 
we find a society which regards individualism, 
utterly disqualified, as the only true social 
principle. There liberty becomes licence. The 
new certainly gets a hearing : personal energy 
and initiative are rewarded ; but there is no 
qualification of this principle by its correlative 
half-tmth. The individual is allowed, in the 
exercise of his liberty, to destroy not only the 
liberty but also the lives of his less able or 
energetic or fortunate fellows. And the social 
state approaches to anarchy. This is not the 
ideal anarchy of the future, when, human nature 
at large having reached the heights which now 
only the few attain, each man will live by an 
inner law that impels him to sorve all others. 


but it is the anarchy of human nature in its 
present state, which is indeed lower than the 
angels. 

The End of the State is Justice. 

On the other hand, certain parts of America, 
and certain aspects of life in England and France, 
afford us hints of the other social extreme. The 
nominal label, in the case of France, at any rate, 
is still democracy. But we here have forsworn 
labels and label-makers, and may get on to facts. 
In the ultra-eollectivist state, which is repre- 
sented now only by a very few barbaric tribes, 
but which played a great part in the early history 
of society, we find the chief character to be the 
absolute rule of all over each. The individual 
is the slave of the society ; he must do as he is 
told for the good of the whole — this involving 
the amazing assumption that majorities are 
always right. The slave, of course, is a slave, 
whether his master be an individual, a bureau, 
or a mob. And the slavery of the individual to 
the tribe in primitive societies is, we may venture 
to say, not merely a noteworthy fact of such 
societies, but the explanation of the fact that 
they are primitive. 

TIow, then, are we to frame the ideals of 
liberty and justice which combine the half-truths 
seen by these two extreme forms of society - 
flic half-truth that the individual must be 
allowed to express himself and the half-truth 
that the individual, as we now know him, 
cannot be a law unto himself? We shall find 
what we desire in the great formula of justice 
laid down and magnificently elaborated by 
Herbert Spencer. The end of the State, ho said, 
is justice, meaning thereby exactly what Lord 
Acton meant when he said that the end of the 
State is liberty; and justice is constituted when 
“ Rvenj man is free to do what he wills , pnmded he 
infringes not the equal freedom of any other man." 

The Music-hall Type of Mind. 
The primitive idea of justice is that of aggres- 
sion and counter-aggression ; if you have your 
fists free. 1 may hit you, for cannot you hit mo 
back. That primitive notion, which is still 
found in the music-hall and in the music-hall type 
of mind, has nearly vanished, and there remains 
the great idea expressed above, which constitutes 
the ideal that selects, recognises, and mutually 
complements the partial truths expressed by 
absolute individualism and absolute collectivism. 


Continued, 
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ftepeaters. A* the length of a telegraph 
line increases it is found that the speed at which 
signals can he transmitted through it rapidly 
deereases. It is, in fact, inversely proportional 
to the capacity per mile, and also inversely pro- 
portional to the resistance per mile, and as a 
consequence the signalling speed varies inversely 
as the square of the length of the circuit. When, 
therefore, the length of a circuit is so great as 
to reduce the speed below the maximum rate for 
the instruments, recourse is had to the use of 
repeaters — that is to say, the circuit is divided 
into two, and an intermediate instrument intro- 
duced which, on being affected by the signals 
from one section repeats them to the other, and vice 
wrath In signalling from London to Edin- 
burgh a repeater is introduced at Ia'ciIs, 
and in signalling from London to Dublin 
a repeater is introduced at Ncvin, on the 
Welsh coast. The repeater is introduced 
at a point so that the products of the 
capacity and resistance of the sections 
on each side of it are as nearly as possible 
equal. In principle, it is merely an exten- 
sion of the relay fsee page 5067]. 

Figure 76 illustrates one of the most 
complicated forms. It is a forked 
repeater such as is used at Edinburgh 
on tlie news circuits already described ; 
the wires from Glasgow on the west, and 
Dundee and Aberdeen on the north, 
meet at Edinburgh at the forked re- 
peater, which is also connected to London. 

Another repeater is introduced on the same 
circuit at Leeds. As an interesting instance of 
the extent- to which repeater working is possible, 
it may be stated that the Indo-European Telegraph 
Company maintain direct Wheatstone working 
between Manchester and Teheran, in Persia, by 

means of 11 intermediate repeaters. 


Batteries. Until quite recently all telegraph 
circuits were worked by means of primary batteries, 
and at small offices this is still the case. Three main 
forms have been used — the Daniell, the Leclanchc, 
and the Bichromate. These have already been 
described on page 465. The Daniell cells were used 
for local circuits — that is, between the sounder and 
the relay, and for such eases as duplex, where a 
constant current is required ; Leclanchc cells for 
needle circuits : and for long circuits, where the cur- 
rent consumption was considerable, the Bichromate 
was utilised. In determining the number of cells 
required for a given circuit, allowance has to be 
made for the resistance of the battery, as w r ell as 
for Hint of the line and instruments, and a formula 
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developed from Ohm's law [see page til J is usually 
employed for this purpose. It is as follows : 

N ,-l^ 

lOOOK - Cr 

where N is the number of cells required, C tho 
given current in milliamperes, K the total resist- 
ance* of line and instrument in ohms, E =- the 
electromotive force; per cell 
in volts, r - the resistance 
per cell in ohms. 

Accumulators. In 

all large telegraph offices 
primary cells have been dis- 
placed by accumulators, the 
change effecting a great 
economy in space and in 
cost of energy. Figure 77 is 
a very interesting view of 
tbe accumulator-room at the 
Central Telegraph Office, St. 
Martin’s-le-Grand. It con- 
tains altogether 800 cells, 
and when these were intro- 
duced in 1890,no fewer than 
29,000 primary cells were 
displaced. Accumulators 
have already been dealt with 
on page 3086. It- will bo of 
interest to refer to some 
UMCLATOR ROOM other features of the Central 
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78. 1»\RT t)F EASEMENT TEST FRAME AT CENTRAL 
T EL K< JKA L'l f OFFICE, 1,0 N DON 


fclegraph Office, and it may he sliitcd that 
tho Secretary of tlio Post Office kindly allowed a 
special series of photographs to bo taken for 
this publication. When t ho 1’ost Olliee took 

over the telegraphs in 1870, 2110 wires were led 
into the Central Telegraph Office ; this 
numbo” has now increased to 4,1100, and 
special means hu\o to be adopted for 
(heir proper handling. In 78 is shown 
;i section of tho basement test frame. 

Tho wires are first brought, to tho further 
side of it, which is no* visible in tho 
illustration, and arranged on horizontal 
bearers. They pass through this frame 
to tho front side, v. here, they are 
soldered to vertical strips of combined 
test springs, lightning protectors, and 
heat coils. These are all numbered so 
that ready access can bo had to any 
wire for testing at this point. The 
wires aro then distributed to tho various 
galleries, and 81 shows the provincial 
test box on tho third floor. Tho reel - 
apgular tablets arc of ebonite pierced 
by small brass cylinders, t ho incoming 
wires are soldered to the rear of alternate 
horizontal lines on these cylinders. The 
cylinder above each lino is connected to 
the instrument set, and on tho front of 
tho test-board two cylinders are con- 
nected together by the insertion of a 
small aluminium IT ” link, from which 
this type of test box takes its names. A 
•rill later term of test box is shown in 

r>.m 


80. This is in one of the divisions, 
and it is made up of switch springs of 
the telephone form to be described in 
a later section. These take up less 
space than the “ U ” link form, and 
permit of greater flexibility. 

Correct Time. 1 n 79 is shown 
one of t lie most interesting features in 
tho Central Telegraph Office. It is 
called the chronopher. One line to each 
of sixty of the principal towns in the 
United Kingdom is carried through the 
set of switches which ran be seen 
extending across the. front of the board. 
Normally, these are connected through 
to the working sets. At two minutes to 
ten each morning the clock mechanism 
visible above the switches comes into 
action and slowly presses forward the 
long, horizontal busbar until these (>0 
lines are disconnected from Hie work- 
ing sets and connected up to the, special 
relay visible, on the extreme left, which 
is in communication with (heenwich 
Observatory. Precisely at the hour of 
ten a, current is received from (.Ireen- 
wieli, which affects tin* time relay and 
sends out currents to master clocks, town 
clocks, and time guns situated at the 
towns aforesaid -as far north as Aber- 
deen, flout li-we-4 to Penzance, and west 
to Waterford. Evict (Jreenwich time is 
in this way disseminated throughout 
tho kingdom. The same current, which 
actuates the chronopher relay passes on 
to Westminster and controls Pig P»en. 
For towns other than those mentioned 
a less precise system sufliees. Six re- 
peat ing sounders are fixed on the front of 
the chronopher, and they are connected 
with various hells in the divisions which strike at 
the hour, so that the telegraphists, who aro on the 
alert, ran transmit the word “ten” to all the 
smaller towns. This same human relay system is 
in operation at all the provincial offices, so that the 
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chronopher instrument may be regarded as the centre 
of an immense spider’s web, along every fibre of 
which at ten o'clock every morning a thrill passes. 
London Intercommunication Switch. 

Until 1002, the system 
of centralisation and re- 
transmission which has 
been described in connec- 
tion with provincial cir- 
cuits also prevailed in 
connection with London’s 
own intercommunirat ions. 

A telegram handed in at 
any suburban office was 
transmitted to the Chief 
Telegraph Office, and, 
after traversing its mazes 
by tube or by hand, 
reached another suburban 
circuit and was retrans- 
mitted. The competition 
of the telephone, with its 
prompt switching and in- 
stantaneous communica- 
tion, made itself severely 
felt, and it became ob- 
vious that means must, be 
found to shorten the time 
necessary for inter-city 
telegraphic communica- 
tions. In accordance with 
modern methods, the tele- 
graph took a leaf out of* 
the book of its adversary, 
and 'nn intercommunica- 
tion switch on telephone 
lines, equipped with lamp 
signals and arranged for 
central energy working, 
was introduced. More than 300 London telegraph 
offices have been connected to it, and others are 
being rapidly added, and as it permits of direct 
communication between any two connected stations 
i! is obvious that a great saving of time and also of 
staff has resulted from its adoption. 


The Old Metropolitan Division. Under 
the old arrangements, the London suburban 
and branch offices, numbering nearly 500. wetv 
connected to instrument sets forming the Metro- 
politan Division. At four 
“ check " tables, one at 
each corner of the build- 
ing, the messages were 
sorted and marked tor 
distribution by a staff of 
clerks whose knowledge 
of London’s geography 
and tin* corresponding 
telegraphic avenues was 
simply stupendous. 

In the year preceding 
the introduction of the 
switch the Metropolitan 
Division had a daily 
average of 102,000 trans- 
act ions. of which number 
54,000 were due to the 
reception of 27,000 mes- 
sages frow, and their 
subsequent transmission 
to, Loudon offices. The 
new switch aims at 
eliminating the whole of 
these 54,000 transactions 
and at the same time 
effecting economies ot 
time and space and 
plant. 

Provision will ulti- 
mately be made for 300 
switch wires to offices 
which collect only, 050 
switch wires to offices 
which collect and de- 
liver, and 200 circuits for receiving messages will 
he provided, making a total for the switch of 
1,150. 

The Morse sounder system is employed through- 
out, and this has necessitated changes at iiimiiv 
offices and the training of the staff. 



80 TEST BOX (SWITCH SPRING TYPE) AT 
CENTRAL TELEGRAPH OFFICE, LONDON 



81 . TEST BOX (IT- LINK TYPE) AT THE CENTRAL TELEGRAPH OFFICE, LONDON 


97 





821 SECTION OF LONDON INTERCOMMUNICATION SWITCH FOR SUBURBAN AND CITY OFFICES 


by glow lamps having switch springs above 
t hem to which circuits arc connected. 

Switch Offices. At each of the out 
stations there are a sounder and key and also 
a s|>eeial key used only for calling the switch 
operator or for effecting a “clear” signal, 
when finishing. It has a side plunger which 
actuates a star indicator when a call is made 
by its momentary depression. The star indi 
cation remains visible until the switch operator 
connects her sounder to the wire, when it dis- 
appears. 

In concluding this Telegraph section, it will 
be of interest to give United Kingdom static 
tics for Post Office telegraphs and telephone* 
for the years I IK) l and 1906. They show at 
once the extent of and the trend of develop 
ment. Telephones are included, and the 
great increase in the figures in these ease* 
and also in those under the head of Undef- 

Circulation Lists. 

It hj£8 also l>cen neces- 
sary to supply to each of 
the offices two circulation 
lists. one containing 
names of streets, etc., 
land the other registered 
telegraphic addresses. 

The first of these con- 
tains no leys than 30,000 
entries, and the second 
23,000. Figure 82 shows 

one section for three operators, and there are ten ground is, of course, due to the development of 

such sections. The bottom panels arc occupied the Ivondon telephone system. 


MILEAGE OF PUBLIC AND PRIVATE WIRES, SUBMARINE CABLES, AND 
PNEUMATIC TUBES, AND THE NUMBER OF INSTRUMENTS IN THE 
UNITED KINGDOM ON THE 31ST MARCH, 1901, AND 1900. 

Yt\u. 

Milfjurf nf Lino. 

Milonrc of Win*. j 

Ovrjlir/iil. 

I'ihIit- 

v'rwiinil. 

KtiL- 

IlllUlIH* 

" ■ 

1 

0\«*rlir/ul. 

I'whT- 

Rruuml. 

Snli- 
m urine. 

Total. 

1901 

1900 

42,08*1 

47,802} 

1,219} 

3,102} 

3,133 1 
3,615} 

40.441} ; 
r»4;580| ; 

285,790} 

355,482 

51,361} 

318,700} 

11,267} 

13,269} 

348,418} 

687,4511 


Pnki matu: Tiuhs.— J 901 : 62} Miles. 1906: 74} Miles. 


POST OFFICE TELEGRAPHS AND TELEPHONES IN THE 
UNITED KINGDOM. 

A.B.C 

1901 . 

5,817 

1906 . 

4,929’ 

Needles, Single and Double . . 

4.837 

2.103 

Bright’s Bells and Double Plate Sounders .. 

1,100 

402 

Printers, Simplex 

597 

303 

Sounders, Simplex 

3,099 

7.408 

Duplex (ox<\ of Wheatstone) 

1,074 

1.552 

Quadruplex 

350 

537 

Multiplex (Delaney) 

22 

1 

Wheatstone (including Duplex) 

509 

585 

Other Kinds 

4,003 

8.095 

Hughes 

Telephones 

1 12 

104 

12,068 

58.472 

Telephone Switch Sections, Test Board, etc. 

704t 

5.772 

Signalling Bells 

1,643 

3,110 

Repeaters 

151 

163 

Total 

37,952 

93,596 


Includes 83 Steljcs’ Recorders f Switch sections only. 


Telegraphs concluded ; followed by Telephones 
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Ill-Health and its Symptoms. 

Nature’s Efforts to Keep Us Well. Symptoms 


and Treatment of Disease. 

False Systems 

of Treatment. Remedies 

Continual from 
i »h ire fi-ll'I 


By Dr. A. T. SCHOFIELD 


\Y7E shall, in due course, speak of the general 

** 0 features of disease, and go at some length 
into the various causes that produce it. \Ve 
shall hero consider the symptoms , the dioynosis , 
the prognosis, and the treatment of disease from 
a general standpoint. 

The Symptoms of Disease. In the 

first place, there is no means of telling that 
a person is in ill-health at all but from 
symptoms. This is of great importance. These 
symptoms, or signs, are evidence that the man 
is ill. But this is only half the truth con- 
cerning them — the half with which we are most 
familiar. The other half, of which most of us 
have never heard before, is that symptoms 
also tell us if the patient is already being treated 
scientifically, and that these symptoms are the 
very remedies that are being used for his cure. 

Symptoms arise from two causes. One set is 
the result of the illness itself, such as weakness, 
collapse, delirium, pain ; another is the result of 
the actual methods of cure adopted by tbr 
ris medical ri.v natnnv — the unconscious mind — 
for the relief of the sufferer. Such are temperature, 
cough, sweat, nausea, loss of appetite. There is 
a sense, indeed, in which all the symptoms, 
including even the weakness, pain, and delirium, 
may be regarded as protective and beneficial, 
even if not actually curative. 

Symptoms, therefore, may be regarded, as a 
whole, as produced by the central governing 
force, partly for the protection and partly 
for the cure of the patient, and are, with few 
exceptions, beneficial and remedial. This is 
possibly now to a great many people, whose 
first idea in connection w ith a high temperature, 
for instance, is to lower it, or with a cough to 
stop it. 

Nature's Treatment of Ill-health. Li t 

us take two cases as illustration. A lady is sit ting 
at dinner, when she is suddenly invaded by the 
germs of pneumonia. Symptoms at once set in. 
She shivers, her temperature begins to rise, and 
she gets into a fever. This tends to kill the germs 
and destroy their poison. She feels ill, and must 
leave the table ; this is to make her acquainted 
with her state. She must undress and lie down; 
this leaves her lungs free and puts her at rest. 
Me cannot do with light and noise ; this en- 
sures rest. *Shc refuses all solid food ; this is 
because she can no longer digest it. She hursts 
out into profuse perspiration ; this is to prevent 
the fever from rising too high. She begins to 
»-*ough ; this is to keep her lungs free. Her breath- 
ing becomes more frequent ; because it is shallow. 

Here, then, are a number of symptoms, none 
of which a wise physician will interfere with, 
for ho knows very well they are all beneficial. 


He may have been taught to “ treat them, 
hut if he be wise the only way he will treat them 
is with respect. 

The other ease was gi /on by Sir. F. Treves 
at Liverpool, and is of appendicitis. Here, 
indeed, every attack must prove fatal but for the 
rapid curative symptoms that supervene. The 
temperature again rises to kill the germs; the 
bowels cease to move to give rest ; the abdomen 
becomes rigid to protect the tender area ; an 
abscess forms to prevent the poison spreading ; 
pain is felt at the spot to indicate the locality, and 
so on. All symptoms are beneficial, and repre- 
sent Nature’s efforts to cure the disease. 

We will now briefly review the various classes 
of symptoms, which form two great divisions — 
the subjective, or those observed by the patient; 
and the objective, or those noticed by the doctors 
and others. We may divide the subjective 
symptoms into live classes — sensory, motor , 
junctional , mental, or phenomenal. 

The Great Value of Pain. The first 
of these symptoms is pain. Consider for a 
moment the value of pain. It is as useful 
as the red light on a railway. Where it is 
absent we are in imminent danger. A man 
who lias lost feeling in his legs may burn them 
severely when asleep before a fire. The heart 
having no sensation, severe disease can develop 
unknown to the patient. Pain at once says 
something is wrong, and indicates the locality; 
without it we should not be safe fora moment. 

It is of the greatest importance to have the 
scat, character, duration, and intensity of the pain 
accurately described. It may he boring, darting, 
cutting, dull, throbbing, or aching. It may be 
general or local. It may he lixecl or shooting, 
constant or intermittent, severe or slight, 
superficial or deep. There may be tenderness 
in the part, or pressure may relieve it. As a rule, 
we say that sharp pains which art? relieved by 
pressure are less serious than dull pains made 
worse hv pressure. The sensations may not be 
those' of pain, but of uneasiness, nausea, cold, 
with shivering (this is important), or of heat — 
general or local. Or there may he other sensations 
—a 4 ’ ball ” in the throat or stomach, irritation, 
aching, fulness, malaise, weakness, giddiness, or 
loss of sensation, partial or complete. 

Amongst the motor symptoms are paralysis, 
partial or complete, generally described as 
local, stiffness, weakness, lassitude, involuntary, 
spasmodic, or painful movements, etc. 

Functional symptoms include every irregular 
or imperfect action of any organ or special sense. 
The ears or eyes may be deaf or blind. There 
may be loss of smell or taste ; the breathing 
may be laboured, short, hurried; the heart may 
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palpitate or , beat irregularly, and so on with 
every organ. 

Among mental symptoms there may he delirium, 
mania, monomania, confusion, loss of memory, 
unconsciousness, excitability, apathy, despon- 
dency, and so on. 

Under the head of phenomenal symptoms may 
be grouped definite states or acts that cannot 
otherwise be classed, such as cough, sickness, 
blood-spitting, running from the ears, formation 
of boils, tumour, or states such as bilious. 

The greater part of these subjective symptoms 
arc of a curative nature, as we have til ready 
seen. The remainder are the direct result of tin* 
disease. All seem to indicate the special illness 
the patient suffers from. 

How Disease is Detected. We now 
turn to objective symptoms of disease — those ob- 
served by others. Our means of observation are 
sight, hearing, touch, smell, and experiment. 

We notice first the general aspect and expres- 
sion of the patient, the colour of the skin, the 
presence and character of any eruptions, the 
expression of the face, denoting ease or suffering, 
depression or excitement, the condition of 
stoutness or leanness, or wasting or bloodless- 
ness, and many other matters. It is. indeed, 
here that the habit, of rapid and accurate obser- 
vation is so invaluable. 

Wo must also notice the position of the patient 
•—how he lies, sits, or stands, and how he breathes ; 
the appearance of the eyes, of the tongue, 
aifd so on. The pulse, however, has now by no 
means the importance that it had before tjie 
days of exact observation. 

Hearing tells us the character of the breath- 
ing, the voice and speech of the patient, in- 
cluding cough and its character, hoarseness, etc. 
But the ear is of special value when aided by the 
stethoscope, to hear and understand the sounds 
in the lungs, heart, stomach, etc. We notice 
also resonance or dulness by percussion. 

Touch is an important means of objective 
diagnosis, and reveals many symptoms. We get 
a knowledge of t ho temperature, of moisture, 
of dryness, of size, shape, elevation, or depres- 
sion of any part. We notice smoothness or rough- 
ness, pulsation, vibration, extent of movement, 
resistance, softness and hardness, and fluctua- 
tions, by which the presence of fluid is detected. 

Smell and taste may reveal symptoms in certain 
cases. The general odour is often significant, and 
the special odour from any diseased part reveals 
decayed lung, cancer, etc. 

Experiment includes weighing the patient., 
examining him with instruments, such as mea- 
sures, thermometer, ophthalmoscope, laryn- 
goscope, auroscope, specula, sounds, etc. ; also 
by chemical tests of all sorts, and by electrical 
tests. 

Nature's Unceasing Effort. Before 
leaving symptoms, the writer would repeat that 
Nature (the unconscious mind) is ever in disease 
seeking to adapt the disturbed balance of life 
to the environment, and causes the symptoms. 
Take the ease of rheumatic fever, which is 
Nature’s effort to get rid of a powerful blood 
poison, brought on by indigestion, bad air, cold, 
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and damp. In doing so, one of the valyes oi 
the heart may get thickened, and cease to act 
perfectly. Nature therefore gradually enlarge 
the heart to meet the extra strain upon it, and 
the man suffers from an hyportropnied heart 
a symptom which, so far from being hurtful, 
actually keeps him alive. If he be wise, h< 
helps Nature by giving her less work to d<. 
by henceforth only “ eating to live,” instead 
of “ living to eat,” and all goes well. In fact, 
if the heart is overloaded. Nature makes 
another effort, and produces dropsy as a safety 
valve to relieve the heart from too much weight 
of blood. This is another symptom beneficial 
in itself, but pointing, of course, to a grave 
danger. If the man still persists in his folly. 
Nature, having failed to adapt the life to its 
environment, has nothing left but to cease its 
efforts in the silence and stable equilibrum of 
death. 

Danger of Interfering with Nature. 

While, therefore, we cannot observe too keenly 
and accurately the subjective symptoms in our- 
selves, or the objective symptoms in others, w <* 
cannot- be trained to interfere too little; and this 
review of symptoms will be of great value if all 
who read it learn one lesson. The extent to 
which any interference is wise in domestic life 
will be considered in connection with the various 
diseases. These symptoms, ascertained by what 
the patient reveals, and what we are able to 
observe by physical examinat ion, form the basis 
of our diagnosis. 

The art of recognising the presence of disease, 
and of ascertaining from what form of disease a 
patient is suffering is known as Diagnosis. It is 
a matter of great interest and importance, for as 
it is founded on the symptoms and history oi 
the disease, so it forms the foundation for 
prognosis and treatment ; and the correctness 
and success of these entirely depend upon tin* 
accuracy of the diagnosis. 

Only the simplest forms of disease can b* 
recognised by the laity, and these not with 
certainty, so often is the meaning of symptom^ 
misunderstood. A high temperature in a little 
child may not mean fever, but only a gastric 
disturbance ; a pain in the heart in the same 
way may arise from flatulence, and so on. To 
form a correct diagnosis, therefore, is almost 
impossible, save to a medical man, and even he 
is often mistaken. 

The Treatment of Disease. Tie 

foretelling of the course of disease is called 
Prognosis. Though a matter of the greatest 
importance to the sufferer, it can seldom be 
given exactly. One can often tell if a diseas** 
is curable or not ; but the length of time it ma} 
take and the means that may have to be used 
depend on so many factors that great accuracy 
is impossible. 

We will now consider the nature of tb» 
various remedies and systems of treatment. 
The old-fashioned way of classifying remedies 
and treatments was according to the effects the} 
were supposed to produce. First of all, however, 
they were divided into two great divisions 
rational , or those which produced effects by 
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means we could understand and trace in tiic 
system ; and empirical , or those which produced 
undoubted effect®, but how we know not. 
livery physician employed both these classes of 
remedies ; but, of course, the more he employed 
of the first division, and the less of the second, 
the greater the credit. 

False Ideas of Treatment. Further, 
remedies and treatments were classed accord in g 
to their supposed effects. We thus had 
expectant treatment, which really was most en- 
lightened, and under other names is widely used 
to-day. It is founded on the principle that the 
ns medicatrix natures is often the only physician 
needed, the doctor neither assisting nor in- 
terfering with its operations, but only taking tin? 
fees. This system, good and enlightened in 
principle, becomes dangerous, and even fatal, in 
those cases which require immediate and prompt- 
action. It has been the writer’s lot to stand by 
a man’s bedside and tell him he must inevitably 
die within a fortnight from complete blocking of 
the large bowel, due to his constipation having 
been treated on the expectant system. 

The next form was palliation, which consisted 
in using means calculated to soot lie and lessen 
suffering in those cases where a cure was not 
possible, but whore life might be prolonged. 

The stimulant treatment was founded on a 
(loot rine that regarded most diseases as associated 
with, or dependent upon, a lowered state of the 
vital powers, and which required, amongst 
other things, a free and constant use of alcohol. 
One hospital physician, whose practice was 
founded on this treatment, often gave a bottle 
<>f spirits a day to eases similar to others that 
wore more successfully treated in other wards 
u ithout stimulants at all. 

Obsolete Systems and Modern Views. 
The lowering (antiphlogistic) treatment is the 
opposite of the foregoing. It considered that 
very many diseases were due to over excitement 
and fulness of blood, and treated these by 
Needing, blisters, purging, and the like. 'This 
"as the most fashionable treatment in flu? 
seventeenth and eighteenth centuries, and it 
would be hard to say how many died from it. 

The elimination system has more to recommend 
it* regarding disease ns some poison introduced 
into the body, to be got rid of through the skin, 
kidneys, or bowels. The hydropathic system is 
largely founded on this. 

The alterative system looks on diseases as 
vicious habits, which must be broken by 
v iolently “ altering ” the “ course of Nature ” 
‘"t the “habit of the body.” This system 
always employed very powerful drugs, often in 
dangerous quantities, such as mercury, arsenic, 
iodide of potassium, and the like. There wore 
other systems, but these were the best known. 
In these days, such a classification is practically 
obsolete, and even the words empirical and 
rational are archaic. We are no longer sure 
that wo can trace the real course of the action of 
.drugs ; we find the processes more complicated 
than we thought ; and, besides all this, we are 
beginning to see that the action of no drug is 
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purely physical, dependent solely on its chemical 
composition, but that \vc have to take into 
account constantly the personality and state of 
the individual at the time, the amount of his 
vital power, and his nervous system, on which 
the efficacy of the drug partly depends. 

Three Classes of Remedies. The 
simplest practical classification of remedies 
is according to their nature rather than their 
supposed art ion. 

The division on this principle would he into 
three classes : pharmaceutical remedies, or drugs ; 
natural remedies, w hich would include all mineral 
waters and spas, travel, climates, use of water, 
air, light, heat, electricity, etc., in every form, 
all sorts of physical exercises, including massage, 
riding, cycling, motoring, etc. : and, lastly, 
psychic remedies, which include every curative 
form of mind action. Let us take a brief but 
comprehensive survey of these three classes of 
remedies. 

Hero, we must distinguish again between the 
rational use of drugs, which constitutes a 
science, and their empirical use, which is an 
art. Of course, the success of the treatment, 
must depend, as we have said, on tin.* accuracy 
of the diagnosis. 

Until the last, fifty years the most fanciful 
ideas prevailed both with regard to disease 
and drugs. The former were attributed to all 
sorts of processes and change's, wholly imaginary, 
that were supposed to take place in the body. 
The latter were credited with all sorts of fanciful 
properties, some being called hot, some cold, 
some contractile, some relaxing, some altera- 
tive ; while some were considered of value? 
owing to their noxious composition or taste, or 
their fanciful resemblance to tho part affected. 
All this has long since given place to tho 
experimental use of drugs, by which their exact 
effect was proved by experiments on animals, etc.; 
but the problem of the real action of drugs is so 
complex that pharmaceutical therapeutics will 
probably never become an exact science. 

The Best Physician. In spite of tho 
multitude of synthetic compounds made iti 
America and (Jermany, laboratories for special 
diseases, by which our ordinary plnirmaeoprciu- 
is supplemented, the gcncial use of drugs is 
loss, and dependence on their effects not so 
great. The greatest physician in these days is 
the one who closely observes the action of the 
unconscious mind and copies most nearly tin* 
curative processes of Nature, using drugs 
sparingly, and never without a definite, reason. 

Amongst drugs which still hold their own 
as having a real specific value may be named 
various salts and compounds of mercury, arsenic, 
lead, sodium, potassium, iodine, chlorine, phos- 
phorus. sulphur, carbon, iron ; acids of various 
sorts ; vegetable extracts, such as quinine, 
strychnine, opium, belladonna, digitalis ; laxa- 
tives of all sorts ; eolchieiim, podophyllin, 
euonyrnin, euffein, in addition to the swarms 
f artificial compounds, such as antipyiinc, 
chloral ether, chloroform, phcnacetin, paral- 
dehyde, .sill phonal, etc. 

\nued 
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Plans. A plan is a horizontal section taken 
through the building. The plan of any given 
floor is presumed to be taken at a level between 
the floor and the ceiling ; but it is not necessary 
to assume that tho horizontal plane cuts it at one 
fixed level and that only those features are shown 
upon the drawings which are cut by such a plane. 
All important features should be shown on every 
plan, including the doors and hatches, windows, 
piers, fireplaces with their hearths, internal 
windows or borrowed lights, or recesses for any 
purpose. Also any fittings that are to be fixtures 
and to be provided by the contractor, such as cup- 
boards of various kinds, fixed tables, sinks, water- 


closets, lavatory basins, baths, urinals, copper, 
^helving, etc. In cases where it is necessary to 
show two features coming one under the other, 
as, for example, a doorway with a window at a 
higher level, the lower feature is drawn solidly 
and the upper feature may be indicated by 
(lotted lines. It is usual to mark on each plan 
the direction in which the floor joists are to run. 
(’his may be done by single or double dotted 
lines or by lines drawn in brown ink. Any 
sleeps walls carrying joists in the lowest floor 
also be shown, and girders, whether of 
wood or iron, carrying upper floor joists ; but if 
of iron they would be indicated in blue ink 
usually. When the iron work is extensive or 


complicated it is often shown on a separate set 
of drawings or tracings used for this purpose. 
In complicated buildings there are other features 
that must be shown, but to avoid compli- 
cation these arc often indicated on a separate 
set of drawings and in different colours. Such 
features are: systems of passages or trunks 
used for ventilating complicated buildings ; 
the maifi runs of pipes for heating buildings, 
including any coils or radiators : the run of 
main pipes for taking hot water to various 
fittings ; electric mains, and gas mains. 

Nomenclature of Plans. Tho plan of 
the principal floor, which is usually arranged to 


correspond in level with the general level of the 
ground, but to be somewhat above it, is termed 
the Ground -floor Plan ; if there is a floor over 
the whole or a part of the site below this level, 
the plan of it is usually termed the Basement 
Plan , but if so arranged that a great- part of it 
is above the ground level it is sometimes called 
the Lower Ground -floor Plan. If there fire 
several floors below' the ground floor level they 
may be described as the First* Second, or Third 
Basement Plan . The plan of the floor next 
above the ground floor is described as the First- 
floor Plan , and the plans of successive floors 
are termed Second -floor Plan , Third -floor 
Plan , etc., according to the number of storeys 
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above the level of the ground floor till the level 
of the eaves of the main roof js reached. The 
plan of the floor next above this level is termed 
the Attic -floor Plan , and if there is another at 
a higher level it is termed the Up per Attic-floor 
Plan ; more than two storeys in a roof arc not, 
as a rule, allowed. 

Foundation Plan. The foundation plan 
[7] is taken at a level below that of the lowest 
floor,* and if the external walls have a project- 
ing plinth this will usually be included in the 
thickness of such walls on this plan. Beyond 
the thickness of each wall are set out, on eit lieu- 
side, the proper number of courses of brickwork 
for the footings of the wall, and beyond these 
the lines of the edge of the concrete. Under all 
ordinary openings in the ground floor the walls 
are not interrupted, but carried through as 
continuous walls; the footings and concrete 
are shown carried round all projections such as 
chimney hearths, piers, etc. 

Basement Plan. Where a basement occurs 
the plan must show, in addition to the main 
building, any* areas formed outside it to afford 
light to the basement windows, and any vaults 
under public footpaths. On all plans. Avails are 
shown as having brick dimensions, no account 
being taken of the thickness of the plaster on the 
walls if there is any. The dimensions of rooms 
as figured on such plans represent the dimension 
between the unplastered w r alls, and the finished 
size of the room is a t rifle less. 

Ground-floor Plan. The walls on the 
ground-floor plan [ 6) are represented above the 
level of any plinth which may be indicated by a 
line outside the Avails. If the wall is formed of 
more than one kind of material, this must be indi- 
cated by different colours on the plan. 'Phis plan 
at least should be fully dimensioned, and care must 
be taken, where a series of dimensions are given in 
different rooms, but extending from side toside or 
from top to bottom of the plan, that they corre- 
spond when added up to the extreme dimensions 
of the plan. Great care is required in arranging the 
plans of staircases to see that at all times there is 
proper head-room— *.r., sufficient height between 
the upper surface of each step and the next flight 
or the ceiling immediately over it, to allow’ of per- 
sons passing up and down. This can only be 
secured by working out the plan and section 
conjointly. It is usual to number the steps from 
one floor to the next, and if there is a staircase 
descending to the basement as avcII as one ascend- 
ing to the first door, a portion of both flights 
is shown, and broken off by an uneven line ; 
the same thing occurs on each of the upper floors. 

The First and Subsequent Floors. 
Tflie other floors |9] Avill generally resemble the 
ground-floor plan in character, but will show 
the building at a higher stage, and if the walls are 
reduced in thickness this must appear in the 
drawings. Any portions of the building that are 
not carried up will generally have the roof plan 
shown with the plan *>f the floor at the corre- 
sponding level. In arranging the upper plans 
care must la> taken to see that the walls and 
divisions come over avails or divisions on the 


floor Ik'Iovv, or when they do not that some 
adequate means of supporting them is pro- 
vided. When the building is of a simple 
character, the attic floor may be combined 
Avith the roof plan [8], the lower parts of the 
roof and the plan of any rooms formed within 
it being indicated by full lines, while the roof 
above is indicated by dotted lines. 

Elevations. An elevation is a geometrical 
represent ation of the true form of a facade [10 and 
12). It is not necessary that every part- should lie 
in the same plane, but every part is represented 
truly to scale. The plane of the drawing is 
assumed to be parallel to the main face of the 
building represented, and any portions of which 
the plan is in a different plane are represented 
as if projected on to the picture plane. This 
may be seen in the representation of the bay 
windows on illustrations 10 and 12. 

The elevation should show' the finished level 
of the ground, all plinths, strings, and other 
external features, and the levels of all floors 
should be indicated by dotted lines. It is desir- 
able that all features that will appear when the 
building is completed, such as soil and rain- 
water pipes, should bo indicated, and the 
character of the materials to be used should be 
indicated by the method of lining the walls, 
assisted by colour. 

Sections. A section represents the cut ting of 
the building by a vertical plane (13 and 14 j ; but, 
as with a plan, it is not necessary to assume an 
absolutely rigid position for the plane, so in a 
section the position of the plane may be varied to 
some extent at will, so that it shall pass through 
special features. It must, however, be kept in 
a plane parallel to the main one, or a distorted 
section would be produced. 

In fixing the position of the line on which any 
section is to be taken, it should be arranged to 
show all tin* most intricate and difficult work, and 
in particular to indicate all changes of level in 
floors, and the method of carrying any Avails or 
partitions not resting directly on walls below. 
All parts of the building actually cut by the 
plane — the walls, floors, roofs, etc. — will bo 
actually shown in section, while between these 
will appear in elevation one side or other of 
the various rooms, corridors, staircases, etc., so 
intersected, and the line should be in such a 
position as to make the utmost possible use of 
all these portions, as well as of the actual 
sectional parts. It is desirable, for instance*, 
to show important chimney stacks, indicating by 
dotted lines the manner in which the various 
flues are gathered over and collected. In addi- 
tion to complete sections, small sections of special 
features that would not otherwise appear may 
be* often added to the sheet of sections or to a 
sheet of elevations as in 11. 

It is very necessary to pay particular attention 
to the arrangement of staircases, and, as already 
pointed out, to work these in connection with the 
plans. In indicating staircases on sections it is 
particularly desirable to show complete flights bv 
the use of dotted lines where the section would 
not otherwise enable them to be seen. 
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IF it be possible to form a just appreciation of 
• the prejudices and preconceived ideas of the 
genoral public concerning dentistry from the 
opinions of a dentist's patients, it would seem 
quite needless to point the way and offer assist- 
ance to those who may wish to practise den- 
tistry. For so great appears to lie the repug- 
nance which the career of a dentist excites in the 
lay mind, that one is tempted to believe* that 
there is no one who will care to avail himself of 
the information and advice tendered in this 
treatise. It is important, therefore, that, at the 
outset, the popular conceptions should lx* can', 
fully considered, so that, if possible, it may Ik* 
fairly decided how far they are consistent with 
facts, or to wliat extent they must lx deemed 
mere fallacies. 

The Dignity of the Profession. The 

practice of dentistry, then, is said to be tedious — 
" back-aching” is the more graphic descript ion — 
destructive to the health and eyesight, and 
disagreeable ; it is suggested that it must 
surely be dreadfully monotonous, lacking 
both interest and variety, while even the most 
polite patient occasionally makes it clear that 
in his opinion a dentist who enjoys his work 
must be callous and indifferent to die sufferings 
of his fellow-creatures. 

Now. these conceptions of the dentist's work, 
if they are considered to constitute more than a 
very partial statement, can lx shown to he alto- 
gether inadequate and unjust. In the first 
place, they do not take into account what may 
lie called the dignity of the profession, the im- 
portance of the dentist’s work to the community, 
the value of his skilful services to the state and 
to mankind. Yet this is a very serious omission. 
On the one hand, the absence of teeth, or the 
presence of stained or decayed teeth, in the front 
of the mouth constitutes a peculiarly distressing 
disfigurement ; while, on the other hand, the 
absence of efficient grinding teeth, or the pre- 
sence of diseased teeth and gums, at the back of 
the mouth, constitutes a distinct menace to 
health. Such conditions are inimical to health, 
not only because they render impossible the 
efficient mastication of food, but because they 
result in the infection or poisoning of whatever 
food is taken into the alimentary canal. 

The Teeth and General Health. In 
the normal healthy mouth, efficiently armed 
with teeth, takes place the first, and in some 
respects the most important, stage of the 
process of digestion. Here the food is broken up 
and thoroughly ground to pieces in such a way 
ihat the digestive fluids can thoroughly pene- 
trate and soak the mass. In the mouth, too, 
should take place the thorough mixing of the 
food wdth the saliva, which not only constitutes 
the first stage in the process of efficient digestion, 


but is also the best preparation of the food for 
the action of those other digestive fluids of lie 
body which aw subsequently to come into 
contact with it. When effective grinding teeth 
arc absent these important functions aro of 
necessity more v or less imperfectly performed, 
the digestion of the food is more or less faulty, 
and tin' nutrition of the patient suffers in con- 
sequence. Where, in addition, the teeth aro 
much decayed or foul, and the gums diseased, 
the patient swallows with every mouthful of 
food a quantity of disease -forming micro- 
organisms and their products, while the odour, 
of his breath gives some indication of the extent 
to which li<» is poisoning the atmosphere which 
others are constantly breathing. Such being the 
ease, no one need he surprised at the frequent 
association of ill-health with had teeth, for, 
although a few may for a long time, owing to 
their great natural powers of resistance, ward off 
serious ill-health, yet, as decay of the teeth is the 
commonest disease that flesh is heir to, an 
immense amount of suffering, sickness, and 
diminished efficiency for useful work must be 
directly attributed to disease of the teeth and 
gums. 

Avoidable Tortures. It is significant 
that in a recent inquiry conducted by a Royal 
Commission the evidence of the dental surgeon 
afforded the most direct and positive testimony 
to the physical degeneration of the people of 
these islana.' It. must have been difficult, 
indeed, to compress the mass of evidence which 
any experienced dental surgeon would have at 
his disposal. Generally speaking, the condition 
of the tooth can only be described as appalling, 
and this is especially true of the teeth of the lower 
classes. Very largely owing to utter ignorance 
concerning the close relationship existing between 
the condition of the teeth and of the general 
health, reckless neglect seems to bo the rule, and 
the aid of the dentist is sought only when the 
tortures of toothache render life unendurable. 
Yd these results are certainly avoidable, and, 
even when they already show 7 themselves, it is 
possible to keep them in check and to effect in 
most cases a complete cure. It is not necessary 
to detail here the numerous unhealthy conditions 
which spring from bad teeth ; but it is important 
to realise how much suffering is the outcome, 
direct or indirect, of decay of the teeth, and to 
what extent these conditions yield to careful 
and skilful treatment at the hands of the dentist, 

Here, then, is the dignity of the dentist’s w 7 ork. 
His calling constitutes him one of the cus- 
todians of the health of the community. In this 
respect his services are second in value only to 
those of the doctor ; and if at times he can only 
effect a durable repair of the ravages of decay at 
the cost of some discomfort to his patient, he has 
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at least the consolation of knowing that he is 
saving his patient not only from severe pain, 
but from the risk of serious illness or debility. 

The Interest of Dental Work. Again, 
the popular opinion that the practice of den- 
tistry must be exceptionally monotonous is 
largely fallacious. It should he remembered 
that dentistry is essentially a progressive science 
and a progressive art. Both in the study of the 
diseased conditions with which he has to deal, and 
in the practical methods of manipulation with 
which he combats them, there has been in the 
past few years an enormous advance, and the 
'dentist, who wishes to keep abreast of his day 
will find that his special branch of surgery will 
make largo demands upon his time and study. 
It is true also that he is constantly dealing only 
with teeth ; but his pat ients fail to recognise that 
in each day’s work probably no two teeth dealt 
with present quite the same problem for solution. 
♦ And it would be wrong to argue that the work of 
a dentist must be lacking in interest as compared 
with that of a doctor because the dentist has to 
coniine his attention to one small part of the 
body. The same method of reasoning might be 
applied to a discussion of the comparative 
interest of the work of a general practitioner and 
of a specialist in some particular branch of 
medicine or surgery. 

Dentistry, or dental surgery, as ii would be 
better to call it, should be studied and practised 
as a special branch of surgery, and if this is done 
no dental surgeon need complain of the lack of 
variety and interest of his work. To complete 
the comparison of medicine and dentistry as 
professions it should be added that, whereas the 
practice of general medicine is still held to confer 
a higher social status upon the practitioner, the 
public recognition of dentistry as a branch of 
surgery is only a question of time, and is rapidly 
becoming more general, while the dentist, if his 
work is tedious, possesses two very mil advan- 
tages in that his hours of work can be fixed, and 
that, for the man of average ability, success is 
more easily to be attained. 

The Good Dentist’s Qualifications. 
It should be emphasised that, whereas financial 
success is not invariably the proof of merit, and 
still more is not: commensurate with the degree of 
merit, it is probably true that there is little satis- 
faction in mere financial success. The really suc- 
cessful dentist must have earned not only the 
reward of his labour but the regard and respect 
of his patients, as well as the approval of his 
profession. 

What, then, are the qualities which make for 
success in dentistry, and what, ought to be con- 
sidered disqualifications ? 

Fortunately, it may be asserted that, whereas 
certain natural qualities lit a man to a peculiar 
degree for the work of a dentist, there arc few 
qualities which cannot be acquired to a degree 
which ensures average success. Apart altogether 
from the question of general health, a dis- 
proportionately large hand, marked clumsiness of 
the hands, seriously defective eyesight, and 
-^■sinee the course of education is long and 
expens i\ e and the examinations of a somewhat 
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high standard — a dull brain, ought to bo con- 
sidered positive disqualifications. To persist 
in spite of them is to court disaster, involving 
the waste of valuable time and money. 

Practice and Theory. Turning to the 
positive aspect of the question, it cannot be too 
strongly emphasised that dentistry is both a 
sc ience and an art. Without debating at any 
length whether it partakes more of the nature of 
a handicraft or a learned profession, it may be 
confidently stated that the dentist who has not 
acquired both manual skill and intimate theo- 
retical knowledge of his subject is very 
imperfectly equipped, and must not expect to be 
successful. The student who gives his attention 
to the practice to the entire exclusion of the 
theory may become within his narrow limits an 
excellent mechanic as far as mere dexterity is 
concerned, but he cannot fail to be essentially 
a. rule-of-thumb workman, who will generally do 
the second host for his patient owing to sheer 
lack of knowledge of the conditions with which 
lie has to deal and of the means of dealing with 
them which science places at his disposal. More- 
over, to say that dent istry is a science is to affirm 
that the efficient practice of dentistry demands 
not only the acquisition of detailed knowledge 
but, what- is equally essential, the habit of 
thinking scientifically, and of constantly basing 
deliberate judgment upon a careful study of all 
the circumstances of every case. 

But if it be true that such a dentist is in- 
capable ot rendering the highest form of service 
to his patient, it is at least equally important 
to bear in mind that a lack of manual skill is an 
even more serious defect, and that the student 
who neglects his opportunities of acquiring 
dexterity in his work makes a still more serious 
mistake than he who has too little of the scien- 
tific spirit in his methods of working. 

Managing a Patient. These two, then, 
are essential qualities of the good dentist, without 
which he certainly does not deserve, and is not 
likely to attain, success. Wc have considered 
already the power of forming right judgments, 
of deciding what in the circumstances is the 
best course to pursue in dealing with each 
case as it presents itself, and it might be thought 
that, if equipped Avith those three qualities of 
knowledge, judgment, and skill, the dentist would 
he fully capable of dealing with the problems 
which his work involves, and that success would 
therefore be assured. That these qualities in 
themselves art' not sufficient is due to the fad 
that the dentist has to deal not merely with teeth 
but with individuals. Were it otherwise the 
dental art would indeed present few difficulties 
though it would as certainly be robbed of much 
of its interest. 

But the fact that the dentist has to treat 
human beings, and not merely a number of teeth, 
complicates not a little the problems ho has to 
solve. And it does so in two ways. In the 
tooth he has to deal with an organ of exceptional 
sensitiveness, which demands not only the 
gentlest handling of which he is capable and an 
intimate knowledge of the means of diminishing 
sensibility, but also a peculiar skill in “ managing 
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a patient/* So far is the dentist from being 
callous to the suffering of others, that a man 
cannot in any sens^ of the word be a successful 
dentist unless he is keenly alive to the pain his 
manipulation may cause, and unless he strives 
constantly to minimise it. 

The Dentist’s Greatest Difficulty. 

Individuals differ widely hi their sensitiveness 
to pain and discomfort, and in their capacity 
to endure them for the sake of future comfort 
and benefit. Some display a fortitude creditable 
in the highest degree, while others show an im- 
patience and want of control which would bo 
contemptible were they not pitiable. Ostenta- 
tious sympathy may destroy for the time the 
little self-respect which some patients possess, 
whereas a little firmness may brace a nervous 
and excitable patient in an extraordinary manner. 

Tt need hardly be said that, when he desires to 
lie firm, the dentist must be careful to avoid 
even the appearance, of brutality, for his aim 
must always be to inspire his patient's con- 
fidence, not only in his skill, but equally in his 
desire to do what is best with 
the least possible pain. To be 
successful he must acquire, 
in addition to technical skill, 
a knowledge of human 
nature, the power of rapidly 
judging temperament, and 
of accommodating himself 
to temperament. To recon- 
cile his ambition to do good 
and permanent work with 
his desire, not to give avoid- 
able pain is, perhaps, the 
greatest difficulty with which 
the dentist has to contend. 

It may seem superfluous to 
add that the dentist needs a 
large fund of patience, and j section of tooth, showing nkuve 
lat, if the difficulties of his CUAM uer, canals and cavity of decay 
work or the exasperating 
conduct of his patient have exhausted it, he must 
assume a virtue which he no longer possesses. A 
word should be added on the desirability of 
acquiring the habit of absolute fairness, almost 
of generosity, in all that is said to pat ients with 
reference to work done by other practitioners. 

This quality, like that of conscientiousness in 
working, the best kind of- patient will always 
learn to admire and respect, and both will earn 
in time their own reward. 

A Day In the Life of a Dentist. Two 
other matters call for consideration. One is 
the quality of invariable courtesy ; the other 
that of scrupulous cleanliness. They do not 
need to be enforced by any argument. They 
are absolutely essential, and no greater mistake 
can be made than to suppose that they can be 
assumed at will for the occasion. They must ta 
part and parcel of the man. 

There is the greatest practical need for what 
has been said of the popular ignorance of the 
realities of the dentist's work. It is important 
that no young man should take up the work of 
preparing himself for practice under an entirely 
impression, and it may be helpful to give 
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some idea of a typical day's work in a dental 
surgery. 

The first patient may be waiting for the dentist 
when he arrives in the morning ; and it trans- 
pires that he has spent a night of such agony as 
only those familiar with toothache at its worst 
can realise. With little warning, severe pain may 
have come on soon after the patient retired on 
the previous night, and raged almost without - 
cessation. None of the simple domestic reme- 
dies have been, in his case, at any rate, of any 
avail ; and, in spite of great repugnance, the 
dentist’s assistance is sought at the lirst oppor- 
tunity, w’ith the determination to “ have 
it out.” 

The First Problem of the Day. 

Here, then, is the first problem of the day. 
The dentist has to form an opinion upon the 
cause of the pain, and to decide upon the l>est 
method of dealing with it. Without entering 
deeply into technical details, it may be said 
that pain of this kind is probably due to one or 
ot her of two causes. Every reader who has spent 
much time in the dentist's 
chair has heard of what is 
called' “ the nerve.” This 
bundle of blood-vessels and 
nerves, which travels through 
a minute hole at the end of 
the root of a tooth, and 
thence through a tiny canal 
which runs through the 
centre of the root from end to 
Bone of cJaw on<1 ’ final| y apnwte out to 
form a clump in the centre 
of the tooth itself [1]. When 
decay attacks a tooth there 
may be little or no pain until 
the hollo wing-out has gone 
so far that a cavity is formed 
nearly as deep as this clump 
of blood-vessels and nerves. 
Even at this stage there may 
l>e no pain unless the nerve is injured by 
an instrument or some hard particle of food 
bitten into it. More often, however, a nerve 
which lias in this way lieen exposed by the 
’hollowing out of decay will become inflamed 
and extremely painful, and, if left to itself, 
will most likely inflict intense suffering for 
days, when it may cease in a mysterious way 
to hurt any longer. In such a case the nerve 
is said to have died, and is, in fact, no longer 
a part of the living body. Jt is like a limb which 
has Ixjen amputated, or a finger which has 
been frost-bitten. In other cases the inflamed 
nerve gradually ceases to J>o painful, and there 
may be relief for a feu days, weeks, or months 
and then, perhaps, another severe attack, du:j‘ 
which the nerve finally dies. 

Danger of Neglecting a Dead Nerve. 
Unfortunately, the pain which a nerve is 
capable of causing is not. limited to the time 
when it is alive. The presence of that bundle 
of dead tissue in the tooth and in the root 
or roots of the tooth, constitutes a real danger. 
This dead matter, if it be attacked by micro- 
organisms or microbes — which are exceedingly 
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common in mouths that are neglected— 
will decompose ; and, unless the gases and 
poisonous juices which result from decom- 
position can escape through the cavity which 
decay has made, they will pass through the 
minute hole at the end of the root and cause an 
inflammation of the bone and soft tissues of the 
jaw. This inflammation is the beginning of an 
abscess, or collection of matter, which ends by 
opening upon the surface either of the gum or of 
the skin of the face, chin, or neck. This, then, 
is the second cause of severe toothache, and the 
first work of the dentist is to determine which 
condition is responsible in any particular case. 

The Folly of Indiscriminate Extrac- 
tion. Having determined this, partly by asking 
questions calculated to elucidate the circum- 
stances of the ease, and partly by a careful 
examination of the tooth and its surroundings, 
the dentist has next to decide how liest to 
relieve the pain. An inexperienced patient, 
having suffered acutely from such a tooth, will 
po doubt strongly urge that the offender should 
be removed, and. unless reasons can .be urged 
against this, the suggestion will certainly , be 
followed, since it is obviously the quickest and 
simplest method of giving complete relief. But 
the modern dental surgeon, and with 1 Him at 
least a section of the public, has conic to realise 
that the extraction of teeth, though in most 
caseH a beautifully simple way of getting rid of 
pain, is an operation not lightly to be under- 
taken — an operation, indeed, which should be 
regarded only as a regrettable necessity in 
certain eases. When a tooth is still capable of 
rendering useful service, every attempt should 
be made to preserve it. A wise patient will 
prefer to endure some discomfort rather than 
sacrifice a useful tooth to the forceps, and the 
conscientious dentist will do his utmost to dis- 
suade a patient from extraction if the tooth can 
be permanently and usefully preserved without 
making an unjustifiable demand on the patient's 
endurance. 

The Method of Treatment. Naturally, 
the method of treatment will vary with the 
cause of the pain. In a case of exposed or 
inflamed nerve, the dentist will remove, some 
of the decayed tooth -substance which more or 
less tills the cavity, and. having located the spot 
at whicli decay has attacked the nerve, will 
apply to it a small quantity of one or other of 
the various nerve -destroying substances at his 
command. Most of these preparations contain 
arsenious acid, which has the peculiar power of 
destroying the vitality of the nerve, combined 
Avitlyother drugs which are added for the purpose 
J)f relieving the pain temporarily, until the 
arsenious acid has had time to complete its 
work. The nerve-destroying preparation is then 
sealed in the cavity with soft gutta-percha or 
some other temporary stopping material, and 
the patient dismissed, ail appointment being 
made for another visit. 

If, on the other hand, the ease be one of 
incipient abscess, the decayed substance is more 
freely removed, and the cavity enlarged until the 
dead nerve rani erial is accessible. As much of 
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this as can be removed without much grinding 
and cutting is then cleared away, and a little 
pad of cotton -wool soaked in carbolic acid or 
some similar antiseptic is placed in the cavity 
previously occupied by the nerve. This is then 
sealed in as before, and an appointment made 
for another visit. 

It will be understood that in dealing with 
either of these conditions, especially with an 
exposed nerve, the utmost delicacy of hand- 
ling is demanded. The tooth and its surround- 
ings are acutely sensitive, and it should be the 
dentist’s aim to manipulate them as little as may 
bo consistent wit h relieving pain. Such a patient, 
having probably passed a sleepless night, and 
being inclined, perhaps, towards extraction, 
deserves to be treated with every consideration 
and to be saved from all unnecessary pain. 

Filling the Tooth. Let us suppose that 
the next patient is one who a week ago was in 
much the same straits as the first patient found 
himself in this morning. The nerve -destroying 
material- was applied, and relief obtained. There 
may have been for a short time during the suc- 
ceeding night or day a return of pain of varying 
intensity, but the ■ tooth is quite comfortable 
again now, and the next step towards the per- 
manent saving of it may be taken. 

This is the tilling of the tooth. The operation 
consists of the removal of the inflamed nerve, 
which is now dead, and subject, therefore, 
to decomposition. This is performed by means 
of tiny barbed steel bristles, which are inserted 
into the nerve canal and withdrawn when 
the sharp barbs have caught the nerve tissue 
firmly, drawing it out of the canal. The 
complete removal of the dead tissue having been 
performed by means of these bristles and by Zinc 
drills rotated in the foot-engine with which most 
people are acquainted, the tiny canal is filled 
with little lengths of gutta-percha or some other 
filling material, and steps are taken to fill the 
cavity which decay has made, and which may 
have been enlarged by the dentist in order to 
enable him to obtain access to the canal or 
canals of the tooth. This, then, is the place to 
refer to the difficult problem of the choice of the 
most suitable tilling materials. 

The Ideal Filling Substance. Any- 
one who considers the matter carefully will 
perceive that a substance which is to serve 
the purpose of a tooth -filling should have certain 
qualities. Lt should be hard enough to with- 
stand the force of biting and chewing ; its 
appearance should resemble that of the tooth 
in which it is inserted, so that it cannot be 
detected ; it should form an insoluble, water- 
tight, non -poisonous plug which is not irritating 
to the delicately sensitive nerve close to which 
it is placed. It should not conduct heat or 
cold readily; it should be naturally adhesive to 
the sides of the cavity : and it should be capable 
of being inserted so quickly and painlessly as not 
to be disagreeable to the patient, and so easily 
that failure to fill the tooth well and permanently 
is almost out of the question. Unfortunately, 
although many years of research have been 
devoted to the attempt to discover a substance 
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combining all these desirable qualities, there is 
nothing known which can be called an ideal 
filling material. Many of the substances at the 
dentist’s command possess some of the qualities 
desired, and in a few eases almost all the qualities 
needed are found combined in one material. The 
dentist has, therefore, the task of deciding in 
each particular ease which qualities are least 
essential and which seem most desirable, and of 
making his choice in accordance with the judg- 
ment he lias formed. 

Common Filling Materials. The sub- 
stances in common use as fillings may be 
classified. 

Metals. Pure gold in various forms and 
pure tin are examples. 

Cement. Formed by mixing certain acids, as 
phosphoric acid, or fhe acid salt zinc chloride*, 
wijh certain salts such as zinc and magnesium 
oxides, the compound becoming hard in the 
course of a few minutes. 

Amalgam. The result, of combining mercury 
with certain metals such as gold, silver, copper, 
zinc, or tin, the compound becoming hard within 
a period which varies from a few minutes to 
several hours. 

( U T TTA- pktu.'H \. Used in various forms. 

PoiU’KL \ix. The mineral which is the result of 
fusing compounds of silica by great heat. 

It is impossible within onr limits, and unneces- 
sary for our purpose, to enter at length into a 
discussion of the properties of these substances, 
which are more fully treated in Chemistry. 
The subject is an intricate one, involving much 
technical knowledge, which it should be the aim 
of flu*, student to acquire. It will be seen, 
however, that the choice of the most suitable of 
them for each individual case gives scope for the 
exorcise of mature judgment, and that the skill 
requisite for the manipulation of so many differ- 
ent substances to their best advantage is of a. 
high order. The majority of them, possessing 
htlle adhesiveness, require that the cavity into 
which they are to be inscitcd should be specially 
prepared by cutting grooves and dovetailed 
holes, in order to render if retentive in form. 

Removing the Dead Nerve. The next 
Patient may be one for whom the growth of 
abscess has been cut short in the manner 
described when the requirements of flu* first 
patient were being discussed. Here, again, 
the first object which the dentist sets Ixdore 
himself must be the* complete removal of the 
dead, and, in this case, decomposing nerve- 
t issue. The latter will lie in a more or less fluid 

* edition, and groat care has to be exorcised in its 
removal to avoid driving any of the poisonous 
material through the aperture at the end of the 

into the tissues surrounding the tooth, whore 

may, as we have seen, cause serious inflam- 
mation or abscess. The canals having lx*on 
thoroughly cleansed and filled, the problem 

* gain resolves itself into one of the choice and 
msertion of a filling material. 

Following this there may be a succession of 
patients presenting teeth in which the process 


of decay has not advanced so far, and the dentist 
may decide that the tooth can be safely filled 
without first destroying the nerve. The advan- 
tage of this procedure consists in the fact that 
the full nutrition of the tooth is unimpaired by 
the loss of some of the blood- vessels which 
supply it, the life of the tooth being conse- 
quently prolonged. The risk of the procedure 
is that a filling material, if placed too near 
the live nerve, may irritate it, and thus cause 
inflammation and severe pain. 

During the day s work, also, fliere will pro- 
bably be several visits from patients requiring 
some slight adjustment of the artificial tooth 
they are wearing, which, owing to some change 
in the mouth, are causing discomfort. 

Dental Work Among Children. The 
dentist may also be consulted with refer- 
ence to children in whose mouth the teeth, as 
they appear through the gums, are taking up 
unusual positions, causing disfigurement or pain, 
and lie will have to deal with t he so either by 
extraction or bv adjusting to the mouth various 
forms of appliances which correct the irregu- 
larity by pressure upon the offending tooth, 
which guide's it to its proper place. 

Finally, there is a class of patient who present 
an entirely different problem. These people 
have in many eases been recommended by a 
doctor to seek the aid of a dentist in curing the 
diseased conditions which arc largely the result 
of deficient or diseased teeth. By far the com- 
monest of these conditions is dyspepsia or indi- 
gestion. Such a patient’s mouth may present 
an appalling picture of the ravages of decay. 
Many of the teeth may he so extensively decayed 
that nothing remains of tin* crown. Other teeth 
are coated with a hard substance called tartar, 
while many spaces indicate how often a tooth has 
been sacrificed to the forceps for the relief of pain. 

The Dentist as Doctor. For such a patient, 
the dentist may have 1o perform a variety of 
operations. Nome diseased and useless stumps 
may need extracting, during which the patient 
may be rendered unconscious by the adminis- 
tration of anaesthetics : for some it may be 
possible to construct and attach an entire 
tooth -crown of gold : the tartar has to be 
removed, and the gums restored to health ; 
cavities in teeth which it is decided to preserve 
must be tilled, while it is often necessary to 
supply the place of teeth that have been lost 
by ariitieial ones made of porcelain and mounted 
upon plates of gold or some other substance 
carefully adapted to the jaws. 

Such, then, is a short survey of a day’s work 
in a dental surgery, and at the cost of repetition 
it may lx* added that the mechanical and sur- 
gical problems alluded to are generally compli- 
cated by some degree of sensitiveness, ignorance, 
prejudice, or even obstinacy on the part of the 
patient. It is needless to say, perhaps, that 
outside the actual work of the surgery the con- 
duct of a busy dental practice involves the 
writing or superintendence of a considerable 
correspondence and book-keeping. 

Continued 
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THERE was no diroot hoir to the throne when 
A Anno died, and tho supporters of the Stuarts 
and those of the House of Hanover IiojkhI to 
snatch the crown. The House of Guolf, to which 
George the Elector belonged, traced its descent 
to the days of Charlemagne. On<^ of its members 
had married a daughter of Henry IT., and thus 
founded the Brunswick family. 

George the Elector was born at Hanover on 
March 28th, lOtid. He was the eldest son of 
Ernest Augustus of Hanover and of the Electros* 
Sophia, daughter of .James I., and was thus 
connected with the lino of English sovereigns. 
On Anne's death lie was proclaimed King of 
Great Britain and Ireland. Ho had boon Elector of 
Hanover since 1698, and had fought in the cam- 
paigns of Marlborough. Tn 1082 he had married 
his cousin, the. Princess Dorothea of Zell. The 
marriage was unhappy, and ended in a divorce. 

Sir Robert Waipole. George I., on his 
accession, immediately nominated an entire 
Whig Ministry, with Charles Towns bend as 
Prime Minister, lie was, however, soon suc- 
ceeded by the famous Sir Roliert Walpole, who, 
during the reign of George 1., practically ruled 
the country. He had held office in Queen Anne's 
reign, but was found guilty of peculation, 
expelled from the House, and imprisoned in the 
Tower. In J 7 1 f> he became First Lord of the 
Treasury and Chancellor of the Exchequer. He 
resigned two years later, hut on the death of 
Htanho])o he again tilled both offices, which lie 
held until his resignation in 1742, when he was 
created Earl of Orford. 

He was a great financier as well as a groat 
statesman, and it was his financial genius which 
prevented the most serious consequences from 
following the failure of the South Sea Company — 
the “ South Sea Bubble.’ 

The story of the Stuart risings in the reigns of 
.George T. and George IT. has already been told. 
In 1723 BoJinghroke returned to England, joined 
the opposition to Walpole, and contributed to 
the “Craftsman, ” a political publication of that 
time started by Bolingbroke and Pultency. A 
brilliant politician of that day was Carteret, 
afterwards Earl of Granville, another bitter 
' oppbnent of Walpole. 

^ George II. George II., who succeeded his 
father as Elector of Hanover and King of Groat 
Britain and Ireland in 1727, was born on November 
10th» 1683, and was declared Prince of Wales in 
1714. Ho took a more active part in the govern- 
ment than his father before him had done, but 
during the early part of his reign Sir Robert 
Walpole was still the ruling power. George II. 
was pot a man of any great qualities, and his 
* privotalife was, like his father’s, immoral, 

although 1*0 was much influenced by his wife. 

" * " 


England was at peace witli other countries 
until tho death of Walpole in 1745. During that 
time many treaties were made, one with Spain 
in 1720. known as the Treaty of Seville, which 
was confirmed two years later by the Second 
Treaty of Vienna. In the same year Townshend 
retired because Walpole compelled him to reject 
the Pension Bill. 

The Tax on Wine and Tobacco. 

Walpole wished to follow his tax on salt by oik* 
on wine and tobacco, but this was so unpopular 
that he had to abandon it. TJie Definite Peace 
of Vienna was signed in 1738. Walpole retained 
liis majority, and Bolingbroke went to Franco, 
where he remained until 1742. In the follow 
ing year occurred the famous Porteous riots in 
Edinburgh, caused by the hanging of a smugglet 
calk'd Wilson. Captain Porteous, of the City 
Guard, commanded his soldiers to fire on the 
mob who had rioted, and some of the people 
were killed. Porteous was condemned to death, 
but on being respited by the Government was 
seized by the rioters and hanged. The Lord 
Provost was dismissed, and the city had to 
pay the widow of Porteous £1,500. 

In 1737 the Prince of Wales quarrelled with 
the King about his jointure, in which the King’s 
party were successful in Parliament. Two years 
later Walpole was compelled to declare war against 
Spain, but the expeditions which were sent wen* 
not successful. In 1742 the Government came 
in with such a small majority that Walpole re- 
signed office, and in the next year Henry Pelham 
became Prime Minister. The question of the 
Austrian Succession now came up again, and a 
large army of English and Hanoverians was sent 
to the Netherlands. George II. took part in the 
war, and commanded the English and Hanover- 
ian army at the Battle of Pettingon in 1749, 
when' lie greatly distinguished himself. No 
English king has since taken part, in a battle. 
Two years later the King’s second son, the Puke 
of Cumberland, fought in the Battle of Fontonny. 
in which tho French, under Marshal Saxe, wen* 
victorious. In this war the Irish Brigade, com- 
posed mainly of Irish exiles, fought on tho side 
of the French. The Treaty of Aix-la-Chftpelli 
ended the war in the Netherlands in 1748. 

The Seven Y ears W ar. In the meantime 
Pelham had resigned and returned to office. 
In 1751 tho Reform of the Calendar was intro 
duoed, -and in 1753 Hardwicke’s Marriage Act 
Pelham died in 1754, and Newcastle became 
Prime Minister. The Seven Years War began in 
1756. Minorca was captured by the French, ami 
Newcastle resigned. In the same year, a CoaJi 
tion Ministry was formed, with Pitt Os Prum 
Minister. The King had for a long time refused 
to receive Pitt as a Minister, butliad at length 
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txjen compelled to give way, as it was impossible 
to form a Government without him. Pitt thus 
became Secretary of State and Leader of the 
Commons. 

The Seven Years War went on with varying 
success. The Duke of Cumberland was defeated 
at Kloster-Seven, and compelled by the French 
lo capitulate. In 1758 Ferdinand of Brunswick 
succeeded him, and in the following year he won 
a groat victory at Minden. In September of 
the same year Admiral Boscawen defeated the 
French at Lagos. One of the groat events of this 
year was Wolfe’s capture of Quebec. This victory 
iakl (lie foundation of one of England’s tinest 
Colonies. Tin* leaders on both sides were killed 
in this struggle - the Marquis of Montcalm in 
the hour of defeat, and Wolfe in the hour of 
victory. In November Hawke defeated Con flans 
olT Quiberon. 

Clive, the Hero of Plassey. Tn the 

meantime the great English soldier, Robert 
Hive, who has l>eon called the mil founder of the 
Anglo-Indian Empire, won the famous victory 
of Plassey, and in .1759 the siege of Madras was 
raised, and Coote took Wandewash. 

George II. died on October 25th, 17(50- the 
year following those famous victories. 

George 111., his grandson, succeeded as King 
of Great Britain and Ireland and Elector of 
Hanover. He was born in London on June 1th. 
1 75N, his father, Frederick. Prince of Wales, 
having died before George li. Jn 1701 George 
III. married the Princess Charlotte of Mecklen- 
burg -Strelitz. George ITT.’s reign was one of the 
longest in English history. In it occurred some 
of the greatest events of all time, and in it, too. 
lived some of the greatest of English statesmen. 
George III. was very different from cither of his 
predecessors. He had no intention of leaving the 
country in the hands of his Ministers ; he wished 
to rule himself. The Minister who had most influ- 
ence with the King was Lord Bute, who was, 
however, extremely unpopular with the English 
people. The King was violently opposed to the 
Whigs, and in 1701 the “ King’s Friends,” as they 
Mere called, succeeded in driving Pitt — after- 
wards the famous Earl of Chatham — from power. 

The Prosecution of WilRes. The 
Peace of Paris, in 1705, reversed the policy 
of Pitt. George Grenville was Prime Minister 
in 1703, and was succeeded in 1700 by Rocking- 
ham. Pitt, now Earl of Chatham, would have 
been willing to become the head of the Govern- 
ment but for an illness which made it impossible, 
and the Administration was continued by the 
Duke of Grafton. The prosecution of John Wilkes 
for the famous No. 45 of the “ North Briton,” the 
paper in which he criticised the King’s Speech, 
made him the most popular man in England, 
and his name has ever since been associated 
vv ith liberty. Wilkes was at this time Member for 
Aylesbury, but as he did not obey the order of 
the House to attend in his place he was expelled 
m his absence. In 1768 he stood for Parliament 
lor the City of London, but,, being defeated, he 
■W onpe became candidate for Middlesex, and 
was elected by an overwhelming majority. 


Wilkes w'as sentenced to a fine of £1,000 and 
imprisonment for twenty- two months, and a new 
writ was issued for Middlesex: but Wilkes was 
again returned. Whenever the law declared him 
disqualified to sit in Parliament the electors of 
Middlesex again elected him, and when at last, 
in 1774, Parliament was dissolved, and Wilkes 
w as again returned, the contest was not re-opened, 
and he was allowed to take his seat. 

The Gordon Riots. Lord North became 
Prime Minister in 1770, and remained so for 
twelve years, during which the country was in 
reality ruled by the King, of whom North was 
merely the instrument. Those years were 
disastrous for England. The policy of coercion 
used by the King's wish towards tin* American 
Colonies led to tin* American Revolution, the 
story of which is told later. In 177S Lord 
North wished to resign in favour of Chatham, 
but this the King refused to allow', and the 
death of the “ Great Commoner ” iri the follow- 
ing year left the King free to pursue his own 
policy with regard to America, in spite of the 
remonstrances of North and the resignation of 
several of his colleagues. The Gordon Riots began 
in 1779 by a meeting in St. George's Fields of a . 
body of 50,000 people to present a petition for 
the repeal of the Catholic Relief Aet. The mob, 
encouraged by Lord George (Jordon, forced 
their way into the House of Gammons. The 
House adjourned and the mob dispersed, but 
committed all manner of acts of violence. (Jordon 
now thought his followers were going too far, and 
tried to restrain them, but it was too late. The 
Gommons met after the adjournment on June (5th, 
and decided to consider the petitions, but the 
same night the mob broke open Newgate and 
released the prisoners. The King behaved with 
courage and resolution, and the military were 
immediately employed to put down the riot. 

Fox’s East India Bill. Notwithstand- 
ing tlie King’s dislike of the Whigs, there 
was now a Whig Ministry, and in 1785 the 
Coalition Ministry of Charles .James Fox and 
Lord North came in, resolved to break the 
Royal authority. The King determined to appeal 
to the country against the Government, and by 
unconstitutional means procured the rejection 
of Fox's East India Bill. Parliament was dis- 
solved, and the elections resulted in a victory for 
the King over the Whigs. William Pitt, the son 
of Chatham, formed a Government in 1785, and 
under his administration England was powerful 
and prosperous, and the popularity the King 
gained in consequence, was entirely due to the 
genius of his great Prime Minister. The King's 
mind became affected in 1789, but he soon re- 
covered. The public rejoicings at this event were, 
perhaps, due more to distrust of the Prince of 
Wales than to any enthusiasm for the King ; and 
the outburst of the great revolution in France 
had the effect of inducing many of the moneyed 
classes to support the Throne. But the lower 
classes suffered much from repression and injus- 
tice, and were consequently glad to welcome the 
new' democratic doctrines which were gradually 
spreading over Europe. 
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printing A NEWSPAPER IN METAL 

5 The Foundry. Stereotyping. The Papier Mach6 Process. Quick News Methods, 

cvintiniii'd from The - Autoplate. Electrotyping. The Dalziel Process. Finishing Blocks 


r TITE process of printing wears out type, 
1 every impression flattening the surface by 
an imperceptible yet definite degree. Typo 
is costly, and the. printer naturally seeks out 
means to lessen the wear and tear on it. Other 
considerations prompt the idea. For instance, 
many books run to (MM) pages, and no printer 
could allow all that amount of type to stand 
in pages. Of course, the obvious remedy is 
to print off the first formes, distribute the typo, 
and use it for the following portion of the book. 
But if another edition of the book is called for, 
it all requires to be set anew. By taking a 
mould off the pages, from which any number 
of reproductions can be. east, all that expense 
and trouble may be obviated. 

The Paper Process. The paper process 
may be resolved into four parts: (L) the com- 
position of the “ Hong ” ; (2) forming the 

matrix ; (3) casting the plate ; 

(4) finishing the plate. K ^ 

i Typefounders have so simplified m 

the furnishing of the stereotype 

foundry that a complete equipment, 28 ft at sm 

could bo carried in a wheelbarrow ; * Am) 

but as concentration, in this case. 

produces complexity, 


we will go into a huge I 

modern roundly, when* k 

everything can be seen JhKl 

■ on an expanded scale. ^ 

melted an alloy of lead, 

tin, and antimony, ^ gf 

heated by a fire or gas ; V AM II 

next stand the. hot ■ HH if 

plate , a table with an JM 

iron top, hollow, for WmESlk -- 1 . 

heating from the in- 

side by steam or gas 

or coai furnace fumes. 

and over the end of (Gpeu) 

the table the matrix- . 29- ga,< 

press, looking in every respect 

like a gigantic letter-copying ^ ' — — - 

press. Firmly based on its thick 

legs' stands the large iron-topped „ 

\m posing table [321 ; near it is the BEA1 

cha&e-ra<ck, holding a number of chases, ranging in 
size from large quarto to little things capable of 
holding a small card. Over a bit, out of the way 
of tbo founding operations, w f e see the machine 
department, with circular saw [311, cutting lathe, 
bevelling tool, and shaving knife. On the 
benches and tables lie brushes, shears, and 
* various small implements. In small offices, the 
hand shooting board and plane, shown in 28, is 
used. Scarcely observable, but most important, 
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out type, sits the paste- jxrt, with its brush, and on tho 

surface, by bench near lies the store of tissue and blotting 

ree. Type papers, without which the paper process would 

seeks out be impossible. 

it. Other Making the Matrix. This array of 
r instance, tools and appliances will become intelligible as 

no printer we proceed. The tonne is brought in from the 

* to stand composing-room. If it is a large forme, tho 

remedy is stereotyper usually breaks it up into smaller 

* the type, sections, the unit preferred being two pages, 

the book. Damping the type to make the letters cling, 

called for, the workman unlocks the forme, sets the clumps 

y taking a round the first section, and locks it up. He 

iy number now prepares the /long. On a sheet of thick 

it. expense blotting-paper a thin layer of paste is brushed, 

and upon it. a sheet of tissue-paper is evenly 
:>er process laid. Another application of paste, and another 

i the coni- sheet of tissue, and then another two sheets 

•ming the pasted as before, compose the (long. Oiling tho 

c v surface of the type, the workman 

L ^ \ lays his flong over it. This done, 

m n \ he puts a linen sheet over the 

Hong, and, taking a long bins!) [30 1. 

28. FI.AT SIIOOTINI1 BOARD '**'"* *° ,K ‘f ,,0n « in *° “*« 

1 type. The linen cover protects 

the soft, pasty composition, while 
rm—^w'j conducting the blows 
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30. BEATINO BRUSH 


of the brush bristles. 

4 B e a t i n g the flong 

irregular strokes ruin 
the whole thing. When 

ping -paper should he 
pasted on the back to 

Clewed) Hong on it, is carefully 

casting BOX removed to the hot 

plate*. Protected by a few layers 
of blanket, the forme is run under 
the press, which is screwed tightly 
down on it. In a few moments 
a ik h the press is unscrewed, the forme 

drawn out, and the matrix cautiously skinned 
off the. face. Having been tightened, the forme 
is sent back. Pasting a flap of brown paper 
on the bottom of the matrix, the workman 
stretches it out on the hot plate under weights 
at each comer to dry. 

Casting the Stereotype Plate. When 
the matrix has been thoroughly baked, it 
trimmed and made ready for the easting- box 
The casting-box [29] & merely t'Wo thick iron 






PRINTING 


plates, loosely hinged together at one end, fitted 

with closing clamp at the other, and mounted on 

a stand with swivels and springs that hold it in 

either a horizontal or vertical position. For the 

reception of the matrix the easting -box is put 

in the horizontal position, and the upper plate 

lifted back. On the level plate the baked 

matrix is laid, and round its 

three sides flat bars of steel. 

an inch broad and ( l in. thick, 

are set. The upper plate is 

brought down, and a mould ^ 

formed. Firmly clamped, the f 

easting-box is turned to the 1 

vertical position. The flap we J 

saw fixed to the matrix now 

lies over the mouth of the 1 

easting-box, and forms a feeding- 

apron for the metal. Having 

tilled his ladle at the* melting- 31. circular 

pot, the caster pours the metal WNt: Mvcun 

into the mould. Lead settles 

and cools quickly. In a minute the mould is 

opened, and a bright new plate comes out. 

Trimming and Squaring the Plate. 
When the stereotype plate leaves the mould 
it is not ready for printing. A quantity of 
superfluous metal hangs about it. and other 
finishing touches arc* needed. Clear off the 
buys and rims with the circular saw j31), a 
toothed disc of steed set on a spindle within an 
iron table and driven by power. Our plate is 
too thick and the hack too rough. Cor remedying 
these defects wo have the planing machine or 
slmoting-board ami plane (28J. Rasp the 
top and bottom of the plate; with a file to 
the depth you see necessary as a guide to 
the tool. Otherwise; it may shave oil' too much. 
When the knife has passed over the plate it is 

the right thickness and as smooth as glass. 

If you look al an old stereotype plate, you 
will see that the edges are . 

•- moo th and slanted or l 

bevelled, whereas a plate 
fresh from the saw has a 
rough and straight edge. 

Resides, the sawn plate is 
seldom exactly square. The 
inventors have foreseen the 
need, and provided squaring 
and bevelling machines in 
numbers. The best and sim- 
plest consists of a movable 
iron table, fitted with screw s 
and gauges for fixing the 
plate, set against a vertical 
spindle, capable of being 
driven at enormous speed 
and armed with a triple 
knife. Protect the face of 32 . imposing an 
tne plate from the iron table 
by a pad or blanket, set it true in position, 
and let it move slowly along the whirling knives. 
In a few moments a finished plate results. 

Quick News Methods, Book-printing 
w rather a leisurely business. A day or two 
lost in the production of a hook matters very 
little. With the newspaper the case is 


CIRCULAR SAW AND BJi 
INC M WHINE (K. It'*.* A l 


32. IMPOSING AND BEATING TABLE 


altogether different; it must In? out every 
morning to the minute. Four large; sheets, 
containing as many words as an ordinary novel, 
have to be set, stereotyped, and nearly a million 
copies of them printed in the space of a few 
hours. 

The storm centre of this cyclone of labour is 
the foundry. As every page 
comes in on the trolley table 
BtHEjJ then* is a sudden rush of busy 

*•**•£" " men, find the foundry becomes 

jjpV the scene of arduous labour. 

Yet the stereotyper has not 
fMHgjjl been caught unawares ; he has 

been ready for the rush. Sheets 
of Hong ha ve been prepared and 
cut to page size, and lie waiting 
between damp cloths. The huge 
metal -pot is at the proper 

\\v and bevel- heat: the hot press awaits the 
k (K. i(*m* a (’o.) forme, and the easting-box stands 
in position. It is round, like 
the segment of a circle, and this segment tits 
the circumference of each cylinder of the great 
rotary printing machines which will shortly he 
rolling olT the newspapers at the rate of 1 ) 0 , (XMI 
per hour. 

Working Against Time. The adver- 
tisement pages come, in early, and they are 
east in a more deliberate way than the late 
new\s pagi*s. But the appliances and methods 
are tin* same. The forme comes in on the trolley, 
or table, and the workmen promptly slide it 
on to the imposing stone, or table. A swift 
brush with oil makes the type surface glisten, 
and then the Hong hides it from view. Two 
men rapidly beat the flong into the type with 
brushes. Or, if the equipment is up-to-date, a 
flong- beating machine [33] performs the opera- 
tion even more quickly. A thick sheet of paper 
is pasted on the back of the flong. Further 

_ protected by a flannel sheet, 

the forme is run under the 
roller geared at the. end of 
the table, which deepens the 
impression on the flong [341. 
Pressed ami dried in the 
way formerly described, the 
matrix passes into the circular 
casting- box, and is east. The 
finishing tools in the news- 
paper stereotyping foundry 
are automatic, as a rule. The 
trimming saddle is a curved 
block, equipped with cutting 
tools at end and side. On 
this the plate is fixed, and 
the knives quickly shear off 
the tags and margins on one 

hkat.no table °V d and , To turr V tho 
plate round takes no time, 

and in another moment the whole plate is 
trimmed. But the back of the plate may bo 
rough and uneven, and our flat planer is of no 
use tor that cur veil thing. A planer has been 
devised to meet the need. This is a lathe with 
circular lied and circling knife. Laid face down- 
ward in the circular bed, the back of the plate 
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yields its irregularities to the cutting tool, 
which rapidly moves in the same circle as the 
surface of the machine cylinder. The first 
stereotype plate can be produced complete in 
ten minutes, and subsequent plates in a much 
shorter period. 

No newspaper office is exactly 
like? another, and in every office 
improvements art? always being 
devised. For that reason we have 
purposely avoided minute details, 
and confined our description to 
the general features of 
the process. 

The Autoplate. 

Rapid as the process 
of stereotyping for news- 
papers has become, the 
demand is for processes 
more rapid still. Short 
though the pause, is 
between the locking-up 
of the formes and the 
coming of the stereo 
plates down the lift, it 
occurs just in the period 
when seconds are 
precious. The obvious 
remedy was a stereo- 
typing machine, but it was easier to point to 
the way out than to invent* the machine. In 
course of time, however, the desired time-saver 
appeared in the shape of the machine known as 
the “Autoplate” |35]. This machine consists 
of a casting mechanism and a series of finishing 
mechanisms which automatically co-operate in 
one machine to make the casts and finish 
them. It runs at the rate of between three 
and four plates a minute, and turns out a 
better quality of printing plate — with a harder 
and finer surface — than it is possible to make 
by hand. The improved quality of the plates 
is more particularly evidenced in pages con- 
taining illustrated matter, by reason of their 
being cast under great pressure. 

In the casting mechanism, at one end of the 
machine is placed the matrix. The operator, 
by the turn of a lever, starts the machine casting, 
and it proceeds automatically until the desired 
number of plates has been made and sent to 
the finishing devices. Then the matrix is 
removed, and another inserted, an act which 
requires but an instant of time. 

During the operation of the machine the 
matrix is cared for automatically; and having 
been once inserted and secured, it requires no 
further attention until the full quota of plates is 
yeast. The mechanism is so constructed that the 
matrix is manipulated with the utmost gentleness 
and precision, and a large number of casts can 
be made from a single mould without injury 
to it. 

This, the latest of large inventions in the 

S rinting world* has supplied another link in the 
mg chain of machines by which the printing 
. prooess is carried through with scarcely the touch 
of a human hand, save in the direction of the 
medhajih dil powers. 


r \ ' 

The Science of Electrotypin^ The 

electro-room used to be the arcanum of mystery 
to f the ordinary printer. Here processes were 
carried on which he had no means of under- 
standing. To get even an inkling of the secret 
he had to pore over dry textbooks on electricity, 
galvanism, metallurgy, chemistry, and mechanics. 
Developments in two directions have changed all 
that. One is the growth of technical education; 
the ot her is the subst itut ion of the electric dynamo 
for the galvanic battery in the electro -room 
itself. To manage a galvanic battery properly 
a man required a clear know- 
ledge? of its principles and action, 
and this involved a smattering 
at least of chemistry and metal- 
lurgy as well as a grasp of galvanic 
theory. Even now the student 
would do well to study those 
sciences, if he desire to become 
master of the electro-room. As 
a groundwork he Should read 
studiously the articles in the 
Self-Educator on Metallurgy, 
Chemistry, Electricity, and Elec- 
trical Engineering, with special 
reference to acids in Chemistry, 
silver and copper in Metallurgy, 
and galvanic action and elec- 
trolysis in Electricity. In the electro-room of 
the present day the work is practical, and may 
be learned like any other trade. 

The Discovery of Electrotyping. 
About 1839 three men. Professor Jacobi, of St. 
Petersburg, C. J. Jordan, of London, arid Thomas 
Spencer, of Liverpool, appeared to claim credit 
for discovering that the deposit of a metal 
electrically corroded might by the same action 
ho deposited on a mould with electrical affinity. 
This meant the discovery of oleetrotyping. 



34. POWER STEREO-MATRIX MOULDING MACHINE 

The “ London Journal ” for April, 1840, ap- 
peared with an electrotype plate, and Savage’s 
Dictionary of Printing,” published the year 
following, gave several specimen plates produced 
by the process. 

The process of electrotypmg may be divided 
into six acts, (J) Moulding the forme 



33. BRUSH STEREO- MATRIX MOULDING 
MACHINE 

l While-head, Portions A Co.) 
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(2) trimming the mould ; (3) treatment of the 
mould in the trough: (4) releasing tho shell: 
(.*5) backing the shell ; ((>) finishing the plate. 

The £lectro*room. The furnishing 'of 
the electro-room differs very 
much from that of the foundry. 

The equipment is larger* for 
the process is double. Here we 
have all tho appliances and 
machinery for casting a plate 
and the apparatus required 
for forming the wax mould 
and depositing the electro 
besides. 

The forme is prepared in 
(he same way as for stereo- 
typing, but the locking-up 
apparatus is different. Wooden 
quoins and furniture should 
not he used in the electro- 
room, and cast-iron chases 
are unsuitable. Wrought -iron 
chases, ' heavy and strong, 
fitted with screws for locking 
up* are the best and simplest. 

When screwed up and cleaned, 
the forme is covered with 
blacklead brushed on to a 
high polish. 


experience how to adjust the pressure to his 
need. After being pressed the mould is removed 
from the type, and put into the hand of a 
skilled operator, who huiM* it up, cutting down 
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Wax is the main substance of the dertro- 
mould. Every linn has its own favourite com- 
position, but this mav be taken as a ftiir average' : 
20 lb. beeswax, 3 lb. Venice turpentine, S oz. 
blacklead. The melthuj-pot, heated by a gas-ring, 
sits in a flat iron plate. A water- jacket round the 
pot distributes the heat evenly — a considera- 
tion with such a substance as wax. Tin* wax is 
now poured into a moulding-case — a sheet of 
lead with a flange a quarter of an inch in height 
all round. Within a few seconds the wax has 
hardened, and the mould must now be pressed 



36. BLACKMSADINO MACHINE! 

(The rover has been removed) 

on to the forme. Many forms of press are used 
for this purpose. The essential qualities of a 
mould press are power and evenness of pressure. 
•Xo matter what form of press he uses, hydraulic 
or toggle, tho workman has to learn by practical 


excrescences, filling up defects, and rendering 
the mould solid and clear. 

The Blachleading Machine. The 
builder has done bis best , and now the mould goes 
on to the blackleadhuj machine |36|. Outwardly 
this machine looks like a large box set on legs. 
In the box wo lind a moving lattice-table, and 
across it a pair of long-haired brushes fixed by two 
arms to a driving shaft. The mould is laid face 
upward on the table and sprinkled with black- 
lead. Then the box is shut, the lattice table 
moves to anil fro, tho brushes rapidly vibrato 
on the face of the mould, and bring it to a high 
state of polish. A few finishing touches with a 
lamel-hair brush, and a mb up with the hand 
brush, make the mould ready for the plating 
trough. 

When a workman loves his work he is not 
content to follow mere routine practice, getting 
the job through anyhow ; he thinks out little 
improvements* and adds thorn to the process. 
( )ne eminent practitioner, for instance, has found 
that by coating the back and outer parts of tho 
mould with an insulating varnish, better results 
are obtained. Another has devised a method of 
using sulphate of copper in contact with iron 
filings, so as to produce a thin film of copper on 
the mould, before it goes into the trough, thus 
facilitating the forma* ion of the plate very 
considerably. 

The Bath. The tmin/h or bath [37] should 
he made of wood* 3 ft. deep. 4 ft. long, 2 ft. 
wide, lined with sheet, lead, or thick plate glass. 
Across the trough strong copper wires am fixed 
for holding the moulds, while at the side, within 
the trough, hang the copper plates called the 
anodes, literally the ways of the electric current, 
and practically the decomposing metal which is 
distributed on the mould. Water, strengthened 
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by sulphuric acid and sulphate of copper, fills 
the trough, Tho moulds are hung in the solu- 
tion by means of copper hooks linked on the 
rods. Now the electric* current is switched on 
from the dynamo, and the work of electroplating 
has started. With the old galvanic batteries 
the process took at least twelve hours for an 
ordinary plate, .but the current of the dynamo 
makes a thick plate in less than half the t ime. 

Making the Plate. The shell has formed 
a thickness of in., and is ready for removing 
from the bath. Taking the mould from the 
solution, the operator puts it under a stream of 
hot water, and frees the shell. After elose 
examination and mending of faults, if any. the 
shell is laid on the hacking pan. a shallow, 
oblong iron tray, with handles at both ends. 

No amalgam of lead 
will join on to copper, 
and the backing 
metal is composed 
of lead, antimony, 
and tin. How is the 
difficulty to be got. 
over? The electro- 
typer h a s already 
answered the ques- 
tion by finding in 
granulated tin a 
metal e o m b i n i n g 
readily with both 
metals. Having been 
spYinkled with enough 
tin to cover the shell 
with a thin film, the 
X^an is suspended 
over the square metal 
npdting-pot on hooks 
glared in a f r a ni e 
above, and slowly 
tel. down into the 
molten metal. As 
the pan comes within the heat of the pot the' 
tin melts, and spreads all over the inside of the 
shell. Then the pan it lifted on a level frame, 
and molten lead poured on to the required 
height. 

The finishing of an electro-] date requires more 
delicate handling than the dressing of a stereo- 
type plate, but the appliances and methods are 
practically identical. 

Superseding the Electrotype. As 

may be readily understood, the foregoing process, 
consuming six hours of time, hardly contented 
the publishers of illustrated journals. Up till 
1891, however, it seemed scarcely possible to do 
better. Common stereotype plat es could not be 
mi&le to reproduce tine illustrations, and the 
electrotype was the only apparent alternative. 
But in that year, Mr. Harvey Dalziel invented a 
process which completely changed the aspect of 
affairs, and gave into the hands of the printer a 
new and highly efficient method, capable of pro- 
ducing plates as swiftly as stereotyping, and as 
Umely as electrptyping. Dalziel ’s process was 
invented in 1891, Previous to this date all 


high-class illustrated productions had to be 
produced by the expensive and lengthy process 
of electrotyping, which, a sa general rule, took 
about six hours. 

The Dalziel Process. Dalziel’s invention 
consists of a. specially prepared plastic mixture 
(the ingredients of which arc his secret) spread 
on a sheet of prepared paper. Tins is impressed 
as a mould on the blocks or formes required to 
be reproduced. So perfect is this mould that it 
yields facsimile the iinest detail in the original 
half-tone or other blocks. The stereo-plate is 
mafic by running a specially prepared hard 
metal into the mould. These two operations 
take less than one hour, the result- licing equal to, 
if not better than, the finest possible electrotype. 
When a very large number of impressions is. 

required from Dalziel 
stereos, they are 
dipped in a nickel 
depositing bath for 
a further period of 
IT) to 20 minutes. 

The merits of the 
invent ion m ay be 
appreciated by the 
fact that many high- 
el a s s publications, 
such as the “World 
and His Wife,” are 
printed entirely from 
these stereos. 

Mounting Plates. 
Stereotype. electro- 
type, and all kinds 
of metal plates re- 
quire to l>e mounted 
on a bed of wood 
or metal to make 
them equal to ty pc 
in height. Various 
forms of blocks, or 
mounts, have been ingeniously devised. Type- 
founders and engravers who make a business 
of supplying illustrations to the trade usually 
mount, them on solid mahogany, professedly 
of type height, though sometimes the printer 
finds good reasons for questioning the validity 
of the profession. [See TvrKFOFNDrNo.] Wood 
is not so reliable as metal, the wetting and 
drying, heating and vibrations to which formes 
are subjected in the various processes tending 
to warp and split, even the best wood. Of late, 
metal mounts have come into almost universal 
use for stereotype and electro plates. Different 
patents are used, but the principle of them all is 
nearly the same. Metal block-man nts in two parts 
readily lock together, making up to different sizes, 
and clasping the four sides of the plate by narrow 
rims and brass catches. These blocks or mounts 
not only make mounting an easy matter of putting 
two pieces together ; they also facilitate the 
work of imposing successive formes. All thal 
the workman needs to do in such case is to 
unlock the forme, loosen the catches, lift* out the 
plates already printed, and put in the fresh plates 
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The Square Basket and its Manufacture. Ornamental Borders. Oval 
and Fruit Baskets. Workbaskets. Wicker Chairs and Crates. Toys 
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A S ft general rule, the framing of a square, basket 
is much stronger than the skeleton of a round 
one, though, of course, small square baskets may Is* 
built up on very line lines, like those shown m 5 and 
15. Suppose We elect to make a square basket IS in. 
by 12 ill., or thereabouts. As many square baskets 
are shallow, this one need not bo deeper than S in. 

The Bottom of the Square Basket. 

Selecting eight un watered sticks 21 in. long, and 
about A ill. in diameter, we straighten those of them 
which may be crooked with the commander |2, m, 
page 5489]. The two thickest are placed in the 
screw block [3|, about 111 in. apart., and lived in 
position. Next, the others are put into the grip of 
the block, the thinner ends alternating with the 
thicker, to balance. It is obvious that the difference 
between the diameters of all the sticks must ho 


A simple gauge may be made with a rod, bent at 
both ends to the si/e. Applying this at intervals 
to the bottom, as the work of Idling up proceeds, 
the basket-maker keeps Ins work straight. Having 
Tilled up to w j thin a short space ni the end, we apply 
another pair of rods in the same fashion as was done 
at the beginning. Some consider it enough to work 
a doubled rod over that end ; but for the sake of 
symmetry both ends should be made .dike. 

The Sides. When I he bottom has been firmly 
woven it. is taken out. of the block, and the pro- 
truding ends by which il was held cut away close 
to the wen \ mg. the remainder left being about 18 in. 
long. Next we select the stakes for the sides. For 
a basket this mzc we require eight for each end, and 
thirteen for front, and back, making in all 21 pairs of 
rods. The stakes for the ends aie cut at Ihe hack to a 


as slight, a.s possible; hut. a slight tapering is un- 
avoid,. hie. Having securely fixed the bottom sticks 
by their ends in the block, the next thing is to begin 
tilling up. 

'Tht 1 sticks standing up \crtieally in the screw' 
block, we take tw*o rods, fairly long and equal, and 
begin by n pair. Lay the first rod flat against the 
front of the second stick from the left hand side, 
the butt projecting a little over the third stick. 
While pressing the butt thinly against the second 
stick with the left thumb, 
bring the rod round be- 
hind tin* outside stick to 
l lie front, and then round 
behind the second stick, 

< rousing the butt, and 
round to the front of the 
third stick. The project- 
ing butt, can he fixed 
behind the third stick. 

Introducing the butt of 
the second rod behind 
the third stick, and 
beside the other butt, 
hung if round in front of 
the fourth stick. The first 
iod, if it, is to pair regu- 
larly, must come behind 
the fourth stick, and so 
we now have a pair of 5 . borderinu , 

rods working over each 

other. At the outside slick to the right hand the 
pair are twisted back to star! another row of weav- 


long point, and the point of each is thrust into the 
wca\ mg of the bottom, one beside ouch stick. Like 
tin* stakes of the round basket the side stakes aro 
given a slight cut on the inner sides, and turnedl 
sharply up close to the weaving. 

The stakes at front and hack are treated differently. 
It is necessary to drive the stakes through the 
outside bottom sticks. Make holes with the bodkin 
in the stick, at equal distances apart; sharpen the 
% onds of the si, ikes, and drive them Ihrough, taking 
care not to split the 
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slicks. 'This done, prick 
up each with the knife, on 
the side next the stick, 
and turn upwards. In 
order to keep tin* slakes 
from falling away at all 
angles, gather the top 
ends within an improvised 
hoop or holder. 

Why BasKet 9 are 
90 Strong. We wish to 
make tin* basket capable 
of hearing a good weight 
and standing some wear. 
We therefore form the 
bottom courses wdth unties 
of three rods. The basket, 
should be held firm on 
square BASKET the workboard by a 

bodkin or iron weight. 
Put the first rod in between the first and second 
stake to the right, and bring it round between the 


mg, and they are woven together across the breadth, 
making a sound base for this side of the bottom. 

Filling up the Bottom. The whole bottom 
'night be tilled up by a continuation of the pair ; 
I ut the common way is to till up with ra tiding, or 
tor coarse work, dewing. With a single rod tin* 
weaving is oon tinned to and fro across the sticks, till 
* ithin about an inch of the end. A precaution has 
here to be observed. The natural effect of the pulling 
force of the woven rods is to draw the sticks closer 
together; if that tendency were allowed to go on 
nncheoteedi we should find one end of the bottom 
^vcral inches narrower than the other. Practised 
workmen keep the structure in shape by the eye, 
Inat the beginner has not acquired that sense. 


second and third. Insert the second rod between 
the second and third stakes, nnd bring round 
between the third nnd fouith. Do the same with 
the third rod, passing it in between the third 
and fourth, and bnngm r it, back between the 
fourth and fifth. Now begin weaving. Carry the 
first rod across the second and third, bring it 
round behind the fifth stake, and out, to the, front 
again. Naturally, the other two rods pass 
round the successive stakes, the second round the 
sixth, and the third round the seventh. Each rod is 
taken in turn and passed behind the stake next to the 
one already passed. Once we have made a beginning 
with such a method of weaving, the rest is easy, 
because it is simple repetition. Having made the 
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breadth of upset we think necessary, the wale c an 
be finished off evenly, and the single stroke called 
ran ding adopted to fill up the greater part of the 
sides. 

Finishing and Strengthening Courses 
and Borders. Wo might elect to continue rand- 
sing nearly to the very top, and then work in a pair 
to finish off, relying on that and the border to keep 
ail tight. But another waling course is considered 
better for strengthening the head. A strong and 
ornamental course can bo made* with four rods 
worked one over and after the other, in (be manner 
already described. When well done the waling 
resembles a rope in appearance, and gives a firm 
backbone to the rest of the structure 4 . 

The simplest and most easily-learned border 
is that shown in our illustration of the square 
basket |5j. The stakes have not been cut off at the 
height of the weaving, but remain standing up .‘1 ft. 
or 4 ft. of bare rod. Holding the knife in the right 
hand, prick down each stake on the right side and 
bend over from left to right, so 
that it comes close down over the 
last round of weaving. Having bent 
down the* number of stakes required 
for a start— three, four, or five*, 
according to the width required 
for the border — pass them under 
and over each other in regular 
succession. In order to combine a 
stake with, say, five other stakes, 
its length must he proportionate, 
because they are all at equal dis- 
tances from one another. Com- 
pared with a three-stake border, 
the five-stake one must be nearly 
double the thickness, because nearly 
double the length of rod has been 
put round the same size of basket. 

There is, however, an obvious 
limit to Ibis method of bordering. 

(■lit off the projecting ends of the 
stakes with the picking-knife, ami 
Jay them aside for the foot, if such 
be needl'd. 

The Rope Border. Another 
favourite and simple border which U used in fancy 
work is known as the rope design. To begin this, bend 
No. 1 stake in front of No. 2 and behind No. 3. 

No. 2 stake in front of No. 3 and behind No. 4. 

No. 3 stake in front of No. 4 and behind No. 5. 

No. 4 stake in front of No. 5 and behind No. <». 

This gives us two pairs. Now take No. 2, the second 
of the first pair, and bring it up in front of No. 5 
and behind No. (>, and bend No. 5 over it. This leaves 
us with another two pairs. The upper one of the 
first remaining pair will be No. 4 ; bend this in front of 
No. fi and behind No. 7, bending No. (i over it. 
('ontinue right round, and a, rope border will be 
formed. But, note that the first four rods did not 
follow the rule ; in fact, they could not, having 
nothing to go upon. Now, however. No. -I has the 
last to work with and No. I the fourth last. Pulling 
them out, we combine them w ith the rest according 
to rule. All the points are sticking out to the front, 
and our next object must be to insert them securely 
into the weaving and form the whole border. Bring 
tho point of No. 1 over the point of No. 2, and insert 
it into the next opening made by the curving stake 
beyond. By so doing, wo double the curve and form 
the second strand of the rope. Perform the same 
operation with every point, and the result will give a 
fine rope border to the basket which we are making. 
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Plaited Borders. Some borders are made 
by plaiting four pairs of rods together in the simple 
manner known as tho foursome plait — that is, 
one pair of rods always crossing over two [18]. This 
makes a broad and rather pleasing border, capable 
of standing a considerable amount of tear and wear. 
The number of different strokes in sound bordering 
is not great, but practice enables a basket-maker 
to bring out- a large variety of patterns. 

The Foot. To make the foot, turn the basket 
bottom upwards, and insert the tops cut from tho 
stakes, after the border has been laid down along- 
side the stakes as if for another four sides. Weave 
two rounds of waling on tho foot-stakes ; then prick 
them down and border as lias been described in tin* 
finishing of a basket. It wholly depends upon the 
thickness of foot desired what number of stakes arc 
laid dow n. 

Handles. Tho position of the handles is some- 
times on the border, sometimes on the sides. In the 
former they are made up of rods twisted round each 
other and the border in a very simple 
way. Push the ends of two rods, at 
about a band’s breadth apart, in 
through file border and down' beside 
a stake each. Bend over the one 
from left to right, and pass it 
through under the border on the 
right side of the other rod. Wind 
the second rod three times round 
the bow thus formed, and pass it 
through under the border; then 
bring it back over the border, and 
lap it round the bow again ; repeat 
the action. Now bring the first rod 
into play, and lap it round the bow 
three times, performing flic circle 
thrice in similar fashion. When 
finished, tin 4 tops are secured, and 
the handle made tinn and complete. 
The side handle is made in similar 
fashion at any point on the sides or 
ends before the border is laid down. 
The basis of the cross handle is a 
hoop, worked over with rods on a 
rope pattern. The ends of the hoop 
are sharpened for driving into the weaving, each on 1 
beside a stake in the side of tho basket. Bent round 
inside the basket to the outside, the rods are wound 
spirally on the hoop, and at the other end twined 
through the structure of the basket. 

Lids. The lid of a large square basket, or ham- 
per, if Hat, is made in the same way as tho bottom, 
with the difference that the outside sticks are 
thicker in proport ion, and (ho size is a margin larger 
nil round. If a trunk lid is required, we proceed as 
though about to make a shallow square basket, to 
hold the other within it tightly. The top of the lid 
is treated as the bottom of the shallow basket, and 
the sides are staked, upsetted and bordered, just 
the same, the whole being mado to the depth ol 
tho trunk required. 

Iron Fittings. It is quite possible to raak< 
baskets of the strongest and most elaborate kind with 
nothing but willow' rods ; but a stronger way ol 
putting on the fittings is to call in the aid of iron 
The hinges of the lid, for example, may be, and ver> 
often are, made of osier staples linked together and 
deeply thrust into the weaving. A stouter method, 
however, is to use a set of iron Btaples and an iron 
rod for the hinges. Again, the fastenings of the lid 
of the hamper, which is employed in carrying man,' 
classes of valuables, may be made of willow staple 



6. rUTTINU IRONWORh ON 
SQUARE U ASK ET 


APPLIED BOTANY 


on lid and basket, secured by a padlock. But the 
better, safer, and more usual style of fastening is 
that shown in our illustration [6]. The hinged plates 
of brass are firmly stapled into the lid, and the 
tongue is brought over the staple fixed in the front of 
the basket. Tno fixing of these needs no direction. 

An interesting departure in the use of iron in 
baskets is that known as “ Parker’s patent.” The 
special feature of this device is the interweaving 
of a wrought -iron rod 
throughout the main parts 
of the basket, including 
the handles. For baskets 
employed in heavy work, 
such as coal transport or 
rubbish removal, the idea 
is very serviceable. 

Oval Baskets. In 
the main, the making ftf 
oval baskets, for carrying 
linen and ofher such goods, 
involves principles little 
different from those of 
the round basket ; but 
the bottom is constructed 
in a special way. To form 
a base for the bottom, 
wo require a dnth made up 
of sticks and rods woven 
alternately over and under 
each other. The number 
i nd thickness of the sticks 
is determined by the size 
and quality of the basket, 
but- four or eight tying 
rods are required according to the size or fine- 
ness of the basket. Working the rods in two equal 
divisions, the one division directed from right to 
left and the other from left to right, crossing 
and interweaving the rods with the sticks and each 
other, we lay a sound foundation for the bottom 
of the basket. After the structure has been given 
form, the bottom sticks are opened out and filled 
in by weaving, just similar 
to the round basket. 

Whether filled up by ra rid- 
ing or slowing, the bottom 
is generally edged off with 
a pair, to give stiffness to 
the grip on the stakes. 

One thing has to be 
rioted about the sides of 
this and other baskets, 
and that is the slant which 
may be given in regular 
measure all round. On a 
bottom 14 in. in diameter, 
we may spring to a rim 
22 in. or more or less in 
diameter. This involves a 
slant which must be care- 
fully observed at all points 
and measured occasionally. 

Fruit Basket with 
Lid. Flat, shallow bas- 
kets for holding fruit arc always sure to be in demand 
at the fruit season, and the basket-maker usually 
plans to fill up odd times in making them. To 
anyone .who hits acquired the ability to make an 
°rdinary oval or square basket, fruit baskets 
offer no difficulty. But sometimes the latter 
are made with lids which have some special charac- 
teristics; Let us attend to one of these for the 
short sp&ee necessary. Take a stake, mark 


off on it a little more than half the length of the 
basket, the brc;idtli of the basket, and the half 
again with a margin. Make notches at the 
two marks, and bend the ends at right, angles. 
This will form half a square to lie along the top 
rim of the basket ; if is half the outside frame of 
the lid. Cut the ends to a slant. Prepare the 
other half of the frame in the same way, and see 
that the ends arc cut so as to join neatly. 

Secure t he ends of the 
half you are going to work 
first with a looped rod to 
flic breadth of < lie lid, and 
then select, four or more 
fiaiHom rod. s’, according to 
the size, of lid required, 
and twine the ends on the 
bow at equal distances. 
'Shape two fairly thick 
sticks the length of the 
whole lid, and lay them 
ready. Now use a long 
weaving rod, lay the butt 
across the bow, with a bit 
to spare, and twine round 
the bow rod at the left 
side, bring this top over 
the iirst sea Horn rod and 
round behind the first 
stick. At the same time 
fetch the bull behind the 
scallom rod, and bind it 
tightly ove$ the first- 
stick. Weave the two 
ends alternately aefoss 
the whole framing, and continue with other weaving 
rods till the half is tilled. Work on the second 
half of the bow, and complete the lid. See that 
the jointings arc secure* between the two halves 
of the bow. Various kinds of fastenings arc 
adopted and the methods of hinging on the. lid 
arc also matters of choice. In any cast*, both 
fastenings and hinges are easily made. 

Double lid Bas- 
kets. The double - lid 
basket is a neat style of 
basket used for cen-'ing 
drugs, gla.ss, or othei small 
parcels of fragile* a/Uclos. 
No new principle is involved 
in the making of these 
baskets, though the work- 
manship required is finer. 
One thing must bo speci- 
ally noted — the framing 
is much heavier in propor- 
tion to the weaving than 
in ordinary baskets. In 
fact, the higher classes arc 
woven with skeins. The 
double - lid sometimes 
puzzles the beginner a 
liUlc, hut it is Jit tic moro 
than the two knives of the 
flat basket wrought and 
finished separately, without, of course, the strong 
sticks. Between the two lids a bridge is made 
across the basket, formed of rods neatly wound 
together with light osiers or skeins. 

Round Cane Baskets. Various pretty 
round baskets may be made of cane-pith. Being more 
flexible, and therefore cosier to work than , osier, 
cane-pith is utilised for every kind of small basket. 
A simple and very useful round basket is made 
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by crossing over two wets of canes, tying them 
together, weaving a round bottom* with in-and-out 
plaiting, turning all the canes up, and continuing 
weaving to the top of the size designed. As a rule, 
the head is simply finished off with a rope or t nil is 
border. For this purpose, the stakes, or radials, are 
left very long. We have looked at the rope border, let 
us glance now at the trellis. Turn down stake No. I 
behind stake No. 2, and thrust into the side of No. It. 
ltv this method, we form a series of hoops cm the 
top of tho basket, showing a very graceful border. 

Fancy Strokes* At the beginning, when- 
ever that was, the basket-maker taught the* wca\er : 
but. the. worker of yarns has far outmastered his 
teacher, and now lie can learn how to combine pat- 
terns from him. Ily \arving the' length of the 
crossings of the plaited yarns the ejothmaker 
brings out line* effects, and the b iskct-maUcr lias 


•Select other eight canes of a size or two thinne;. 
weave them across the frame, four one way and fout 
the other. Into each corner fix a small upright. 
With skeins weave double a solid web along the 
whole frame. Bend up the crossing canes to form the 
stakes of the sides, which may be of any nice pattern 
the maker may fancy, the main thing to keep in view 
being the stability of the basket. If the pattern 
is to be an elaborate one, additional stakes must be 
put in. Taking advantage of this, we might make 
a line trellis. Having thrust the added canes well 
into the bottom weaving, we bring them round on a 
level with the other stakes. First secure all with a 
double row of weaving; leave au open space, of 
about one-third the height, of the sides, and weave 
another double row. Willi the ends of the added 
stakes and tin* stakes of tho frames we have ample 
material for making a close design of trellis-work 



VARIOUS ARTICLES IN WICKER 

9. Sexagon fancy soiled linen basket of wicker and rush plait 10. Flower basket 11. Partition basket, for sauce 12. Fancy 
waste -paper basket sided up with straw plait, and rush plait 13. White dicker work table 14. Decant, inj; basket, for wine 
16. Buff picuio basket, 16. Bassinette, cross-tit died 17. Not ol Mower baskets 1 8. .Nest of dog baskets w ith plaited border * 


also learned the see re*. Using Hat stakes for the 
.sides of baskets pretty effects are produced bv 
making a square of alternate crossings surrounded 
by skeins passing two uprights at a time. Zig-zags, 
checks, stripes, and even figures are produced 
in this way. Stained canes, or osiers, give an even 
wider range to the artistic taste. 

Fancy Shapes. The rage for cheapness 
has spoiled somewhat the pleasure of the worker 
in the trade. Many of the fancy baskets which 
obtain a large scale are mere framings twisted, or 
what is most atrocious, nailed together, and woven 
An with fancy plait ings of straw. But the genuine 
article obtains a steady market if it. is also tasteful. 
A neat workbasket can be made of light canes 
on a wooden framing, and with handles coming 
from the four corners to the centre. But we prefer 
the same model formed wholly of cane. It is not 
so easily worked, but the results are better. Cut r. 
rod of cane- pith, measure into four equal parts, murk, 
notch with a picking knife at the corner points, bend 
«0 as to form a square, and bind tfic ends together. 


of any pattern which may be fancied. Cane-pith 
being so flexible may be twisted to any shape 
without injury, if the fibres be kept fiat. 

Varieties of Wicker- work. The basket - 
maker and wicker-worker put out a large and wide 
variety of articles |9-18|, ranging from the toy suite 
of furniture of the dolls -house to the comfortable 
wicker armchair {7|. from the baskets of Easter 
eggs delightful to the children to tho crates carry- 
ing the parcels of the Post Office, and the bodies 
of motor-cars (8J. After he has learned the 
mysteries of randing, slewing, (itching, eross- 
fi telling (16J, staking, upsetting, and waling, the 
young basket-maker is on the way to a mastery of 
his t nulls w'hich practice alone can give. 

The photographs which illustrate these articles have 
been taken in the works of Messrs. G. VV. Scott & 
Sons. 

Figure 4 is from an engraving of a waste- pa per 
basket made by Mr. Thomas Okey for tho Society 
of Arts to exemplify the chief strokes used by the 
basket-maker. 


■' * " Basket making concluded: followed by Cane and Bamboo Work 
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THE DRUMS 

By Paul Corder 

THIS group of instruments, dthough of eom- 
* paratively small importance musically, is 
one which, of recent years, has filled an important 
place in orchestral music. With the exception 
of the kettle-drum, none of these; instruments 
can be said to produce a sound of definite 
pitch, their use being almost entirely re- 
stricted to accentuating the rhythm. The re- 
percussion instruments most frequently met 
with in modern scores are these: kettle- 
drums, side-drum, bass drum, cymbals, 
triangle. These will be taken in the order 
mentioned above, and instructions given 
to enable the student to master their pecu- 
liarities. [Other instiuments belonging to 
this group follow.] * 

The Kettle=drums. The kettle- 
drums, known in France as timballw s\ iri A > 
Italy as timfxuii , and in Germany as /I V. 
jam ken , are the most, important of the per- \\*)| 
percussion instruments, and consist of a \ c 
hemispherical copper body, with a cover 
made of calf-skin vellum. The vellum is ^ 
secured to a ring which tils over the body 
of the instrument, and, by means of screws \ /y ' 
placed at equal intervals round the eireum- HOVN 
ference, the vellum head may be more or H()I 
less strained, thus producing notes of vary- vllvx 
ing pitch. The body is supported, usually, 
by three sliding iron legs, the length of which 
nmy be altered and fixed witli a tJH-serow to 
regulate the height of the inst rument. 

Two kettle-drums are usually employed in 
the orchestra, the larger having a compass of: 

ifpii it mm 

so that the extreme notes available should lie 
within tho octavo, although these limits have 
been occasionally exceeded by a semitone in both 
directions. The larger instrument is sometimes 
called the F, and the smaller the B^ drum, from 
the lowest note given by each. 

The sticks used in playing the kettle-drums 
ire generally made of some light, wood : cherry 
or white beech are frequently used. They are 
14 in. in length, with a diameter of , ?l ri in. to J in., 
the head consisting, usually, of a disc of rubber, 
cloth, or piano-felt, having a diameter of 1.1 in. to 
- in. The stick should be provided with a 
miall knob or other device at the extreme end, 
to prevent its slipping from the player’s hand. 

Tuning the Drums, Tho first and greatest 
difficulty to the student will be to acquire the 
irt of tuning the drums to any notes required. 
The instruments should be placed side by side in 


HOW TO 
HOLD A 
DRUMSTICK 


front of the player, the small drum to flic left, the 
larger to the right. In some orchestras this 
position is reversed, hut the arrangement given 
is the more usual. In this country it seems to 
be the general custom for the drum-heads to he 
horizontal, but. the method on the Continent, of 
tilting them towards oqe another has a decided 
advantage in crossing from one instrument to 
the other. It will he noticed that each of 
J the screws to be used in tuning terminates 
in a brass T-shaped handle, with the excep- 
tion of the one on each drum that is nearest 
the player. These two handles, which 
would lx* in the way when playing the 
drum, are omitted, the two screws being 
turned by a separate key provided for the. 
purpose. 

It must he borne in mind that by turn- 
ing the; serows in a direction similar to that 
N taken by the. hands of a clock the head is 
\ tightened, and, in consequence, the pitch 
of the drum is raised. Conversely, by 
turning the screws in an 11 anti-clockwise ” 
direction the pitch of the note is lowered. 

V> Now, starting with the head of the. larger 
drum quite slack, tighten all the screws 
successively, until each is felt, to “ bite” 
TO the thread of its nut ; then, from this point, 
y give each screw, say, half a turn, always 
TICK including the one worked by the separate 
key, and omitting none. Strike* the head 
light ly with the stick or the fingers, and, if neces- 
sary, on all the screws a little more until 


the note 


is sounded. The drum 


must be struck m ar the rim, and never in the 
middle, when* the tone is harsh and indistinct. 
Try whether it is in tune all round the edge, as, 
owing to the unequal thickness of the vellum, 
the intonation frequently varies. Such inequali- 
ties must ho corrected by tho screws nearest 
the faulty spots. The smaller drum may now 


lie tuned similarly to 


l T nt il the student has h id some little experience 
in tuning, the notes required may he sounded on 
a piano or other instrument, for his guidance. 
But later he should he able to dispense with such 
help. The sound of the A given by the orchestra 
when tuning may l>e of assistance in determining 
the pitch at first, but having tuned, as described, 
to F and B?, any other notes can be found 
from these. For example, tune tho B !? drum 
up to C, tightening all the screws as before, and 
comparing the note with the F of the larger v 
drum, until the interval of the perfect , fifth 
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(F to C) is recognised. It is advisable in testing 
the note to use a light flick of the Anger in pre- 
ference to the drumstick, as the note is more 
clearly heard ; moreover, there is less disturbance 
if the tuning takes place during the progress 
of a musical performance. If the drum has been 
tuned too sharp, it may be somewhat flattened 
by the pressure of the hand in the centre of the 
vellum. This change of tuning would be indi- 
cated in the band part bv the words “ Muta B h 

in C.” 

The student should practise* tuning to various 
notes until perfect facility is obtained, even while 
the orchestra is playing in a totally extraneous 
key. 

Many mechanical devices have* been invented 
to abolish this tedious system of tuning, but they 
are so seldom seen in this country that it is not 
thought necessary to describe them. 

The correct position for holding the stick inav 
now be considered. It is the same for both 
hands. The stick is gripped between the thumb 
and the side of the second joint of the forelinger, 
which form, as it were, a pivot on which the 
stick can swing. The middle linger, which is 
below the forefinger, should touch the stick near 
its extreme end, and, in conjunction with the ball 
of the thumb, should oont ml it* movement. The 
other two fingers should not touch the stick at 
all. The illustration on the preceding page will 
make this position clear. 

The Roll on the Drum. In playing a 
roll— one of the most frequent and useful effects 
of the drum- the middle finger gives a flick to 
the end of the stick, causing the head to strike 
the drum, and as fast as it can be made to 
rebound off the drum-head this is repeated, the 
two hands performing this action so that the 
strokes alternate with one another, and ace not 
simultaneous. For a pianissimo roll, this finger 
movement alone will be sufficient, but when more 
torn; is required it must be supplemented by a 
loose movement of the wrist; the forearm should 
be used as little as possible, and the upper-arm 
not at all. The student, if unable to obtain 
access 1o the drums, may readily practise the 
roll with a pair of timpani sticks on the seat of 
an ordinary cane chair, and should not find much 
difficulty in acquiring the necessary skill. The 
roll is indicated in the music by one or other of 
the following signs, the meaning in each ease 
'being identical : 



1 Caro must be taken in playing single notes to 
let the stick bounce off the vellum as soon as the 
note is struck, as otherwise the tone will l>e 
destroyed ; at the same time, the drum must not 
be permitted to sound for longer than the value 
of the written note, but must be muffled with 
the finger-tips or the hand. 

As a general rule, the drum on the right hand 
is played by the right hand, and that on the left 
by the left hand ; but exceptions to this are 
numerous. {Several notes in quick succession on 


tone drum would be played with the two hands 
alternately, and in certain cases the hands require 



L. R. L. It. L. R. L. R. 
Instances of this cross beat arc numerous. 

In former times, when it was customary to give 
the kettle-drums only the tonic and dominant of 
the key to play — i.e., the first mid fifth, the notes 
were always written as C and G, whatever the 
sounds to be produced, the actual notes being 
indicated at the beginning of the movement ; 
thus 

Timpani in Kl7. B?. 


•h 


m 

would be played 
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This custom has now been abolished since tuning 
other than the tonic and dominant has been 
required. 

Frequently three or even four drums are 
employed in the orchestra, and even if not 
actually required together, the use of a third 
obviates the necessity for so many changes of 
tuning. 

In playing in an orchestra the student will 
have to accustom himself to the counting of 
many bars’ rest. This is not among the least of 
his difficulties, especially if it is necessary to 
alter the tuning of the drums in the meantime. 
Nothing but practice can give facility in this 
matter, practice until the process of counting 
becomes almost automatic. It is of great assist- 
ance in finding one’s way during a long rest if 
the band part is supplied with cues giving a 
prominent phrase of another instrument ; also, 
pauses and changes of time should be noted, as 
these form landmarks, as it were, which enable 
the student to kt»ep his place in the music. Tin* 
foregoing remarks apply equally to the other 
percussion instruments now about to be 
considered. 


The Side=drum. The side, or military 
drum consists of a wooden or metal cylinder 
with a vellum head at each end, tightened some 
times by means of screws, sometimes by cords 
and leather braces. In the orchestra it is 
fixed in front of the player in an upright or some- 
what Inclined position, the top head alone 
being struck. The lower head has severs 1 
catgut cords stretched across it, called snare*. 
which rattle against the skin and give the drum 
its peculiar, characteristic rasping tone. 

The sticks are of hardwood, and are held in this 
way. The right hand grasps the stick near the 
end with all the fingers clasped round it, so tha< 
the knob shall strike the drum in the middle' ^ 
the left hand is held with the palm turned 
towards the player, the stick clasped near th< 
end by the thumb and forefinger, and then 
passing between the middle and third fingers. 
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To play a roll on the side-drum is by no means 
easy, and will require considerable practice to 
enable the student to master it. It differs from 
the roll on the kettle-drums in that two notes 
are struck with the left hand and two with the 
right, alternately. In making a crescendo 
during a roll, begin pianissimo near the hoop 
and advance nearer the middle as the tone 
increases, reversing the process for a diminu- 
endo. The same methods of indicating a roll 
are used as described for the kettle-drum. 

It is sometimes required in funeral marches and 
pieces of similar character to muffle the drum ; 
this is accomplished by inserting a piece of cloth 
between the snares and the vellum, wh ich prevent s 
their vibrating ; or a still more muffled effect is 
produced by enclosing the whole drum in a bag 
and playing through the cloth. The Italian 
word coperti is used to indicate muffling. 

Music for the side drum is generally written 
in the treble clef ; the exact note used is quite 
immaterial, as the drum should lx> of indefinite 
pitch. 

The Bass Drum. The usual form of this 
instrument, that of a short cylinder of large 
diameter with vellum heads, will bo familiar 
to everybody, and although there is a variety 
frequently met with ill orchestras which 
resembles a big tambourine, only one side lining 
covered will) skin, , the manner of playing is 
the same in either case. The drum is mounted 
on a stand or suspended from a frame, and 
except in military bands one side only is used. 
(h*nerally only one stick is employed, the head 
terminating in a large knob covered with wash- 
leather, or sometimes made entirely of piano-frit. 
A smaller knob is not infrequently furnished at 
the opposite end of the stick, and in playing a 
roll the stick is held in the middle, and by a rotary 
movement of the arm each knob is made 4 to strike 
the drum-head alternately. Another (and in 
many cases preferable) method of playing a roll is 
by means of a pair of timpani sticks held in the 
manner dcscrilied for the kettle-drums, the only 
difficulty being that tlio drum-head is vertical 
instead of horizontal, as with the timpani. 


done with a sweeping movement of the cymbals 
past one another in order to obtain the best 
possible tone. Begin the stroke with the right 
hand somewhat higher than the left, and finish 
it with the left hand above the right (or vice 
versa). Pract iso th is st roke with varying st rengt h 
from pianissimo to fortissimo. 

Very frequently the bass drum and cymbal 
parts arc written together, one player being 
supposed to manage the two instruments. In 
this ease one cymbal is bolted firmly to the drum, 
the player wielding the" other with his left hand, 
while the right is occupied with the (hum-stick. 
This practice has many objections, and wlierever 
possible the cymbals should be played by a 
separate player. 

In playing a roll on the cymbals, unless other- 
wise indicated, the two cymbals are held 
close to one another, and the. right hand made 
to rook quickly backwards and forwards so 
that alternate sides of the right-hand cymbal 
strike that in tin* left hand, which is held sta- 
tionary. It is not easy to obtain much tone by 
this method, and a roll is frequently indicated 
to be played “ with drumsticks.” In this ease 
one cymbal should be suspended by its leather 
handle, and a roll executed on it near the rim 
with a pair of timpani sticks, in the manner 
described for the kettle-drum. The tom* thus 
produced is peculiarly penetrating and sinister. 
Single strokes with a drumstick are sometimes 
required, for which purpose the bass-drum stick 
is to lx* preferred. 

THE TRIANGLE 

Tin triangle consists of a rod of ste 1 bent to 
the shape of an equilateral triangle, the ends of 
which, however, do not meet. It is suspended 
from one of its angles, and is struck with a steel 
rod, producing a clear, penetrating note of 
indefinite pitch. Its employment in the orchestra 
is veiy limited, as it lias scarcely any range of 
tone. * Its chief use is to mark the rhythm in 
dance music. The only instance the writer can 
recall of tin use of the triangle as a solo instru- 
ment is in this passage from Liszt’s Piano 


In playing single notes the stick should be Concerto: 


held loosely near the end, and 
should not move at right angles 
to the drum-head, but should 
rather sweep past it, striking the 
blow in passing. When a short 
note is indicated the vibration of 


All egreUo 

Triangle String 





psjijg 

Triangle 


the vellum must be stopped w ith 
the hand. 

Music for the bass drum is 




written in the bass clef ; the actual 

note used is, of course, quite immaterial, as the 

sound produced should bo of indefinite pitch. 

THE CYMBALS 

The cymbals consist of circular plates of hard 
brass, which are held, one in each hand, by 
leather thongs fastened through a hole in the 
*t>entre of each. 

There are several effects to be obtained from 
this instrument, the most usual being the 
striking of the two together. This should be. 


The triangle notes, although written as 0, do 
not, of course, sound so. 

A shake or roll is sometimes required, and is 
played by rattling the striker across an angle 
of the instrument, it l>eing necessary to guard 
against the tendency of the triangle to revolve 
meanwhile if, as is usual, it is suspended by a 
piece of string or gut. 

Triangles are made of various sizes, but largo 
ones are unsuitable to the concert-room. The 
smaller the instrument the shriller its note. 
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CELESTA & GLOCKENSPIEL 

By Paul Corder 

Those two instruments, although dissimilar 
in many respects, are taken together on Recount 
of the subordinate position they occupy among 
musical instiuments. Although they have a 
tolerably extensive compass, their use at the 
piesent time is solely confined to a few orches- 
tral compositions, no solos having been written 
for either instrument by any composer of note. 
Nor is it difficult to Understand why this is so ; 
although the tone of the celesta is quite the 
most pure and beautiful of any instrument, yet it 
lacks variety and means of expression. Fortissimo 


The Very limited powers of tone variation 
possessed by the celesta have already been 
mentioned, and although, with care, a good 
piano can he obtained, anything like a forte, is out 
of the question. Moreover, in some, instruments, 
if not in all, an appreciable amount of force is 
necessary to inalo* the note “speak” at all ; an 
exceedingly light “ weight touch ” such as would 
produce a perfect pianissimo on the pianoforte 
seems insufficient to actuate the mechanism of 
the celesta, and may result in no sound at all. 
For Ibis reason evenness in arpeggios should In* 
carefully practised as softly as possible. Tin* 
following passage from the “ (’asse-NoiscHe 



and pianissimo have, for the celesta hardly any 
meaning, and the clear, bell-like tone becomes 
monotonously irritating to the ear after a short, 
time. Nevertheless, in its proper place in tlu* 
orchestra the celesta is unequalled, and one need 
only refer to the third movement of Tschaikow- 
ski’s charming “ Casse Noisette Suite ” to call 
to mind the delicious effect of one of these 
instruments used with dm* discretion. 

The Celesta. Tin* celesta, as made hv 
M. Mustel et Fils, of Paris, has the appearance 
of a small pianoforte, being provided with a. 
keyboard similar to that instrument, but of Je.'.s 
compass. The interior mechanism consists of a 
series of metal slabs with resonators, which are 
struck by hammers act anted by t he keys. It will 
he assumed t hat the student who is desirous of 
playing this instrument knows something of the 
pianoforte jse * Pianoforte, page 1*2I0|, in which 
ease we need only point out in what respects the 
celesta differs from the superior instrument. 

Its compass is generally con- 
sidered to be as shown below, . ■) 
with all the intermediate semi- A. j 
tones, hut the makers have lately ' -j j 
been extending this, and have 
centlv produced instruments having several notes 
below middle C. Hill 
these low notes seem to 
l>e very poor in quality 
and weak in intonation : 
certainly the higher part, 
of the instrument is the 
more effective. 

In order to avoid a 
multitude of ledger lines, composers sometimes 
write an octave lower than the part is to sound ; 
but this custom is by no means uniform, and the 
executant will often have fo use his discretion in 
deciding what are the composer’s intentions. 
JWWR • 



Suite,” already referred to, will make a capital 
study. 

The Glockenspiel. The glockenspiel, or 
carillon, is an instrument of very different 
appearance, all hough il is more akin to tlu* celesta 
than might ho supposed at lirst sight. It consists, 
essentially, of a series of steel bars, which arc 
struck with a light wooden hammer; but, unlike 
the celesta, these are struck by hand, the steel 
bars being suspended in a frame. In England 
this is generally a brass “ Ivre ” shaped head 
supported on a stand; strings are stretched 
horizontally across this, on which the steel note.', 
an* lmng, one above the other. Then* is anothci 
variety of tin’s instrument, in which the steel 
bars are laid horizontally in a frame, blit this n 
not often met with. ** 

Usually, only as many notes as arc* wanted at 
the time* are brought into use, extra notes being 
hung up as required. The complete compass is 
about two and a half octaves : 




a naif octaves : ^ -m 

,r'rrfJ Hi 


including all the intermediate semitones. The 
actual sounds produced arc an octave higher than 
given, and are sometimes written so by com- 
posers. As these notes are sold separately, the 
student should test them before buying, for they 
vary considerably in purity of tone. 

The tone of this instrument is much brighter 
and more penetrating than that of the celesta, and 
very quickly wearies the listener. Its range of 
tone is likewise exceedingly limited, but in tin- 
ease it is uniformly loud, a pianissimo being ou^ 
impossibility ; or, more strictly speaking, its tone* 
is so penetrating as to predominate invariabh 
over all other instruments. 







MUSIC 


A difficulty to one not accustomed to these 
instruments is to remember that the notes in use 
do not necessarily represent consecutive degrees 
of the scale, nor are they always of the same set, 
hut vary according to circumstances. However, 
each is clearly marked with its name, and by 
keeping the highest at the top of the frame, 
descending according to pitch, there is no 
occasion for any confusion. 

The manner of hitting the notes is quite simple ; 
a smart tap with the hammer, which must be 
allowed to rebound instantly, is all that is 
required, but it may be advisable to stop the 
notes from vibrating too long by means of the 
fingers of the other hand. Sometimes two 
hammers are used, one in either hand, and 
certainly the second one is a great help in 
executing rapid passages. 

The part written for the glockenspiel by 
.Mozart in the “ Magic Flute,” beginning 
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n impossible on the instrument just described, 
and is intended to be played on a glockenspiel 
tarnished with a keyboard. With a little altera* 

? m mi tli" passage could be played on the celesta, 
tin which instrument, had Mozart* lived a. 
"•nturv later, ho would most certainly have 
v\ lit ton it. fn I riuidels oratorio “Saul” there 
i- a somewhat similar passage, which is written 
a*, though for a transposing instrument in (1 — 
i hat is, a fourth lower than it is meant to sound. 

! Knr a more detailed explanation of transposing 
'instruments see the IIokn. | 

In conclusion, half an hour’s pi’actice at any 
'•I these instruments will do more for the ini el I i - 
Li nt student than pages of written description. 
THE SERAPHINE 
In an orchestra or in a church, in conjunction 
with the organ, the seraplnne 
icpr«‘sents in tone the effect 
"I a carillon. Whereas, in the 
glockenspiel, small steel bars 
• c substituted for bells, in 
die* seraplnne -used in certain 
modern orchestras— thin steel 
rends, beautifully voiced, acted 
upon by coiled springs, are 
connected with a keyboard. 

Rapid articulation is thus 
facilitated. Moreover, the tone 
h increased or diminished in 
bine by wind pressure, the 
het of the player working a 
pair of small bellows as in a 
harmonium. Although tlie nota- 
tion to be played may appear simple, so pene- 
I mating is the tone of the instrument that the 
slightest mistake is very noticeable. A performer 
v a 2 6 


quality, the 
well. As the 


tone 

price 
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entrusted with such a part must, therefore, be 
either a pianist or an organist. For detailed 
exercises, appropriate to seraplnne playing, tin? 
student is referred to studies written for the 
organ or piano- 
forte. 

DULCITONE 

Inst ead o f 
steel rods, this 
ingenious instru- 
ment e o n t a i n s 
rows of tuning 
forks struck bv 
felt-covered hum- 
mers, damped by 
felted levers. After the instrument * once leases 
the maker, no tuning is therefore required. The 
compass is from three and a. half to live 

octaves, and the weight- is from 25 lb. The 

dulcitouc has been 
used with marked 
cess as a substi- 
e in the orchestra 
distant bells, or 
m conjunction with 
the church organ for 
echo effects. In ballet, 
music, also, it has 
been heard with 
a d v a n t a g e . I n 
pure, sweet, and eanies 
moderate and the instru- 
ment takes up bio small space, it serves as an 
excellent substitute* in house boats, yachts, and 
elsewhere if room is a consideration. 
CASTANETS Ct TAMBOURINES 
Tn the modern ballet orchestra, inelispensablo 
features of gipsy, Spanish, or Neapolitan dance* 
music are* parts for these pereussiem instruments. 
When, in so-called progi amine* music, the* com- 
poser endeavours to portray unusually realistic 
effects, the* side-drummer has to be provided 
with a number of strange* contrivances, it is to 
him that the* manipulation of such ae*evssori<*s 
is allotted, especially in open-air 
band pe*rformances. In pieces 
descriptive of a hunt, etc., lie* 
needs a pair e if woode*n clappers 
to imitate the sounds of a 

whip. Ihe* orchestral whip costs 
about (is. 

Haydn. Romberg. Mendelssohn, 
and other masters in the*ir bur- 
lesque or .toy symphonies, mak** 
use, further, e>f the* sounds of 
\arioiis bird-calls and tin* pop- 
gun. The latter, in de»sewipti\e 
military band arrangement 
occasionally necessitates the* side- 
druiiimer being pro v ultxl with a 
band pop-gun. This eeists abdut 
(is., and its noise is sometimes 
effective. 

Tambourines. The chief e>f 
the side-drummer's accessories -are the tambourine 
and castanets. For military bands, the tambourine* 
is 15 in. in diameter, and eeists about 18s. The 
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To play a roll on the side-drum is by no means 
easy, and will require considerable practice to 
enable the student to master it. It differs from 
the roll on the kettle-drums in that two notes 
ure struck with the left hand and two with the 
light, alternately. In making a crescendo 
during a roll, begin pianissimo near the hoop 
and advance nearer the middle as the tone 
increases, reversing the process for a diminu- 
endo. The same methods of indicating a roll 
are used as described for the kettle-drum. 

It is sometimes required in funeral marches and 
pieces of similar character to muffle tho drum ; 
this is accomplished by inserting a piece of cloth 
between the snares and the vellum, which prevents 
their vibrating ; or a still more muffled effect is 
produced by enclosing the whole drum in a bag 
and playing through the cloth. The Italian 
wor dcoperti is used to indicate muffling. 

Music for the side drum is generally written 
in the treble clef ; the exact note used is quite 
immaterial, as the drum should le of indefinite 
pitch. 

The Bass Drum. 'Hie usual form of this 
instrument, that of a short cylinder of large 
diameter witli vellum heads, will bo familiar 
to everybody, and although there is a variety 
frequently met with in orchestras which 
resembles a big tambourine, only one side Inung 
covered with skin, . the manner of playing is 
the same in either case. The drum is mounted 
on a stand or suspended from a frame, and 
except in military bands one side only is used. 
(Generally only one stick is employed, the head 
terminating in a large knob covered with wash- 
leather, or sometimes made entirely of piano-felt. 
A smaller knob is not infrequently furnished at 
the opposite end of the stick, and in playing a 
roll the stick is held in the middle, and by a rotary 
movement of the arm each knob is made 1 to strike 
t lie drum-head alternately. Another (and in 
many eases preferable! ) method of playing a roll is 
by means of a pair of timpani sticks held in the 
manner described for the kettle-drums, the only 
difficulty being that tlio drum-head is vertical 
instead of horizontal, as with the timpani. 

In playing single notes the stick should be 
held loosely near tho end, and 
should not move at right angles 
to the drum-head, but should 
rather sweep past it, striking the 
blow in passing. When a short 
note is indicated tho vibration of 
the vellum must bo stopped w itli 
the hand. 

Music for the bass drum is 
written in the bass clef ; the actual 
note used is, of course*, quite immaterial, as the 
sound produced should be of indefinite pitch. 

THE CYMBALS 

The cymbals consist of circular plates of hard 
brass, which are held, one in each hand, by 
leather thongs fastened through a hole in the 
"Centre of each. 

There are several effects to be obtained from 
this instrument, the most usual being the 
striking of the two together. This should be. 


done with a sweeping movement of tho cymbals 
past, one another in order to obtain the best 
possible tone. Begin the stroke with the right 
hand somewhat higher than the left, and finish 
it with the left hand above the right (or vice 
versa). Pract iso this stroke with varying wt rongth 
from pianimmo to fortissimo. 

Very frequently the bass drum and cymbal 
parts arc written together, one player being 
supposed to manage the two instruments. In 
this case one cymbal is bolted firmly to the drum, 
the player wielding the* other with his left hand, 
while the right is occupied with the (hum-stick. 
This practice has many objections, and wlwrever 
possible the cymbals should be played by a 
separate player. 

In playing a roll on the cymbals, unless other- 
wise indicated, the two cymbals arc held 
close to one another, and the. right hand made 
to rook quickly backwards and forwards so 
that alternate sides of the l ight-hand cymbal 
strike that in tin* left hand, which is held sta- 
tionary. It is not easy to obtain much tone by 
this method, and a roll is frequently indicated 
to be played “ with drumsticks''’ In this case 
one cymbal should be suspended by its leather 
handle, and a roll executed on it near the rim 
with a pair of timpani sticks, in the manner 
described for the kettle-drum. The tom* thus 
produced is peculiarly penetrating and sinister. 
Single strokes with a drumstick are sometimes 
required, for which purpose the bass-drum stick 
is to Is* preferred. 

THE TRIANGLE 

Tho triangle consists of a rod of steel bent to 
the shape of an equilateral triangle, the ends of 
which, however, do not meet. It is suspended 
from one of its angles, and is struck with a steel 
rod, producing a clear, penetrating note of 
indefinite pitch. Its employment in the orchestra 
is vciy limited, as it has scarcely any range of 
tone. Its chief use is to mark the rhythm in 
dance music. The only instance the writer can 
recall of the use of the triangle as a solo instru- 
ment is in this passage from Liszt’s Piano 
Concerto : 


The triangle notes, although written as 0, do 
not, of course, sound so. 

A shake or roll is sometimes required, and is 
played by rattling the striker across an anglo 
of tho instrument, it l>eing necessary to guard 
against the tendency of the triangle to revolve 
meanwhile if, as is usual, it is suspended by a 
piece of string or gut. 

Triangles are made of various sizes, but largo 
ones are unsuitable to the concert-room. The 
smaller the instrument the shriller its note. 
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To play a roll on the side -drum is by no means 
easy, and will require considerable practice to 
enable the student to master it. It. cl i tiers from 
the roll on the kettle-drums in that two notes 
are struck with the left liand and two with the 
light, alternately. In making a crescendo 
during a roll, begin piemixsi rru? near the hoop 
and advance nearer the middle as the tone 
increases, reversing tlio process for a <1 i minii- 
ertdo. The same methods of indicating a roll 
are used as described for the kett lo-driuii. 

Xt is sometimes required in funeral marches and 
pieces of similar character to muffle the drum ; 
this is accomplished by inserting a piece of cloth 
bet ween the snares and the vellum, wli ich prevent s 
their vibrating ; or a still more muffled effect is 
produced by enclosing the whole drum in a bag 
and playing through the doth. The Italian 
word roperti is used to indicate muffling. 

Music for tlio side drum is gene rally written 
in the treble clef ; the exact note usod is <juite 
immaterial, as the drum should 1 m> of indefinite 
pitch. 

The Bass Drum. The usual form of this 
instrument, that of a short cylinder of large 
diameter with vellum heads, will bo familiar 
to everybody, and although there is a variety 
frequently met with in orchestras which 
resembles a big tambourine, only one side lieing 
covered with skin, , the manner of playing is 
the same in either case. The drum is mounted 
on a stand or suspended from a frame, and 
except in military bands one side only is used. 
(k‘nerally only one stick is employed, the head 
terminating in a large knob covered with wash- 
leather, or sometimes made entirely of piano-frit. 
A smaller knob is not infrequently furnished at 
the opposite end of the stick, and in playing a 
roll the stick is held in the middle, and by a rotary 
movement of the arm each knob is made to strike 
the drum-head alternately. Another (and in 
many eases preferable) method of inlaying a roll is 
by means of a pair of timpani sticks held in the 
manner described, for the kettle-drums, the only 
difficulty being that the drum-head is vertical 
instead of horizontal, as with the timpani. 

In playing single notes the stick should be 
held loosely near* tlio end, and 
should not move at right angles 
lo the drum-head, but- should 
father sweep .past it, striking the 
blow in passing. When a short 
note, is indicated the vibration of 
the vellum must bo stopped w ith 
t he hand. 

Music for the bass drum is 

written in the bass clef ; the actual 

note used is, of course, quite immaterial, as the 
sound produced should bo of indefinite pitch. 

THE CYMBALS 

The cymbalfl consist of circular plates of hard 
brass, which ore held, one in each hand, by 
leather thongs fastened through a hole in the 
"centre of eum. 

There ore -several effects to be obtained from 
this instrument, the most usual being the 
striking of the two together. This should be. 



CELESTA & GLOCKENSPIEL 

By Paul Corder 

Those two instruments, although dissimilar 
in many respects, are taken together on Recount 
of the subordinate position they occupy among 
musical instiuments. Although they have a 
tolerably extensive compass, their use at the 
piesent time is solely confined to a few orches- 
tral compositions, no solos having been written 
for either instrument by any composer of note. 
Nor is it difficult to Understand why this is so ; 
although the tone of the celesta is quite the 
most pure and beautiful of any instrument, yet it 
lacks variety and means of expression. Fortissimo 


The Very limited powers of tone variation 
possessed by the celesta have already been 
mentioned, and although, with care, a good 
piano can he obtained, anything like a forte, is out 
of the question. Moreover, in some, instruments, 
if not in all, an appreciable amount of force is 
necessary to inalo* the note “speak” at all ; an 
exceedingly light “ weight touch ” such as would 
produce a perfect pianissimo on the pianoforte 
seems insufficient to actuate the mechanism of 
the celesta, and may result in no sound at all. 
For Ibis reason evenness in arpeggios should In* 
carefully practised as softly as possible. Tin* 
following passage from the “ (’asse-NoiscHe 



and pianissimo have, for the celesta hardly any 
meaning, and the clear, bell-like tone becomes 
monotonously irritating to the ear after a short, 
time. Nevertheless, in its proper place in tlu* 
orchestra the celesta is unequalled, and one need 
only refer to the third movement of Tschaikow- 
ski’s charming “ Casse Noisette Suite ” to call 
to mind the delicious effect of one of these 
instruments used with dm* discretion. 

The Celesta. Tin* celesta, as made hv 
M. Mustel et Fils, of Paris, has the appearance 
of a small pianoforte, being provided with a. 
keyboard similar to that instrument, but of Je.'.s 
compass. The interior mechanism consists of a 
series of metal slabs with resonators, which are 
struck by hammers act anted by t he keys. It will 
he assumed t hat the student who is desirous of 
playing this instrument knows something of the 
pianoforte jse * Pianoforte, page 1*2I0|, in which 
ease we need only point out in what respects the 
celesta differs from the superior instrument. 

Its compass is generally con- 
sidered to be as shown below, . ■) 
with all the intermediate semi- A. j 
tones, hut the makers have lately ' -j j 
been extending this, and have 
centlv produced instruments having several notes 
below middle C. Hill 
these low notes seem to 
l>e very poor in quality 
and weak in intonation : 
certainly the higher part, 
of the instrument is the 
more effective. 

In order to avoid a 
multitude of ledger lines, composers sometimes 
write an octave lower than the part is to sound ; 
but this custom is by no means uniform, and the 
executant will often have fo use his discretion in 
deciding what are the composer’s intentions. 
JWWR • 



Suite,” already referred to, will make a capital 
study. 

The Glockenspiel. The glockenspiel, or 
carillon, is an instrument of very different 
appearance, all hough il is more akin to tlu* celesta 
than might ho supposed at lirst sight. It consists, 
essentially, of a series of steel bars, which arc 
struck with a light wooden hammer; but, unlike 
the celesta, these are struck by hand, the steel 
bars being suspended in a frame. In England 
this is generally a brass “ Ivre ” shaped head 
supported on a stand; strings are stretched 
horizontally across this, on which the steel note.', 
an* lmng, one above the other. Then* is anothci 
variety of tin’s instrument, in which the steel 
bars are laid horizontally in a frame, blit this n 
not often met with. ** 

Usually, only as many notes as arc* wanted at 
the time* are brought into use, extra notes being 
hung up as required. The complete compass is 
about two and a half octaves : 




a naif octaves : ^ -m 
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including all the intermediate semitones. The 
actual sounds produced arc an octave higher than 
given, and are sometimes written so by com- 
posers. As these notes are sold separately, the 
student should test them before buying, for they 
vary considerably in purity of tone. 

The tone of this instrument is much brighter 
and more penetrating than that of the celesta, and 
very quickly wearies the listener. Its range of 
tone is likewise exceedingly limited, but in tin- 
ease it is uniformly loud, a pianissimo being ou^ 
impossibility ; or, more strictly speaking, its tone* 
is so penetrating as to predominate invariabh 
over all other instruments. 
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A difficulty to one not accustomed to these 
instruments is to remember that the notes in use 
do not necessarily represent consecutive degrees 
of the scale, nor are they always of the same set, 
hut vary according to circumstances. However, 
each is clearly marked with its name, and by 
keeping the highest at the top of the frame, 
descending according to pitch, there is no 
occasion for any confusion. 

The manner of hitting the notes is quite simple ; 
a smart tap with the hammer, which must be 
allowed to rebound instantly, is all that is 
required, but it may be advisable to stop the 
notes from vibrating too long by means of the 
fingers of the other hand. Sometimes two 
hammers are used, one in either hand, and 
certainly the second one is a great help in 
executing rapid passages. 

The part written for the glockenspiel by 
.Mozart in the “ Magic Flute,” beginning 
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n impossible on the instrument just described, 
and is intended to be played on a glockenspiel 
tarnished with a keyboard. With a little altera* 

? m mi tli" passage could be played on the celesta, 
tin which instrument, had Mozart* lived a. 
"•nturv later, ho would most certainly have 
v\ lit ton it. fn I riuidels oratorio “Saul” there 
i- a somewhat similar passage, which is written 
a*, though for a transposing instrument in (1 — 
i hat is, a fourth lower than it is meant to sound. 

! Knr a more detailed explanation of transposing 
'instruments see the IIokn. | 

In conclusion, half an hour’s pi’actice at any 
'•I these instruments will do more for the ini el I i - 
Li nt student than pages of written description. 
THE SERAPHINE 
In an orchestra or in a church, in conjunction 
with the organ, the seraplnne 
icpr«‘sents in tone the effect 
"I a carillon. Whereas, in the 
glockenspiel, small steel bars 
• c substituted for bells, in 
die* seraplnne -used in certain 
modern orchestras— thin steel 
rends, beautifully voiced, acted 
upon by coiled springs, are 
connected with a keyboard. 

Rapid articulation is thus 
facilitated. Moreover, the tone 
h increased or diminished in 
bine by wind pressure, the 
het of the player working a 
pair of small bellows as in a 
harmonium. Although tlie nota- 
tion to be played may appear simple, so pene- 
I mating is the tone of the instrument that the 
slightest mistake is very noticeable. A performer 
v a 2 6 
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entrusted with such a part must, therefore, be 
either a pianist or an organist. For detailed 
exercises, appropriate to seraplnne playing, tin? 
student is referred to studies written for the 
organ or piano- 
forte. 

DULCITONE 

Inst ead o f 
steel rods, this 
ingenious instru- 
ment e o n t a i n s 
rows of tuning 
forks struck bv 
felt-covered hum- 
mers, damped by 
felted levers. After the instrument * once leases 
the maker, no tuning is therefore required. The 
compass is from three and a. half to live 

octaves, and the weight- is from 25 lb. The 

dulcitouc has been 
used with marked 
cess as a substi- 
e in the orchestra 
distant bells, or 
m conjunction with 
the church organ for 
echo effects. In ballet, 
music, also, it has 
been heard with 
a d v a n t a g e . I n 
pure, sweet, and eanies 
moderate and the instru- 
ment takes up bio small space, it serves as an 
excellent substitute* in house boats, yachts, and 
elsewhere if room is a consideration. 
CASTANETS Ct TAMBOURINES 
Tn the modern ballet orchestra, inelispensablo 
features of gipsy, Spanish, or Neapolitan dance* 
music are* parts for these pereussiem instruments. 
When, in so-called progi amine* music, the* com- 
poser endeavours to portray unusually realistic 
effects, the* side-drummer has to be provided 
with a number of strange* contrivances, it is to 
him that the* manipulation of such ae*evssori<*s 
is allotted, especially in open-air 
band pe*rformances. In pieces 
descriptive of a hunt, etc., lie* 
needs a pair e if woode*n clappers 
to imitate the sounds of a 

whip. Ihe* orchestral whip costs 
about (is. 

Haydn. Romberg. Mendelssohn, 
and other masters in the*ir bur- 
lesque or .toy symphonies, mak** 
use, further, e>f the* sounds of 
\arioiis bird-calls and tin* pop- 
gun. The latter, in de»sewipti\e 
military band arrangement 
occasionally necessitates the* side- 
druiiimer being pro v ultxl with a 
band pop-gun. This eeists abdut 
(is., and its noise is sometimes 
effective. 

Tambourines. The chief e>f 
the side-drummer's accessories -are the tambourine 
and castanets. For military bands, the tambourine* 
is 15 in. in diameter, and eeists about 18s. The 
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orchestral model is slightly smaller. “ Tambour,” 
or drum, gave this instrument its name. It 
consists of a single drum-head, or parchment 
skin, stretched over a circular rim. The depth 
of the latter reinforces the sound. Small rods 
are fitted in the rim. To tighten or slacken the 
vibrating surface, screw the; fly-nuts up or down. 
Cut. out in the rim are a number of slots. In 
these slots miniature cymbals are arranged 
loosely in pairs. Those impart to the tone much 
of its distinctive elfeet. 



MILITARY TAM- 
BOURINE 


Tambourine music, as an orchestral accompani- 
ment to the tarantella or any Oriental dance, is 
written in the treble clef, 
usually on A, second 
space, being marked in the 
side-drum part. Although 
this instrument is a species 
of drum, it is not hit wit h a 
stick. Both hands of the 
player are required for its manipulation. It is 
capable of a variety of ('fleets. When simply 
struck by the hand by a body of dancers, the 
peculiar noise it gives is most distinctive. If it 
be played by a single performer, one band usually 
causes it to vibrate, so that the small cymbals 
jingle, whilst it is struck by, or strikes, the fist or 
tips of the lingers of the other hand. Berlioz has 
made considerable use of tambourine effects. A 
favourite direction of his was to get the curious 
tremolo, or roll, which is obtained by rubbing the 
tambourine-head with one of the fingers of the 
hand, not holding it. In H that case, the noises 
of the small bells in the rim are chiefly audible. 
Such a roll is indi- 
cated as here shown, 
it is usually very 
short, because the 
linger rubbing the parchment causes the sound 
to cease as tin* digit approaches' the margin of 
the rim. in music portraying a masquerade, or 
of her extravaganza, a weird rumbling is caused by 
rubbing the vellum with the full. strength of the 
thumb. By spinning the instrument on the 
finger-tips, expert players get other varieties of 
sound from the tambourine. 


r 
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Castanets. In ballet music, when Spanish 
or Oriental dances arc; introduced, inseparable; 
from the tambourine are the castanets. “ Cas- 
taneta ” is the Spanish for chestnuts. Ever since 
the Moors introduced into the South of Europe 
certain characteristic dances it has been the 
custom for the performers to attach to each hand 
small cups of 'hard wood or ivory, joined together 
by a string, and shaped like the two sides of a 
chestnut. If these adjuncts are not available, 
the clicking effects they produce are imitated by 
the dancers drawing the fingers quickly, from 
the point to the ball of each thumb. Most 
Spaniards are experts in this accomplishment, 
b^t in a ballet, if the dancers use castanets, they 
are fitted to the lingers. One little clapper is 
fastened to the thumb, the other is attached to 
the middle finger. To emphasise the rhythm of 
the dance, the two are then struck together. 

But there is a vast difference between merely 
clicking the castanets and playing them expertly. 
Accomplished performers are" able to get a neat 
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roll on them of several bars’ duration. To do this 
requires careful practice. The student who 
desires to be able to articulate distinctly the 
different rhythms indicated in the ballets of 
Bizet, Delibes, to say nothing of those of Wenzel, 
Jacobi, or Byng, should begin by single-stroke* 
exercises with alternate hands. 



Here the object is to make each beat with the 
utmost regularity, and the student is advised to 
practise with the metronome in slow' time at first, 
and increase the speed gradually until the 
semblance of a roll is obtained. Having acquired 
facility to make a single sound with each hand, 
try double sounds in the same way. 



The next problem is to fget distinct triplets 
by the hand, without .any break or hesitation in 
the sequence of the sounds, so that each stroke 
should be of equal force. 


i« f* 
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Grace-notes. As the castanets are embel- 
lishments in themselves to the effect of the dance, 
their performance is pleasantly varied by 
making short clicks or grace-notes mingle with 
those which are more emphasised. First , endeav- 
our to produce a short click preceding a loud one, 
so /‘that the right hand gives two postman's 
“ rat- tats," and* the left# hand echoes those 
sounds without break. 
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The student should next endeavour to make 
with one hand >a quick triplet softly and finish 
it by a loud stroke with the other hand. This 
is not so easy as it appears to be. ... . . . 

16 ° ' • ■4 tSSS^Z 

« ' L. R. R. L. g ether are 
known as a kt full drag.” It must not be 
forgotten that in dancing the time-stroke usually 
falls when* the point of* the toe touches tin* 
ground, and that stroke should be; emphasised. 
But during turning movements, pirouettes, or 
bendings, the castanets are particularly effective 
when they execute a number of short# grace-notes 
together. These an;, in a solo dance, inserted 
according to the fancy of the artist. But if they 
are to be a true embellishment, the castanets 
should be practised apart from the dance. We 
give in conclusion, one of the most ordinary’ 
examples of the insertion of such grace-notes. 

R. L. 
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Here it will be observed that the right and 
left hands alternately make four clicks in strict 
time. But on the second beat in each quadruplet 
the opposite hand inserts three or more short 
notes to embellish the rhythm, fn the scguidilla 
and other lively dances, the eastanet -player who 
can do this neatly finds that the time spent in 
study is well rewarded. 

But when eastanet music appears in a side- 
drummer’s part he has no time, as a rule, to 
lit the apparatus to his fingers. Therefore, the 
orchestral or military performer provides himself 
with a pair of castanets attached to a handle 
about 1 ft. long. Between the two little cups is 
the stationary bowl of a wooden spoon, so that, 
when the handle is shaken, the castanets strike 
against this bowl. The player can thus at any 
moment insert eastanet effects without difficulty. 
Sometimes in military bands a pair of castanets, 
held open by light springs, is attached to the 
hoop of the side-drum, and is manipulated by 
the drumstick. Orchestral castanets cost about 
4s. The more familiar nigger minstrels' 44 hones ” 
are but enlarged edit ions of the classical eastanet. 
which goes back to the days of Babylonia and 
Assyria. 

BELL-RINGING 

Between the music of \rt and that of Nature, 
liells are regarded as the connecting link. Ileing 
of fixed tone, they have lieen occasionally em- 
ployed for impressive orchestral effects by Auber, 
Bossini, Doni?ctti, Meyerbeer, Sullivan, Wagner, 
and other great composers. Yet, in an artistic 
sense, bells are incapable of musical use in their 
truest form, since their full sounds can only be* 
elicited when they are swung and hit by a 
flapper. Blit this precludes timing the exact 
moment of striking as well as the precise degree 
of force for each blow. It is, however, the 
^regular and formless character of the tones 
produced even by the best change-ringers which 
imparts that wild mystery or uncertainty to the 
sound of bells so attractive in the open country. 

Of bell-ringing, the chief kinds are handbell- 
ringing, steeple-ringing, and tower-carillons. 

Handbells. Nearly every church possess- 
ing a peal of bells keeps a miniature set for 
training beginners before they are allowed into 
the steeple. Though somewhat similar in appear- 
ance to the railway handbell, the tone is differ- 
ently controlled. Instead of the clapper swinging 
loosely, it is supported by springs. These keep 
the tongue from touching the bell -lip when held 
horizontally. Yet, when the bell is required to be 
struck, the springs offer the least possible 
resistance. Moreover, the tongue, instead of l>emg 
of metal, is of thick felt weighted to give the 
necessary force. Instead of being havsli, the tone 
produced by this means is sonorous and sweet, 
allowing the harmonies to be heard pleasantly. 
A peal of eight handbells, properly tuned, can be 
procured from any bell -founder for from £4 to £5. 
With these small editions of the large steeple- 
Mis, the intricacies of ringing can be learnt 
without annoyance to a neighbourhood. For 
ordinary changes, five bells suffice. Few towers 
contain more than this number. 


The students should seat themselves in a semi- 
circle, so that each can see the other without 
having to turn round. On the extreme right of 
the semicircle is seated the first treble — generally 
the youngest performer— he having the smalles 
bell. At the extreme left point sits the physically 
strongest man with the largest bell, known as the 
bass. In the centre of the semicircle is the alto. 
In advance of him, on the right, is the second 
treble, and on the left of the alto is the tenor 
In front is the conductor. Instruction starls 
by each student I icing taught how to sound his 
bell properly. 

Correct Position of Hand and Bell. 

liras}) the hell by the handle. Hold it 
downwards to represent the position of the 
bell as it hangs in the steeple. The leather 
handle, here, is flat, and the clapper is so hinged 
that it will only swing towards the Hat sides of 
the handle. If held flat -side uppermost and 
waved from right to left, or left to right, it will 
not strike. Only upward or downward motions 
cause it to sound. In grasping the handle the 
thumb, pointing downwards, should press the 
brass rivet in the Hat side towards the body of 
the ringer. Turn the hack of the hand to the 
left, so that the lingers are round the flat side 
of tin* handle away from the body. Now, sloping 
the handle slightly downwards, the clapper will 
fall by its own weight opposite the side it is to 
strike. The spring prevents the tongue touching 
the lip of the hell. 

The “ring” is given by turning the hand 
half round to the right. To ensure the strike, 
all that is needed is a slight impetus from the 
wrist. The first motion is to get a blow with the 
bell upw ards. Boise the bell towards the shoulder, 
giving a slight jerk to represent a 44 hand stroke ” 
in the steeple. The next motion is downwards 
towards the knee, to represent the 44 hack stroke.’' 

Rounds. The most common use to which a 
peal is put is that of ringing “rounds.*’ On the 
Continent, besides pulling bolls singly or clashing 
them together, campanology is unknown, despite 
the praises Schiller and many other foreign poets 
have lavished on the ringing of bells. In Great 
Britain, however, if there are five bells, lliey are 
tuned diatonically, and range*, in position of 
rounds, numerically from the smallest to tho 
biggest. The first treble, therefore, is “ No. 1,” 
the* second treble 44 No. 2,” the alto the 

tenor 44 4 ” and the bass 5.” In round-ringing 
the art is for each bell to strike with the utmost 
regularity. The custom is for each ringer to start 
off with a hand stroke, continuing without 
pause, each with a back stroke. When chang- 
ing, in the third round, from 44 hack ” to 
•“ hand.” there is a -light, pause, as if, after 
counting five, came the figure “ 0.” Two rounds 
are then played without break, the completion of 
the whole 44 pull ” being marked by a second 
pause, and so on with a rest after every two 
rounds or whole pull. Consequently, if the 
ringing is in four-four time, the effect, at the 
beginning, puts the accent on the 44 lead,” given 
by the first treble. The fifth bell, being the bass, 
the accent on the next bar is transferred to 
the lowest note. This is immediately followed, 
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without break of time, by the three upper bells, so bells, so that they work observing the correct 

the third bar gets its accent from the tenor. This formula. If there are four bells, 24 changes 

is followed by the bass bell to complete the back is the limit, and the time occupied is one 

stroke. On the third beat of the bar there is a minute. Tf there are five, 120 changes is the 

pause, and the first treble, beginning on the number, these taking five minutes. With six 

fourth of the bar, the accent on the tifth bar is bells there are 720 changes, occupying half an 

given by the second treble. The smallest bell hour. With seven, upwards of 5,000 take three 

thus starts the sixth bar. But, as a back hours This is called a “ peal.” Shorter changes 

stroke is given, the tone is different in character may be designated a “flourish” or “touch.” 

to when that bell started off with the hand With eight, upwards of 40,000 changes require 

stroke. a day and four hours. Nine hells give more than 

The next bar is begun bv the bass to finish .100,000 changes, occupying ten days and twelve 

the back stroke, and complete the whole hours. When we come to twelve bells, the changes 

pull. In the sixth bar, a rest thus occurs on run into millions. In an early stage of the art, 

the second heat. So the two treble bells mark therefore, five bells with 120 changes suffice 

the “ three four,” and the accent on the for any student. No change is complete until 

seventh bar is made bv the alto, and on the every variation of which the peal is capable is 

eighth bar by the second treble with the back produced. The bells are then brought back into 

stroke. Although only five notes are repeated rounds. Like a ship, a bell is of feminine gender, 

in the same sequence, owing to the different She is never referred fo by a bellringer as :f, 

accents and strokes considerable variety is but always as 1 she or her. 

accomplished in good round-ringing. [Ex. 1.] “Dodging.” After rounds, the student must 

Bv altering four-four into three-four time, on understand how to ‘ dodge, cither with the 

the “word “ (to ” from the conductor treble bell before or after him. If bo has treble, and is 

leads with a band stroke as before. But the tenor, told to “dodge, on the word Go he leads 

as his bell is fourth, puts the accent on the second off with a round, first with a hand stroke and 

bar. The fifth and first bells having struck, the then a back stroke. Then comes a pause for 

accent on the third bar is transferred to the No. 2 to ring first, No. 1 taking his proper place 

second treble, and the bass emphasises the first with the hack-stroke round. He. strikes second in 

heat of the fourth bar. Pause on the second beat. the sequence which follows, and first again on the 

The third heat is thus given bv the “ lead,” and word “ Hound from the conductor. If ho is put 

the fifth bar has the hand -stroke accent from the to the third bell and is told to “dodge with 

second treble, while the same accent by the bass second, on the word Go, a hand and back 

starts the sixth bar, the alto emphasising the stroke round being rung, in the third sequence lie 

seventh. On the first beat of the eighth bar will strike in No. 2’s place, the hitter following 

there is a pause ; on the ninth, theaecent is given him In the fourth sequence, he strikes in Ins 

by the alto with a hand stroke, t lie treble starting own place, dodging again in the fifth sequence. On 

the tenth with a back stroke, the eleventh bar “ Hound ” being called, he returns to his normal 

being accented in the same way by the tenor. order. 

[Ex. 2,] A bell goes “ up ” when she strikes in a 

Change-ringing. Hells are said to be in different numerical position, moving on from 

“changes” when struck in any other order than treble to tenor at each change. Her . com sc 

their normal numerical sequence. To ring a change is termed “going up’ if, after loading oil 

implies the constant variation of the order in first, in round, she “ dodges ’ to second in the 

' which the hell strikes. Alteration must be made next sequence, dodging again, with the Ml 

according to rule with any given number of striking after her, to the third and fourth places 
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in the next two changes. On the other hand, her 
course is called “ going down ” if she alters her 
position from behind to the front. In the steeple, 
the expression refers to holding “ up ” the bell 
herself, when she must be rung slower to allow 
ihe others to strike before her. Likewise, if 
she is returning to “ lead,” she must be struck 
more quickly, or “rung lower.” In other words, 
she then goes “ down.” 

‘'Hunting.” Hunting is carried out in two 
ways — “hunting up” and “hunting down." 
r Hie first means striking after the bell last pulled, 
and is applicable to any number of bells. If 
tlirco are being rung, and the student is first 
treble, on the word “ Go ” second treble will 
strike after him. In the first change, he must, 
there! ore, pull after No. 2. The sequence thus 
is 2 I 3. Keeping his eye on No. 3, No. 1 will 
next strike after her. 'The order will then be 

2 3 1. This brings No. I behind. On arriving 
in that position, the rule is to strike in the same 
place in the next change. So the sequence fol- 
lowing becomes 3 2 1. Having “ hunted up," 
No. I must now “hunt down.” To do this, 
lie. has to look for the bell which strikes first of the 
other two. This is No. 3. Kinging after her, 
the sequence becomes 3 1 2. He is thus brought 
into No. 2's place. In the next change, he leads. 
Tlie sequence is I 3 2. As the rule, on returning 
to “ load,” is to strike twice, in the next change 
the order of the bells is normal. They are, 
therefore, brought back to rounds, having per- 
formed the full six changes possible by three 
bells. [Ex 3.J 

Hunting with Five Bells. Instead of 
three handbells, try five. Tf the student has first 
treble, and watches his four companions, he will 
soon get into the way of sounding his bell at the 
correct moment. At the first change he will 
strike into No. 2's place by ringing after the bell 
which followed him. If the sequence was 1 4 .”> 

3 2, it will now be 4 13 5 2. Therefore, No. 1 bell 
will now be “ below,” and No. 3 “ above ” him. 
He must observe the latter to note which one 
fellows him. Next time, he must “ pull ” after 
that one. In other words, he changes his sound - 
place with No. 3. The sequence rung becomes 

4 3 12 5. Striking now in the centre place, he 
will have two bells “ below,” and two “ above." 
Keeping an eye on the latter, he strikes his next 


blow after the bell which follows him. The 
sequence is, thus, 3 4 2 1 5. Having taken 
No. 4 s place, there are three bells “ below," so 
that he has only one to note. Striking after 
this next time, the change becomes 3 2 4 5 I. 
This makes his first stroke “ behind.” Having 
four bells “ below,” he must strike after the last 
of them. This will be No. l’s ultimate stroke 
** behind.” Reversing the process, he will 
hunt down the other four bells. He lets the 
last mi ml km 1 he pulled after pass him, so that 
lu» descends into No. 4’s place,. Striking after 
the last of the three below him, ho next rings 
in No. 3’s place, and, in due course. No. 2's, till 
he gets back to “ lead." He will then strike 
again in the next sequence, and continue to hunt 
up and down till rounds are called. 

The Course Method. Many ringers 
consider the “ course ” plan easier for hunt ing 
down than that described. All the student 
has now to remark is the hell which he “ turns 
from behind.” or that after which he has next 
to ring. When lie has struck after her his 
first blow behind, she becomes bis “ course ” 
down to lead. Supposing the student is No 2, 
and the sequence is i 5 1 2 3. In hunting up. 
No. 2 turns No. 3 “ from behind.” So the first 
blow No. 2 strikes behind makes the sequence 
1 4 5 3 2. According to rule, in the next half 
round No. 2 must strike behind again. Rut the 
ringer watches No. 3, that b(‘ll having moved 
down one, giving the sequence 4 1 3 5 2. The 
fifth, therefore, comes between 2 and 3. In the 
next change, as No. 1 is hunting up, she will 
intervene. No matter what bell follows No. 3, 
No. 2 follows that bell. The sequence thus be- 
comes 4 3 1 2 5. In the next change, she moves 
down one into No. 3’s place. No. 3 now' being at 
“ lead.” the sequence making 3 4 2 1 5. As No. 3 
has to give a second blow in the same place, No. 2 
novv gets close to her " course.” So the sequence 
is 3 2 4 5 1. In the next change, therefore. 
No. 2 gives the first blow. The result of this 
hunting down by “ course ” method sounds as 
in Ex. 4. 

Place-making. When a bell arrives “ be- 
hind ” o*’ at “ lead ” in hunting, we have seen 
that she must strike two blows in each successive 
half round, so that she “ lies a whole pull ” in the 
same position. Yet, if this lying a whole pull 
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were made uniformly, the possibilities of varia- 
tion could not be fully developed. It is necessary, 
therefore, for other bells sometimes to “ make 
a place ” in the same way in one of the inner 
positions by striking two blows in succession 
at the same point. Thus, if No. 5 follows No. 1 
in the first half- pull, and is cautioned to “ make a 
place ” in the second half-pull, she will again 
follow lead. Hence, she also will lie a whole 
pull next to treble. Meanwhile, No. 4 has been 
told to make place at No. 3. Thus, while No. 5 
goes down to lead, No. 4 makes a second blow 
in No. 3’s place, lying a whole pull in that posi- 
tion, as will here be seen : 

1 r> 3 4 2 

1 5 4 3 2 
5 14 2 3 
. r > 4 13 2 

To make all the alterations of which four bells 
are capable necessitates a knowledge of further 
rules. Here the changes are divided into three 
sets of eight each. On the word “ Go ” rounds 
arc rung till the ringers get steady. Bells 1 and 3 
then start hunting up, whilst 2 and 4 proceed 
to hunt down. Each bell lies a whole pull 
on arriving at " lead ” or “ behind.” By k * plain 
hunting,” the eight changes produced are these: 
2 14 3 

2 4 13 
4 2 3 1 
4 3 2 1 

3 4 12 
3 14 2 
13 2 4 
13 4 2 

The bottom line introduces a new rule. 
If the plain hunting were continued. No. 4, 
on arriving behind, would strike twice, and No. 3 
proceed to third place, while No. 2 would descend 
to second place. With that method, however, 
the result would be a normal round. This 
should not occur until the whole change is rung. 
To produce the twenty-four variations, the rule 
is that “ the bell t reble lakes from k lead,’ makes 
second place and leads again, the other bolls 
dodging at hack stroke-lead of treble.” The 
ringing is thus given a fresh lease of plain hunting : 

3 l 2 4 

3 2 l 4 

2 3 4 I 
2 4 3 1 

4 2 13 
4 12 3 
14 3 2 
14 2 3 

Here we see Nos. 3 and l are hunting up, while 
Nos. 2 and 4 hunt down, each bell striking twice 


on arriving at lead, or behind, except in the 
back stroke of the last pull, where the bell t reble 
takes from lead, makes second place, and leads 
again, the others meanwhile dodging at the 
back stroke lead of treble. Consequently, Nos. 4 
and 1 now bunt up, while Nos. 3 and 2 hunt 
down, until the change is completed thus : 

4 13 2 
4 3 12 
3 4 2 1 
3 2 4 1 
2 3 14 
2 13 4 
12 4 3 
12 3 4 

The students should now try Ex. 5. 

Practising with Two Bells. The fore- 
going changes can be learnt by two players 
with handbells facing each other. One student 
should take 1 and 3, the other working 2 and 4. 
Although, in the steeple, the vibrations con- 
tinue, when practising with miniatures the 
tone should be damped. For this purpose, 
double up a blanket, or thick rug, and spread it 
over a table between the players. Each bell 
is then taken up and replaced on every stroke 
so that no t wo sound together. Tf this is done, 
in correct time, the effect will be legato. Should 
tl»e clamping be premature the sounds will he 
staccato. The same students can work a peal 
of eight bells by playing two with each hand. 
If attention is confined to change-ringing 
endless variations can lx* st udied. Yet, however 
fascinating this may be in a steeple, it is not 
so entertaining to the uninitiated home circle. 
It is well, therefore, to practise diatonic melodics 
within the compass of one octave, as the eight 
bolls generally represent the scale. Snell ex- 
ercises are useful discipline in keeping corrcel 
time. Handbell ringing by five performers 
has been made charmingly effective throughout 
ft compass of five octaves including sharps and 
fiats, different bells being used for the sharps 
to those for the flats. This accuracy in tuning 
entails 3fi bells for the diatonic notes and as 
many more for the enharmonic semitones. 
Thus, each player may have 15 bells to handle. 
Quintets of players, after careful study together, 
have obtained remunerative engagements and 
been favourably criticised by eminent musician* 

The student who aspires to be a member of 
such a company must be prepared to practise 
unremittingly. Sometimes, the first and second 
trebles are taken by ladies ; men manage 
better the larger bells. Five performers can 
play almost any music written after it has been 
arranged by a ringer possessing a knowledge of 
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harmony and composition. This is not so if 
there are only four performers. The rapid 
work in the upper voice is often more than one 
ringer can accomplish satisfactorily. 

The Table, The student must l>e a good 
timist. Experience shows that the dimensions 
of a handbell table are most convenient when 
it is 16 ft. long by 7 ft. wide. To a depth of 
3 A ft. from the front, the left end is reserved 
for the bass player s bells. At the far right end 
of the table towards the front (where the audience 
would bo) is the place of the first treble, with 
3.1 ft. space before him for the smaller instru- 
ments. The long side, beyond the portion 
reserved for the bass, is divided with the second 
treble on the right, the alto on his left, and tin* 
tenor on the left of the alto, together with 3.1 ft. 
in front of each of them for the bells most 
frequently required. That area of the table 
beyond these five divisions is used for depositing 
bells not wanted during the performance of a. 
piece, if, for instance, the melody is in G, the 
0 ? bells are not likely to be required. As all 
pieces must bo memorised before a public per- 
formance, players soon know the bells they need 
for any item. 

Stand to play, and do not waste energy by 
nourishing about a hell except when a long, 
sustained note is required. Each instrument 
has a definite position in its compartment before 
the player. The one on his extreme left and in 
the row closest to him is always known as No. I, 
the left bell of the second row being No. *2. 
On the right of No. 1 come Nos. 3, 5, 7, 6 ; while 
on the right of No. 2 come Nos. 4, 6, 8 and 
” 0." Thus, the nearest row consists of odd 
numbers and the second of even. Those in the 
third row, beginning at the left, are called A. 
B, (\ D and E. These letters designate the 
positions on the table. They do not refer to the 
notes of the bells. 

The Science of Bellringing. Ringers 
calculate by posit ion. Pythagoras regarded music 
as the “ Science of numbers.” To-day belhiug- 
ing is taught and practised by mathematical 
rather than aural notation. Unless the faculty 
of counting is cultivated the student cannot hope 
to excel. Before attempting to handle a number 
of bells, begin by practising with not more than 
four. Place these in their proper order. Ring all 
the changes on the four bells until facility in that 
exercise is acquired. Then add two more to the 
right and study the six changes. Afterwards add 
bolls in places' A and B. Finally, as progress i< 
made, 7, 8, 6, 0 and C, 1) and E can be em- 
ployed. It will be found that two right-hand bells 
frequently follow each other quickly. In that 
case, the first, after being struck, must be 
transferred quickly to the left hand. If this is 
otherwise occupied, both bells can be* held in one 
hand. Instead of taking the first bell between 
the ‘thumb and first finger, lift it by the second 
and first. 

The second Ml can then be taken up bv 
the thumb and first finger. But it must be held 
with its handle at right angles to the first. 
With the flat side towards the player s body 
the first bell can be rung either by an upward or 


downward movement without the other sound- 
ing. When No. 2 should ring, a turn of the 
wrist will bring the flat of its handle towards 
the player. The clapper will then strike without 
a second blow being given by the first bell. 
Taking two bells in each hand for consecutive 
notes, the student should practise the scale 
slowly until facility in this useful method of 
manipulation is obtained. It is only by such 
means that accomplished handbell ringers can 
acquire mastery over fifty or more bells. 

Quintet Music. For a quintet such «%s 
described, the music is written in five staves. 
That for the two trebles and the alto is in the 
treble clef, and that for the* tenor and bass in 
the bass clef. To save space we indicate on 
two staves the opening bars of Costas ” March 
of the Israelites,” marking the positions for each 
bell |6J. Notes for the first treble are indicated 
by tlie tails being turned up, while the tails are 
turned down for the second. These performers 
divide the treble work ; they do not double it. 
It will be observed that the C and 1) are sounded 
together in bar 7. In this ease, the first treble 
takes the 0 and the second the 1) ; but in bell- 
ringing the effect is always better when sounds 
are arpeggioed rather than struck in chords. 

To get the numbers and letters correctly, 
when deciphering handbell notation the student 
must make out a plan for himself for the arrange- 
ment of the bells in his own compartment. 
These, being not in the same order as the sounds 
are represented on a piano keyboard, may 
appear confusing at first. They are located 
rather after the method of the letters on a 
typewriting machine, bells most frequently 
wanted being placed most conveniently for the 
two hands. Thus, as the example given is in 
tin* key of C, both C bells are on the right of 
the first treble's compartment. The G, or 
dominant, being next frequently wanted, is 
placed on his extreme left. The A's, giving an 
interval of a third, come next to the G’s, while 
the B's are on the right of the G. As G£ is 
only needed once in the piece it is placed by 
itself in the third row in position A. 

As the second treble divides work with the 
first, the bell this player will use most is the 
octave G above that allotted to the first treble. 
So this G is on the second's right. On his left 
is the D, and on its right tin* E, the F being on 
the Mt of G. In the third row, in the positions 
A, B and C, are the bells giving B “\ G >, and 
I)?* they being only seldom needed. 

Steeple Kinging. After practising the 
rudiments with the handbells, the student should 
ascend a belfry. Jn her ordinary position in the 
tower, the bell hangs downwards. When swung 
and struck, her hollow body emits — according to 
the diameter of the mouth, thickness of sound 
bow, height, and other proportions— several 
tones. These are the Strike ” note, “ Hum ” 
note, the “ Nominal,” a minor third and perfect 
fifth in the first octave, and a major third aqd 
perfect fifth in the second octave. When the 
bell is in tune with herself, the “ Hum ” tone 
should sound a perfect octave below the “ Strike ” 
note, w r hich gives the pitch. 
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The harmonics of a bell differ from those 
elicited from any string or wind instrument. 
Each sound is regarded as a principal tone 
dependent on the various curves of the bell. 
The “ Hum ” note, therefore, does not follow the 
law of resultant tones, and the presence of the 
lower minor and the upper major thirds is a 
puzzle which, so far, has baffled the greatest 
acousticians. In very large bells one hears — 
provided she is in tune with herself — a glorious 
succession of octave harmonies which have a 
peculiar charm. Tt is probably owing to the 
presence of so many sounds that bellringers 
refer to “ Key ” rather than the note which each 
instrument in a peal represents. 

How the Bells are Fixed. On the top of 
the bell, cast with her, arc two rings or 
“ cannons.” Iron braces, strongly bolted, secure 
these cannons to the cross -l>cam or “stock.” 
To this, at one end, is fitted the iron axle into 
what are called “ gudgeons.” The axle works on 
brass or gun-metal bearings, to prevent cor- 
rosion. On one side of the stock is fitted a broad 
spoke of a wheel, in diameter more than double 
the height of the hell, the wheel working on an 
axle similar to that oil the opposite side. 

Both axles rest on stout beams firmly bolted 
to the floor of the hell-tower, forming together 
the timber cage for the bell, shaped like three 
sides of an oblong. The tire of the wheel is 
grooved. Attached to the large spoke, the bell- 
rope passes through an eye in the tire. Thence, 
it goes along the groove, down over the wheel 
and through the floor over a pulley, so that it 
works easily, into the belfry below. The ringers 
thus have the floor between them and the bell. 
So they are neither deafened by the strongest 
sounds of a peal nor exposed to inclemencies of 
the open air. When the rope is pulled at a 
distance of, say, .*1 ft., if the bell is that 
height, the result is that her mouth, instead of 
pointing down, is thrown skyward. The hall of 
the clapper, striking that portion of the lip 
immediately over the head of the- linger, gives 
the hand stroke. On the rope being released 
the distance of the diameter of the mouth, the 
flight of the clapper hits the lip in the opposite 
direction away from the ringer. This is the 
back stroke. No matter how hard the bell is 
pulled, she cannot make a complete revolution. 
The beam on which she is hung is cheeked by an 
iron stay, the flight of the clapper being restrained 
by a relapsing curved rod known as the “ slider.” 
A forward and backward stroke of the hell 
constitute a whole pull. The student should 
practise with the bell lashed. 

Practice in the Belfry. Take a piece of 
fir\e rope and make a noose in the centre big 
I enough to slip over the flight of the clapper ; the 
ends must pass over the lip of a bell on either 
side. Protect the lash at those points with leather, 
to prevent cutting. Make the rope fast to 
the cannons at the top of the bell. When she is 
Instruments concluded ; 


now pulled, there will be no tone. A bellringer, 
who acts as coach, should set her at back 
stroke. He will adjust the rope to the exact 
length required by the student. Below the 
“ sallie,” or plumed wrapping, a bell rope is half 
as long again as is likely to be needed for 
the shortest ringer. When at back stroke, the 
rope should terminate in a loop just above the 
student’s head. If it is too high, he cannot 
grasp it easily. The “ tuckings,” in that case, 
must be laid down : otherwise, they are pulled 
up by coiling, spiral fashion, to the right point, 
as needed. 

Having set the back stroke, the coach should 
place the hell at hand stroke. The student, 
stretching his arms to their full extent without 
straining, should now he able to grasp the 
“ sallie,” or tufted part. Pull the rope down 
carefully till the bell is brought to balance at the 
hand stroke. If her weight is under 10 cwt., a 
force of 2 lb. or 3 lb. will bring her over the 
balance. As soon as she is “ off,” put the hand 
not holding the end of the rope down to that 
end. At the back stroke let the bell carry up hot h 
hands till she is just off her balance again. Stop 
her there, so that she does not hit the check. 
Pull her “ off” wit li the same force as at hand 
stroke. When the " sallie ” is opposite the 
student’s face, he must grasp it. first with one 
hand, and then the other. He should let the bell 
carry his hands up to back stroke till she is again 
over the balance, without allowing the “ sallie ” 
to slip through the hand. To let the rope slide 
is a had habit. 

Attitude. Stand upright. Do not bend the 
body from the hips. Unless the student stands 
properly, the necessary coil of rope is apt to g: t 
into his face, and perhaps round his neck. If a 
large bell requires strength, drop the knees 
slightly. The mechanism probably needs attention 
if she requires more than 6 lb. weight to pul! 
her off. Keep one foot slightly in advance of 
the other. When a position is once taken up, 
adhere to it till the completion of a flourish or 
peal. Do not turn the whole body in looking 
from one rope to another. Such a habit is 
exhausting when a 5,000 change is rung. A turn 
of the eyes or head will suffice. Having 
mastered a lashed bell, the student may take 
No. 3 in rounds. He must then listen for the 
interval between the strokes preceding him. 
If No. 1 in rounds, he must allow double time 
after completion of the back strokes before 
starling off again with hand strokes. 

Carillons. In contrast to the irregular 
effect produced by change-ringing when bells 
are swung, a carillon implies a greater number 
of bells set close together and hung dead. 
Enclosed in a frame, a peal, like that at Bruges 
or Ghent, includes 48 bells. These are struck 
like clocks, mechanically, by a hammer ou the 
outside of the lip. 
followed by Orchestration 
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By Professor HENRY ROBINSON 


r THE prevention of damage to and loss of valu- 
* able land by the const ant action of the waves 
on the foreshores is one of national importance. 
At the present time there is absolutely no 
official and reliable record of the changes 
annually taking place round our coasts, and 
these, changes are constantly affecting buildings 
and other works which have been carried out at 
a large outlay of public money. The annual loss 
of land in some parts of the country has been 
recorded, the following being a few examples 
which were given in a paper 
read before the Institution of 
( 'ivil Engineers. The annual 
loss of land on the East Coast 
alone represents an area some- 
what larger than the island 
of Heligoland. 

Withemsea .. b yds. per ann. 

Dimlington . . 3.J ,, „ 

Easington . . 5 ,, „ 

Mappleton . . 2 to 3 ,, „ 

H ornsea Burton 2 J to 41 ,, 

Aldborough ..2 to2| „ „ 

It is proposed, in this 
to consider generally the 


be 
methods 


article, 

0 ^ circum- 

stances un<ler which the loss of 
laud occurs, and, although no rules can 
laid down, to describe some of the 
employed under different circumstances for 
protecting foreshores from erosion. 

The erosion of the coast line is a subject w hich 
otfers a wide field for investigation, which is being 
made by a Royal Commission. The subsidence 
of the land also deserves consideration. 

Dr. Geikie remarks in his textbook on 
geology: It is difficult to trace a downward 

movement of land, for the evidence of each 
successive sea margin is carried 
down and washed away or 
covered up. In the great 
majority of cases where such 
an advance is taking place, it is 
due, not to subsidence of land, 
hut to erosion of the shores. 

The results of mere erosion by 
the sea, however, and those of 
actual depression of the level of the land cannot 
always be distinguished without some care. 
The encroachment of the sea upon the land 
may involve the disappearance of successive 
fields, roads, houses, and villages, and even 
whole parishes without any actual change of 
the level of the land.” 

Erosion is duo to seveial causes, the chief being 
the scouring action of the sea on the foreshore, 
which is sometimes assisted by the action of 
rain and frost on the cliff face. 
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The erosion of the bed of the sea in most eases 
is impossible to remedy. It is due to the action 
of tidal and other currents and sometimes to 
submarine fresh-water springs. 

Points for Observation. The following 
are the most important points to be observed 
w hen considering the protection of foreshores : 

1 . Range of tide. 

2. Direction and intensity of prevalent winds. 

3. Direct ion and intensity of destructive winds. 

4. Direction and force of ’long-shorn 
currents, surface and bottom 
velocities being taken at high 
water, mean tide, and low 
water. 

5. Percentage of material, 
per cubic, foot or yard of 
water, carried in suspension. 
Samples to be taken from surface 
and close to the bottom. 

(». Quantity of shingle or other 
detritus, and extent to which it is 
moved during different conditions 
of wind, waves, tide, etc. 

7. Nature and depth of the marl, 
sandstone, or other material under- 
going erosion. 

8. Extent to which the sea bottom is under- 
going change, (‘specially in the matter of the 
formation or alteration of submerged banks 
causing alt (‘rations in the directions of currents. 

0. Nature of material thrown on shore during 
on-shore gales, and the depth of waiter from 
which the material is torn. 

The encroachment of the sea upon the land 
is a source of great anxiety to owners of sea 
frontages. In many eases w here the land is used 
for agricultural purposes the pecuniary loss 
is insignificant as compared 
to the cost of protective 
works and the maintenance 
of them. This is, however, . 
different when the land is 
valuable, and is required for 
building purposes. Then the 
construction of sea w^alls 
j 1 1 s t i fi e s the expense by 
affording protection to the valuable property 
behind them. 

Protective Works. In many cases the 
expense of protective works falls on the owner of 
1 he frontage, as those ow ning the land immediately 
behind may he indifferent and prepared to wait 
until their turn arrives. This is obviously un- 
satisfactory, and as the whole question is a 
national one, some sort of Government aid and 
control is necessary. Land onee lost to the 
sea, in many eases, cannot be reclaimed 
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without involving questions of foreshore 
rights. 

The action of a wave on a foreshore 
has two distinct results, that of the 
incoming water driving the sand and 
shingle up the beach, and, as the 


SECTION 
OF SEA WALL 



SECTION OF SEA WALL 
WITH APRON 



water retires, drawing the sand and shingle 
back into deep water. This material (or 
travelling beach) is deflected seawards, and 
is carried elsewhere, forming sandbanks and 
shoals. The place of deposition of the eroded 
matter is difficult to locate, as it is sometimes 
carried in suspension great distances. The 
arresting and depositing of this travelling beach 
is attained by groynes, properly arranged 
and constructed, 
whereby the beach level 
is raised. 

(Jroynes should be 
constructed in such 
a manner as to direct 
the power of the sea in 

depositing the drifting 24, SRCTIoN OF SEA 
sand or shingle where WALE Ai>RON 

it is needed, and to retain it in position. In 
this manner the beach level and foreshore are 
gradually raised. To assure this result a 
thorough knowledge of the tides, etc., on the 
coast under consideration must be obtained in 
order to settle the position, number, and distance 
apart of the groynes, which should be carried 
down to low-water mark if practicable. The 
construction and strength of the groynes must 
depend on the locality, and on the conditions 
which they will bo required to fulfil. The 
ultimate height to which the erovne is to 
he carried must be provided for. The full 
height, however, should not he planked 
immediately, as it would expose a large sur- 
face to the full force of the waves, but it 
should be raised as the sand 
or shingle accumulates at the 
groyne. It is a matter of 
opinion as to the angle at 
which the groynes should 
be placed, but the w riter does 
not agree with the assumption 
of many that all groynes should 
be placed at right angles to the 
shore. Unless the groyne is 
placed at the correct angle the 
shingle will be found to collect 
on the windward side and not 
on the leew ard, causing a drop, in some 
cases of many feet, thus weakening 
the groyne and disfiguring the beach, 
while no protection is given to the coast- 
line on the leeward Ride of the groyne. 
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Different Types of Groynes. The 

late Mr. Edw r ard Case considered that the correct 
form of any shore composed of beach, sand, 
or any other shiftable material was a gradually 
sloping surface, the section of such shore 
between high and low r water marks being an 
ellipse, the construction of which depended 
upon the range of tide and the horizontal 
distance between high and low’ water marks. 

According to this elliptic theory, the shore 
should follow the curve e e e e from the point 
A upwards [19] and, if suitable material can 
be introduced, and this curve be arrived at, 
the sea should do no further damage, but 
should roll harmlessly in and out. 

To obtain this result Mr. Case placed groynes 
constructed of light timber [20] between low- 
water mark and mean sea-level, and normal to 
the curve of low -water line, in order to trap the 
travelling beach. This system of groyning lias 
been successfully employed at various places. 

Another system of groynes is that invented by 
Mr. E. T. Beard, and is known as Beard's 
Contour System of groynes. This system has 
been e m p 1 o y e d at 
'?(£? C0LLAR> several places with 
success, notably at 
Cooding, Boxhill, in 
Sussex, where Mr. 
Heard informed the 
writer, in January. 1900. 
that the high-water 
mark has been driven 
120 ft. seawards, and 
the beach level had 
been raised 19ft. The 
special feature of this system is the ramp 
which divides the groyne into two portions 
as show'll by 21, the upper one to retain the 
permanent beach and the lower one to permit 
the drift to pass freely over the groyne. 

At Cooding the groynes were required to 
protect land lying behind a narrow shingle 
hank in which breaches had been made by the 
sea, the level of the land 
being below' high-water 
mark. The length of these 
groynes was 828 ft. spaced 
at the rate of eight to the 
mile. The angle that the 
windward side of the groynes 
made with the shore was obtuse. 

The piles, or uprights, varied 
in length froijfr 10 ft. to 25 ft. 
The longest is placed at the 
central portion of the groyne 
for a length of 00 ft., where 
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the greatest force of the sea was expected. 
These long piles were also bedded in concrete, 
and were provided with land tics placed in 
two tiers one abovo the other and bolted to 
a main pile and between a pair of walings, 

0 in. by 9 in. These ties were all placed on the 
windward side of the groyne. Wrought- ^ 
iron tie rods were fixed at intervals to 
the upper portion of the \ V-'VyTl 

long piles to give ad- ' " 

ditional strength to the 
groyne. The planking 
was in. thick, spiked 
to the windward side. 

The upper portion of 
the groyne was con- 
structed level, and then 

fell 3 ft. in 120 ft. to 28. timber and rubble 
the ramp, or quick groyne 

fall of 6 ft. in 20 ft., 

followed by a fall of 10 ft. in 148 ft., making 
the total length of the groyne 328 ft. 

The Cable Groyne. A new method of 
protecting foreshores from the sea has recently 
been employed at Bray. This system is known 
as “ cable groyning,” and is the invention 
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This formula ^Stevenson’s) may be taken to be 
h — T5 *Jd in heavy gales, and in seas 
which do not differ greatly in depth. 

In short readies and in violent squalls, the 
following formula should be used: 

H — 1 -5 N /l) -4 (2*5 - V5)- 
The force of waves may be calculated from 
the following formula : Let ^ 

to the maximum 

m l acr and maximum 
exposure, 

29. protective works then, when the force is 
for foreshore resol ved normal to the line 

of the pier, x varies as 
h sin 2 a, hut. if the force be again resolved in the 
direction of the waves themselves, x varies as 
h sin :t a. 

The direction of waves is often altered when 
approaching the shore, this being due to the 
change of depth of water. 

Sea walls are const rooted in places where 
valuable property is to be protected, and, as 
before stated, their cost is justified. It is often 
found necessary to construct, groynes to protect 
sea walls. The scouring action of the waves 
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sea erosion— that is, of erosion of the ocean bed removes the beach, exposing the foundations, 

below low-water mark and the consequent which are eventually undermined, and would, 

driving forward of the low-water line. In order unless protected, result, in the wall collapsing, 

to prevent this erosion, and to encourage the. The resistance of the wall to the waves causes 

deposit and retention of the material, Mr. Winn the water to be thrown high up into the air, 

employed chains (the weight of which must vary and in falling it scoops out and undermines the 

according to the locality). To each foundation. There arc several methods 

of the chains were attached trees, «... T ..... <■ *-> of guarding against this. The face of 

crates, faggots, etc., one end being /vfT the wall may be stepped, as ji 22, or 

tixed to a pile placed near low-water V Jjj | an apron of stones may be formed [23 

mark, the other being anchored out at ** P i and 24] to protect the toe of the wall, 

sea at any distance or depth of water, > When* the wall has been constructed on 

thus, forming ^ flexible hedge-like a hard rock, no such precautions may be 

groyne below low -water mark. After a 3 j j Tg necessary, as shown in 22. 

few weeks observation, Mr. Winn found • } jft Great care must be taken in 

that some few feet of sand and shingle ! j 8 If constructing masonry or concrete sea 

had been collected by the groynes, Am walls or piers, on account of the action 

which were soon entirely buried, - of the w ax es on cavities in the work. 

Waves. The height of waves 32, wooden groyne ^he a * r contained in a ‘cavity is 
is an important factor in dealing with com pressed by the impact of the 

sea walls, groynes, etc. The height likely to he waves, and in time disintegrates the work, 
attained at any locality by waves may be StocK-ramming. A method (first em- 
calculated, os they are found to be nearly “ the ployed by the late Mr. Kinipple) for filling 

ratio of the square root of their distances from cavities and solidifying foundations is known as 

the windward shore,” or when h ^height of stock-ramming, I has been employed extensively 

wave, d = distance, and a - coefficient varying and is worthy of description. The simplest and 

with the strength of the wind, then h = a ^d. cheapest form of solidifying foundations, 
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stopping leaks, or filling cavities, is by stock- 
ramming. By this method liquid Portland 
cement grout is forced by a stock-rammer [25] 
through a tube or pipe into the crevices of 
the foundation ; it solidifies, and forms a sound 
base. Should the foundation of the wall bo 
sand or gravel, and it 
is desired to solidify the 
stratum to prevent 
settlement. 


chalk, being enclosed by a facing of open plank- 
ing. The toe is extended, as depicted by the 
illustration, to. afford protection against under- 
mining. Figure 28 showB another form of 
groyne. The block chalk or rubble is, in this 
case, enclosed by open planking. Figure 32 is 
a section of a wooden groyne commonly used 
for foreshores. 

Piers. Piers may be classed under various 
heads. Some serve the purpose of discharging 


fyfwSSSUw -mm flwwMHB 



33. PIF.R HEAD 


5 


series of boreholes of from 2 in. to 0 in. in 
diameter are sunk at intervals along the line of 
wall. Pipes are inserted and grout is forced into 
the stratum on which the wall is constructed. 
Another method, where the stratum is soft, is to 
force into it balls composed of hydraulic lime 
mixed with clay, sand, and iron filings mixed with 
Hal-ammoniac, Medina cement, or half set Port- 
land cement. These balls are driven down the 
tubes into the soft substratum by rams. On 
setting they form a hard foundation for the 
wall. Figure 26 shows this method in operation. 

Protective Works. The following are 
brief descriptions of tyjH's of protective works : 
Figure 27 shows a form of rubble wall for 

protecting a : 

J^nk ^hich fo ^ 

known as facin- 

conditions as 27, *. 

being commonly 

used for rivers. 34 - J>ESI0X F( 


goods and passengers at seaports, or on rivers, like 
those at Dover, Folkestone, Liverpool, etc. Others 
serve the double purpose of training the course of 
a river, as on the Tyne, where two solid concrete 
piers are carried out to sea on the north and 
south sides of the mouth of the river. The object 
in this case was to confine the water in a defined 
channel at ebb tide, and so to remove the bar, 
which previously had to be constantly removed, 
or lowered, by dredging. The object has been 
accomplished, and a greatly improved navigable 
channel has resulted. The construction of 
piers in connection with harbours is dealt with 
in another section. We shall coniine ourselves 
to brief reference to promenade piers which are 
~ . . — . . — a feature a t 
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Piles constructed from tree trunks are driven 
firmly into the ground, as shown by the illustration 
130], and arc braced together, the face of the 
bank^ being protected by close rough planking 
with a backing of faggots and cley. The foot 
of the bank is protected by heavy stones. This 
form is unsuitable if exposed to wave action. 

\ Figure 31 shows a method of protecting fore- 
shores where they are exposed to considerable 
wave action. This groyne, if properly placed, 
collects the drift, thus raising the level of the 
beach. 

Figure 29 is an illustration of a protective 
work for a foreshore where thero is heaving wave 
action. The timber framing is filled with block 


Continued 


' of a promenade 

KjggA 1 t I s jBBBffir;* pier which the 

Wf ftcr designed 
f ()r a watering- 

EMEEH& 1 V- place "here it 

J ' . r was desired to 

„ tv™ combine a means 

R PIER HEAD c i i* 

of landing pas- 
sengers from pleasure boats, steamers, etc., with 
arrangements for bathing, together with the 
usual bandstand, refreshment® rooms, etc. In 
this case the planks of the deck rested on 
girders supported on cast-iron piles. 

The next illustration 1 34] show s in plan another 
pier that tho w riter designed for a simliar purpose. 
The planking of the deck is bolted to longi- 
tudinal iron girders resting on the iron cross 
girders placed on the top of the iron columns 
sunk int o the foreshore and forming either a group 
of piles or merely two, if the width of the deck 
is small. The method of constructing the pier 
in all the details will be dealt with in another 
section, which treats of the design of piers. 
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The Principles Underlying* Efficient Catering. Rules for the Good House- 
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wife. Country Tea Cottages. Confectioners. Management of Restaurants 

By A. B. BARNARD 


W/H ETHER catering is to be done for a small 
household of four or five, or for a big insti- 
tution such as an hotel, certain principles underlie 
its efficient performance. We will state them 
Mimmarily in the following paragraphs. 

No thrifty housewife buys anywhere haphazard, 
nor does she, in a conservative spirit, continue to 
deal year in year out at the same shops. From 
time to time she compares the advertised prices of 
various firms with those she happens to be paying. 
The quality of the goods supplied must also be con- 
sidered. For instance, it is false economy to buy 
inferior butter because it happens to be 2d. or 3d. 
per lb. lower in price than elsewhere, or dusty, 
stalky tea at (id. per lb. less than that of a good 
blend. Such test purchases are possible in all large 
distributing centres, but outside these the caterer 
is more or less dependent on the local dealer, 
failing whom, it is best to order groceries direct 
from London stores or those of some large provincial 
centre. The street vendor of vegetables and fruit 
is not to be despised, for his price is usually less, and 
t he art icles often fresher, than those at shops. After a 
few experiments reliable dealers may usually be 
found, who are well pleased to get good, paying 
customers on whose orders they may depend. In 
the case of greengrocers and fishmongers, freshness 
and good quality of the provisions, and punctuality 
in their delivery are two most important points of 
recommendation. It. is annoying to have a dinner 
spoilt by the non-arrival of a joint or poultry, or to 
receive it in an uneatable condition. 

Knowledge of the chemistry of foods is of great 
value, since on it depends the making of dietaries 
and the planning of good menus — good in the 
sense that the dishes supply the right amount of 
llesh and fat- producing foods required to keep the 
body in a healthy and well-nourished condition. 

| Sec Physiology and Health.] 

Knowledge of How and When to Buy. 
Conservatism in diet is the great stumbling-block of 
English housekeepers, who fail to realise the great 
importance of ringing the changes on available food 
supplies. Our versatile neighbours across the 
Channel lift their hands in dismay at the auto- 
matically recurring porridge, bacon, bread and 
butter, eggs, and again porridge, bacon, bread and 
butter, eggs, ypju" in, year out. Heat-producing 
porridge and fried bacon on a hot summer morning 
Hood digestion w r «its on appetite, yet how unap- 
petising are many of our meals. In hot summer 
weather why not try one of the following by way of a 
change : cod-fish balls, soft roe (bloater s) on toast, 
steamed apples and oatmeal, tomatoes and eggs, 
tomatoes and macaroni, dates and whipped cream, 
sliced bananas and cream, or ligs and hominy ? 

Some provisions are economical purchased in large 
quantities, providing, of course, that there is room 
in which to store them. Certainly those who manage 
hotels, boarding-houses, and institutions of various 
kinds should lay in stocks of potatoes, apples, onions, 
jmgar, tea, bacon, flour, rice, tapioca, pickles, dried 
herbs, and condiments ; these, together with jams, 
preserved fruits, and biscuits in tins, keep well in a 


dry and airy store-room or cupboard, and are less 
expensive purchased in bulk. 

Economical buying does not necessarily mean 
purchasing at a low price, since a cheap article is 
often the dearest in the end, but getting the best 
return for expenditure. The ability so to do is 
perfected by experience, but rests mainly on know- 
ledge, coin monsense, and forethought. 

The times when certain foods arc in season 
need to be known and tabulated for reference, for 
in this way the thrifty caterer keeps in touch with 
times and seasons, and runs no risk of paying fancy 
prices for articles nearly or quite out of date. 
Oysters will not he ordered in July, cauliflowers in 
December, pork in August, nor rabbits in May. 
[Sec Table of Provisions, page lf>31.] 

Economy and Cleanliness. A thousand 
and one economies are practised by good providers, 
who bear in mind the maxim, '* Waste not, want 
not.” There are various ways of using up odds and 
ends, especially in the ease of cold meat. For 
these the reader is referred to Cookery. 

Our French neighbours show their greater economy 
in cooking in a variety of ways. They utilise the 
head and feet of a fowl, the eyes of a lisii, the brains 
of a horse ; the last, in fact, appears in the dietary 
of an invalid. Thus, parts of an animal which we 
despise and throw away aid ill the production of 
tasty dishes. Then again, to what an extent are 
plants, some, of them regarded as weeds by us, 
used across the water. An excellent salad is there 
made from dandelions, and wood sorrel can be 
employed in the same way. Nasturtium leaves 
may be utilised for sandwiches, mountain-ash berries 
and hips for jam. young nettle leaves as a substitute 
for spinach, and maize for porridge. 

In planning menus, not only is a knowledge of 
the constituents of foods desirable, but also 
foresight in the ordering of provisions. To 
ensure this, daily visits of inspection should be 
paid to the store-room, so that any article running 
short may be renewed in time, and the cook will 
not suddenly discover that she wants potatoes, 
baking- powder, or pickles. 

There is no more certain road to failure for the 
restaurant or tea shop than want of cleanliness in 
either the preparation or serving of food. Cus- 
tomers will pass the door of a place which recalls 
unpleasant memories of smudgy plates and glasses, 
stray substances where they ought not to be, 
and tablecloths suggestive of microbes. 

Detection of Adulterated Food. A 
caterer should always be on the look-on t for 
adulteration in articles of food. Ten is much 
adulterated by intermixture with elm, beech, elder 
oak, willow, and hawthorn leaves, unscrupulous 
dealers not hesitating to mix dried or exhausted 
leaves with good ones; coffee is adulterated with 
mahogany sawdust or coloured beans, cocoa with 
starch, bread with potatoes and alum, and butter 
with mutton fat. Chicory may be detected by 
scattering a sample on cold water— the coffee, which 
contains oil, floats; the chicory sinks, leaving 
a coloured streak. Mustard is adulterated with 
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wheat or rice flour : to detect this the alleged 
mustard should be boiled and a few drops of tincture 
of iodine added. This will colour the flour blue. 
A short time ago a girl who was admitted to a 
London hospital was found to earn a living by making 
wooden seeds for raspberry iam. 

Good Accountancy. Daily provision for the 
needs of the family presents to the majority of people 
the most familiar aspect of catering. Partly in imita- 
tion of Continental ways, and partly to evade the 
domestic servant trouble, there is a growing ten- 
dency in cities to take all meals, except breakfast, 
at hotels and restaurants. In up-to-date West Knd 
flats a restaurant will be found on one of the floors, 
to which a lift conveys the residents with less exer- 
tion than is required to reach the dining-room of a 
country mansion. Such conditions are at present 
exceptional, however, and most housekeepers eater 
for their own families. Naturally, the cost per head 
per week depends on the style of living. For a family 
of over four people 15s. is a very usual allowance, 
and jjermits of good living ; 10s. would be enough 
for a nice table ; 8s. fid. provides a sufficiency, and, 
with careful management, (is. will obtain enough 
plain nourishing food : 17s. fid. to £1 should provide 
very good living. We are, of course, supposing 
normal conditions — efficient and economical manage- 
ment, average appetites, and markets which are 
easily accessible. 

The locality of the house considerably affects 
the weekly expenditure for food, a shop in a district 
catering only for wealthy customers charging pro- 
portionately high while another in a less fashionable 
neighbourhood lias a lower scale of charges for 
similar goods. 

Rules for the Household Caterer. 

The household caterer should hear in mind the 
following rules : 

1. Do your own marketing, and sec a thing before 
you buy it. Butchers have a little weakness for 
sending a larger joint than the one ordered. 

2. Pay cash, run no bills, and so get the best 
quality at the lowest price in addition to indepen- 
dence of custom. 

3. Study price-lists, and avoid cheapened foods. 

4. Buy foods in season. 

4. If possible, carry home your purchases, as 
Continental housewives do. They are seen early 
abroad carrying provision baskets, or followed by 
a maid doing so. 

5. Give plain, straightforward orders if you wish 
for good service. 

It is false economy to stint the members of the 
household of good, nourishing food, for the shillings 
so saved are apt to find their way into a doctor's 
pocket. The problem is to know what foods and 
what quantities are necessary to produce the maxi- 
mum efficiency of all the vital functions. Then, too, 
one man’s food is another man’s poison. Hggs arc 
positively injurious to some people ; sugar is neces- 
sary to children, and fat to thin persons. The diet 
of children should alter with their growth. Some 
^persons with quick digestions need a light meal 
every three hours, and may even require a relay 
of refreshments by the bedside. Hence there 
can be no hard-and-fast rules for dietaries, and home 
catering affords scope for intelligent study, obser- 
vation, and exj)Oriment. 

We now proceed to discuss catering for the 
public in various ways, beginning with the humble 
sphere of the street vendor. 

Street HawKers. A familiar feature of 
fmburban life is the barrow on which fish, vegetables, 
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fruit, ice-cream, mineral waters, potatoes, or chest- 
nuts are hawked about. In the unfashionable dis- 
tricts of a city the street seller can. for a few shillings, 
lay in a stock of his wares, and if he be a capable 
buyer and secure a good pitch, may in his limited 
line prove a formidable rival to a neighbouring 
fruiterer, who has rent to pay, w r hile the coster- 
monger either owns his barrow or hires it for a 
small consideration. The man is usually aided by 
his wife or (laughter, and gets regular customers on 
his rounds. He must be early at the market — Covent 
Garden or Billingsgate, and, as he is out in all 
weathers, has a rougher life than his brother 
in the' sunny climes of the South, where street sellers 
are ubiquitous. 

Villages have usually some kind of ginger-beer 
shop — where ginger-beer or lemonade is bought at 
Pd. a dozen and sold at Is. fid. — or a small inn as 
the only place offering refreshment to the wayfarer; 
and usually the food, surroundings, and charges arc 
anything but satisfactory. Owing to the increase* 
of cyclists and motorists, there is a good oppor- 
tunity for women to start tea-rooms catering for 
such customers, preferably near villages or small 
towns. 

Country Tea Cottages. An attractive 
cottage on a high-road, say, along the Thames 
Valley, would answer the purpose, provided it had 
a garden with flowers and a few shady trees in 
front, under which afternoon tea could be attrac- 
tively set on small tables. A legible and artistically- 
painted sign board, indicating that refreshments 
or teas are there provided, should be placed in 
a prominent position. To make such a venture, a 
capital of a few pounds ; s wanted to buy tables, 
chairs, table-linen, crockery, and cutlery: but in 
order to insure, success and pocket £30 to £50 
profits, spotless u apery, dainty tables, prompt 
service, good bread (preferably home-made), butter, 
cakes, jam, cream, and tea or coffee are required. 
Home - made lemonade is always appreciated. 
Mustard and cress and salad from the garden, 
eggs from a poultry run at the back, watercress 
from a neighbouring stream, and home-made 
preserves might go to increase the profits as extras. 
Necessarily, a room or sited should be available 
in bad weather. Cyclists and motorists prefer ;i 
dainty tea costing about Is., nicely served in 
pleasant surroundings, to that obtainable in a stuffy 
inn, and would probably recommend it to friends. 
Undoubtedly a demand for such refreshment 
places exists, and to two or three practical girN 
desirous of adding to a limited income such a 
scheme presents possibilities 

Confectioners and Bakers. Apart from 
the regular business of the baker and confectioner, 
refreshments are provided in their shops. Tens for 
fid. or 8d. (including tea, two slices of bread-and- 
butter, one cake or pastry) would cost about 3d., 
yielding half profits. Tea, bread-and-butter, cake, 
jam, with lettuce or watercress supplied ad libitum, 
for Is. would prove very profitable. Ice-creams 
give a full half profit or more, such as sell at 0d. 
costing a little over 2d. Milk-and-soda, home-made 
lemonade and sweets are specialities which can be 
made to pay well. Some women who have had a small 
confectioner’s business and have made a modest 
beginning by “ obliging with a cup of tea,” do quite 
a large business in lunches, teas, and breakfasts. 
Outside catering for supper parties, afternoon 
weddings, At-homes, musical parties, Cinderella 
dances, conversaziones, and children’s parties, is 
a natural offshoot, and usually yields somewhat 
less than half profits. 
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Charges for Parties and Dances. We 

here give arrangements, menu, and charges for 
such entertainments, as furnished by a suburban 
confectioner : 

Charge h : 50 guests, 3s. fid. per head : all over 50, 
each person, 3s. 3d. 100 guests, 3s. per head ; all 

over 100, each person, 2s. fid. 150 guests, 2s. 9d. per 
head ; all over 150, each person, 2s. 3d. 

Menu : Tea, coffee, white bread-and-butter. 

Ices : Strawberry cream, vanilla cream, lemon, 
water (others if required). 

Iced drinks : Lemonade, claret cup, mineral 
waters. 

Cakes : Madeira, pound, cherry, etc. 

Biscuits of various kinds, macaroons. 

Fancy pastry of various kinds. 

Assiettes of sandwiches: Jlam, tongue, eggs, and 
cress, etc. 

Lobster and oyster patties, etc. 

Lemon jellies, strawberry cream, meringues, 
tipsy cake. 

Dessert (in season). 

For suppers : Consomme sou]) (on departure). 

This includes use of all plate, glass, china, buffet 
tabling, silver urns and candelabra, and plants in 
silver pots. The services of waiters and waitresses 
are also included. Dishes left over arc returned. 

Ball suppers can be provided in an hotel at 5s. 
per head per 100 guests. 

For a £1 menu would be provided sandwiches, 
honed turkey or bird, mince-pies, sweets ( jellies, 
blancmange, creams), fruit, lemonade. Waitresses 
in this case are charged for at 10s. or more, 
according to contract. 

In the case of wedding breakfasts, the bride's 
cake is, of course, not included. At a good hotel 
a wedding breakfast can be provided at 15s.. 17s. fid., 
£1 Is., or £1 5s., according to the menu. Such 
entertainments are, however, since the extension 
of the hour of the marriage service from 12 to 3 o'clock 
being superseded by the more desirable wedding tea, 
which not only permits a larger number of guests, 
but may be served in the garden. 

The charge per head for school treats ranges from 
Id. to 9d., the latter sum providing tea, bread-and- 
butter, cake, and jam. Lunch for teachers and visitors 
at school treats is supplied at Is. fid. to 2s. a head. 

Occasionally a confectioner's shop is situated near 
some public ground or park, where cricket and foot- 
ball matches, llower shows, and fetes are held. This 
is an opportunity for the confectioner to supply 
tea, bread-and-butter, cake, jam, with lettuce 
or watercress ad libitum for Is. Large cricket 
and tennis clubs run their own refreshment -rooms 
in the club buildings, and make considerable profit 
thereby in the season. 

Large hotels have ample accommodation for 
dinners, wedding receptions, and ball suppers. 
When rooms are not specially built for the last 
purpose, the coffee and billiard-rooms may be 
utilised, the coffee-room for dancing, and the 
billiard-room as a buffet. 

London Tea-shops. To give an adequate 
account of London tea-rooms and restaurants is a 
gigantic task. The “ London Directory” gives a list 
of 414 refreshment-rooms, 762 dining-rooms, and 
1,712 coffee-rooms, making a total of 2,888 eating- 
houses. Allowing each 200 customers a day gives a 
total of 600,000 meals, probably only a small portion 
of those actually supplied. Time was when the City 
man regularly took up to town a tin of sand- 
wiches for his lunch ; now establishments of the 
Aerated Bread Co,, Ltd., J. Lyons & Co., Ltd., 
Slaters, Ltd., the Cabins, Ltd., the British Restau- 


rant, Ltd., and others are found east, and west, 
north and south. At such places a cup of tea or 
coffee costs 2d. or 3d. : roll and butter or cut 
bread-and-butter, 2d ; cake or pastries. Id. or 2d. 
According to the “Stock Exchange Year Book” for 
1906, the follow ing dividends were issued in 1904-5: 
J. Lyons & Co., Ltd., 30 per cent. ; Aerated Broad 
Co., Ltd., 0s. Od. ; Slaters, Ltd., 16 per cent. ; 
Express Dairy Co., Ltd., 2£ per cent, for the half- 
ycar ending in August, 1905. 

Artistically decorated tea-rooms of a higher grade 
are increasing in the West. End, and are used as 
lounges. The large stores and drapery establish- 
ments have found it necessary to attach tea-rooms 
for their exhausted customers. 

Restaurants. The successful restaurant of 
the present day must not only provide a lunch or 
dinner daintily served and well cooked, but it must 
be eaten in an artistically decorated room, with 
smoking, card, and chess-rooms attached. The 
restaurant of the future promises to be very luxuri- 
ous, containing bath-room, reading-room, and hair- 
dresser's — a place, in fact, where the whole day 
may be spent. 

The custom of giving dinners and supper parties 
at restaurants and hotels instead of at home is on 
the increase, partly due to the saving of trouble 
and also to lack of space in flats and difficulty of 
getting reliable domestic help. 

For the benefit of those who dine a la carte, it is 
usual for a restaurant to display at the entrance 
the menu for the day, with the price of each dish ; 
thus the City youth can estimate to a penny the 
cost of his meal — say, fid. for meat or fish, 2d. for 
vegetables, 3d. for pudding, and Id. the waitress. 
The last item runs to Id. in the shilling, or 2d. in 
the shilling in high-class places. In the same 
restaurant luncheon a table, d'hote at a charge of 
Is. fid. (four courses) is common, ranging elsewhere 
up to 3s. or 3s. fid. There is good scope for a shilling 
table d’hote lunch, and it has recently been started 
as an experiment by Ihc Aerated Bread Company, 
a typical menu including green-pea soup or fried 
turbot ; roust beef, stewed rabbit or cold meats ; 
potatoes, sprouts; rice pudding and prunes, or 
cheese and celery. With such a lilx .al menu, the 
portions cannot, of course, be very ample. 

Let us examine (1) a City restaurant, established 

nearly thirty years, and (2) one of the modern type. 

The Old-established City Restau- 
rant- The restaurant we have in mind lunches, 
on the average, 400 people daily. The rental, 
rates and taxes amount from £600 to £700 per 
annum. The staff totals 30 persons — 18 in the 
kitchen, six waitresses, and six at the counter and 
cashier's desk. The wages in the kitchen are from 
,2s. to 20s. per week, with board and lodging if 
required. Waitresses get 5s. per week, with board 
and lodging, their total earnings, including tips, 
amounting to some 30s. a week. Their average 
hours are eleven a day. Once a w<*ok they get off at 
four, and once a mouth have Saturday free. There 
is an annual holiday of nine days in summer, four 
days at Easter, Christmas and Boxing Days, and all 
Hank holidays ; no Sunday work. The waitresses 
arc trained from the time they leave school, and 
remain for years, leaving usually to marry. The 
wife of the proprietor personally supervises the 
kitchens. The same tradesmen have been employed 
for some 27 years. Orders are sent them each night 
for the next day, and they quite understand that any 
inferior provisions would be returned ; hence the food 
is of excellent quality. Arrangements are also made 
with market salesmen. The kitchens are under- 
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ground, but the difficulty of ventilation has been 
removed by the use of Blackman ventilating fans. 
By means of two Ewart geysers, boiling water is 
obtained a minute after the gas is turned on. The 
kitchens are whitewashed three times a year, and 
the whole place is scrubbed down daily. One lift 
conveys the plate ordered, bearing a slip of paper 
initialled by the waitress through whom it was 
ordered, the other carrying down the empty plate. 
Broken food is given away. 

It will be evident that such a restaurant, eon- 
dueted in a homely fashion, has its own clientele, 
which needs careful working up. Let us now 
consider one managed on different lines. 

The Modern Restaurant. This restau- 
rant belongs to n limited company, is conducted by 
a lady manager, is open from 0.0 to 7.0, provides some 
300 lunches, and serves some 400 customers daily. 
Provisions are weighed and measured as they come 
in, and include 100 lb. of meat (Scotch beef. New' 
Zealand mutton, and English meat), IS lb. of fish. 
3 cwt. of potatoes, and other vegetables by the sack 
or dozen. There is no place for cold storage, blit 
supplies are obtained through provision merchants 
and contractors. The chef is English, foreign chefs 
having usually proved uncertain in temper, violent 
in language, and wasteful. The kitchen staff also 
includes two boys, who dean knives, perform pages’ 
duties, (‘lean brasses, and do most of the outside 
work, a general help, one girl for plates, and another 
for light washing up; also vegetable and pastry- 
cooks. The floors are scrubbed before 10.30, the 
whole premises and statT being ready for business 
by 11.30. 

The charges for table d'hote lunch are Is. Gd : 
a la carte — meat fid. or 8d., vegetables 2d., sweets 3d., 
bread Id., coffee 2d. Sixpenny teas provide 
one pot of tea, three slices of bread-and-butter, 
jam, marmalade, or watercress, and pastry or a 
piece of cake ; but they have not “ caught on.” 
the same articles ordered separately, and costing 
7d. in all, being preferred, so imperative is Dame 
Fashion. Exclusive of rent, gas, rates and taxes, 
the business returns half prolits. Tt lias been found 
by experience that a woman makes the most trust- 
worthy and efficient manager — that is, of course, 
provided that she has special qualifications for the 
work, and does not follow the bad example of the 
male manager in leaving his post at will and failing 
to check weight* and quantities. 

Work and Earnings of Waitresses. 
The waitresses include eight in the two main rooms, 
six in the dining-room, and two in the smoking- 
room, besides a cashier. A dressing-room is re- 
served for their use; their hours are 9.0 to 7.0 daily, 
and 9.0 to 3.0 on Saturdays, with one week’s holiday 
in summer. On arrival in the morning, they dust, 
spread fresh cloths, clean silver and cruets, and 
arrange the tables by 11.0. The charge of three 
tables wdth six customers at each is the portion of 
each girl. She takes her meals on the premises as 
opportunity offers. The wages are 0s. a week, and 
as 5s. a day represents the best harvest of tips, she 
depends mu inly on these. Earnings of £ l to £ 1 1 0s. a 
w'eek are exeept ionnl. By the w r ay, the announcement 
“No gratuities ” is misleading and unfair to the girls. 
A system which provides an insufficient living wage, 
and leaves it to the waitress to get what she can out 
of a customer, is a degrading and demoralising one. 
Waitresses are even known amongst one another as 
“penny girls” and *’ twopenny girls.” The non- 
tippers are called “ slopers.” Threepenny tips 


are things to be remembered, and experienced 
hands regard 2s. 6d. to 3s. Gd. in tips an average 
for a hard day’s work. It may be remarked here 
that some firms deduct from wages so much for 
breakages, whether done or not, make the waitresses 
provide their own uniform and pay for the washing 
of collars and cuffs. 

In our up-to-date restaurant the chef starts with 
a salary of 32s. a week, rising to GOs. a week, with 
a bonus of two guineas when the profits exceed a 
certain percentage. 

Methods of Ordering Provisions. One 

restaurant company runs its owm .shops — butcher V, 
dairy, etc. ; others send an agent to market. 
One has a distributing centre, where a staff of 
2,000 is engaged in cooking and preparing pro- 
visions to be distributed at the various depots, 
and where cakes, etc., are made during the night. 
It has its own buyers. Dairy produce is bought in 
the open market, and teas are obtained direct from 
India and China, and blended. Here the waitresses 
are paid 10s. a week and commission, and the annual 
holiday lasts from one to three weeks, according to 
the length of service. 

The various coffee-houses and vegetarian restau- 
rants claim a few’ words, since they are run 
on peculiar lines. The former are often dead 
failures, because they lack cleanliness and bright- 
ness. and thus instead of encouraging temperance 
drive would- he customers aw r ay. The latter are win- 
ning favour and increasing in number, for a well- 
managed and attractive place has a good prospect 
of success; one, with Oriental decorative w'ork, 
which makes a feature of Indian, American, and 
Italian dishes, and provides a table d'hote or a In 
carte lunch for Is. Gd., and dinner for 2s. Gd., i-. 
very popular. 

Coffee-stalls outside railway termini are open 
early in the morning for the late wayfarer or early 
worker. They supply a dieo of bread-and-butter 
for id. and a cup of coffee for the Mime sum, and 
are largely patronised by workmen who come up to 
the City in the early trains. 

Waiters and their Tips. The method 
of payment of waiters varies even more than 
that of waitresses. They may he paid ;i fixed 
wage and commission, a commission only, or max 
even pay for the privilege for working, recouping 
themselves entirely by tips. Such a livelihood 
is, of course, precarious, yet many find it profit- 
able. In high-class establishments in London 
they may earn from £150 to £200 a year. At 
a well-known West End restaurant, where thirty 
waiters are employed, they are at work early in th<- 
morning preparing the hors-d'oeuvre, go off duty 
till 5.30, return and work till 12.30. They an* 
foreigners, who usually have the advantage over 
English waiters in being W’ell trained and knoxving 
several languages. At this same restaurant an 
excellent dinner of eight courses is provided for 2->. 
As the proprietor remarked, success depends entirely 
upon one’s skill and knowledge of the business. 
One man, a few doors off, could not provide a 
similar dinner at 3s. Gd. In forty years he himself 
has reaped a fortune. As another instance of 
fortunes made in restaurants, one might quote the 
founder of “ u la mode Beef Dining-rooms.” 
established in Oraeeclmrch Street iii 1837 ; he left 
ft fortune of £40,000. 


As vegetarianism appears to be winning convert-., 
we shall probably before long be well supplied 
with restaurant* of this type. 

Continued 
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fMVINC to the removal of certain constituents of 
^ the soil by growing plants, the land will soon 
cease to yield full crons unless artificial means arc 
adopted to make good this loss. There are a large 
number of elements which are essential con- 
stituents of plant food, and Nature yields an abun- 
dant supply of most of these in the soil, air and rain. 
On the other hand, the elements potassium, phos- 
phorus and nitrogen are present either in insufficient 
quantity or in a form not readily available to the 
plant if large yields are required. Different plants 
require the addition of different constituents, and 
for all information dealing with the practical 
application of manures we must refer the student 
to the course on Agriculture. Wo are concerned 
here only with the fact that compounds of 
potassium, phosphorus and nitrogen are required 
which must be available to the plant, and we shall 
show whence they may be derived and what 
manufacturing processes they undergo to prepare 
them in a suitable state for application as manure. 

Potassium Salts. We have in our own 
country an ample supply of sodium compounds 
in the form of salt deposits, such as those in 
(Vshire and elsewhere, but we have no eorre- 
sponding potassium salts close to hand, and we 
are, like most other countries, largely dependent on 
supplies from Germany, and apparently we shall 
always be so. 

The rock salt deposits have been worked for 
w ry many years at Stassfurt, in Saxony, and about 
fO years ago deep borings were made to see if a 
better supply could be discovered, with the result 
that enormous quantities were found a thousand 
feet or more below’ the surface. Above the deposit 
termed the “ older rock salt,” were large (plant ities 
of saline substances which were originally thrown 
aside as useless and termed “ abratim salt,” as 
they had to be cleared away to get at the rock salt 
(German, abriiu men). It was not until some years 
later that jieople began to realise that these salts, 
containing large quantities of potassium, W'crc of 
far greater value than the rock salt itself, and that 
they would eventually constitute the greater part 
of the world’s supply of potassium compounds. 
Previous to this w r e were dependent for our supplies 
of potash on other sources, which did not, how- 
ever, yield a fraction of what is now produced 
at Stassfurt. 

The word potash is derived from “ pot ashes ” — 
that is to say, the ashes left in pots after the burning 
of wood. \Vood, like all vegetable matter, contains 
certain potassium salts which are left as potassium 
carbonate in the ash. 

Similarly, potassium salts are obtained from the 
residues of the beet sugar industry and kelp, certain 
varieties of sea- weed formerly much used in the 
manufacture of iodine. India also produces a 
certain quantity in the form of potassium nitrate ; 
l>ut all these sources together do not amount to 
more than 20,000 to 30,000 tons per annum, 
while the output of the Stassfurt beds amounts to 
3.000,000 to 4,000,000 tons. 

* G 


The Potash at Stassfurt. it- must not 
be supposed that chemically pure potash is found 
in the earth and simply has to be dug out in this 
condition. Not only do various salts of potash 
occur, such as the chloride, sulphate, etc., but they 
are found in combination or admixture with 
sodium and calcium salts. 

These salt beds , as they are called, were probably 
formed by the evaporation of the water of inland 
salt lakes, connected with the ocean by narrow' 
channels. As the water evaporated, it was replant'd 



t. SECTION SHOWING A STASSFURT POTASH MINE 


by fresh salt watei from the sea, so that the 
lakes eventually contained so much salt that it 
began to separate out on the bottom. We are able 
to follow the order in which the different salts 
were deposited, by a study of dee}) borings that 
have been made: the diagram [1J will help to 
explain this. 

The first to deposit, as being the least soluble, 
was anhydrous calcium sulphate, or kt anhydrite ” ; 
then came the very extensive deposit of older rock 
salt. This bed is 3,000 ft. thick, and is supposed 
to have taken 13.000 years to form. Above the rock 
salt came in order a number of combinations, or. 
rather, mixtures of different- salts in definite propor- 
tions : polyhalite, kiescrite, earnallite, kainito and 
sylvinite. Of these, earnallite, a double chloride of 
potassium and magnesium, KClMgCLGHgO, is the 
most important. Above this is a narrow layer of 
salt clay. Now’, clay is impervious to water, and 
the narrow layer formed a watertight roof to the 
potassium salts underneath. Had not clay been 
deposited, potassium salts would never have been 
found there, but would have been washed away long 
before by underground waters. On the lop of the 
salt clay is a deposit of anhydrite and rock salt, 
but no more potassium salts are found above ibis. 

It must not be thought that tho layers of salt 
deposits are as sharply separated from one another 
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as represented in the diagram ; their genera) 
position ih, however, as indicated, and after mining, 
the salts are roughly sorted out as far as possible 
before bringing them to the surface. Except in 
some cases where the potassium salts are used 
straightaway as manures, they have to undergo 
considerable purification before they are put on 
the market. This is effected entirely by wet 
processes. 

Concentration and Purification. The 

salts are separated by careful recrystallisation 
in large tanks, and extensive chemical works for 
this purpose have been built on the site of the 
mines. Carnal! *te is the chief source of potassium 
salts of commerce. It is treated in tanks with a 
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2 . DIAGRAM ILLUSTRATING THE CONSUMPTION 
OF POTASH SALTS IN THE BRITISH ISLES 


strong solution of magnesium chloride obtained 
in a previous operation. As potassium chloride 
is more soluble, the majority of this dissolves, and 
the residue left behind contains rock salt and 
kieserite (magnesium sulphate, MgS0 4 H 2 0). The 
soluble liquor containing the potassium salts 
is concentrated, and potassium chloride separates 
out, containing 2.5 to 30 per cent, of impurities. 
Many of these are removed by washing with cold 
water and a suitable process of roerystallisation, 
yielding eventually the pure chloride (or muriate) 
of potassium. 

Jxuiiiito, another of the naturally occurring 
minerals, is a mixed sulphate of the following com- 
position, K 2 S0 4 MgS() 4 MgCl 2 <>H 2 0, and is worked 
up to remove the chloride. The mixed sulphates of 
potash and magnesia may he worked up for the 
manufacture of pure sulphate of potash or sold 
straight away for manurial purposes. The per- 
\ centage of sulphate and chloride varies, but the 
potash is guaranteed 12*4 per cent. K 2 0. 

Potash in Agriculture Although the 
manufacture of pure potash salts for various 
industrial purposes is of very great importance, the 
larger proportion of salts brought to the surface is 
usen as manures after suitable treatment. In 
»ermany, the seat of production, potash salts are 
gene-ally used in the crude state, but it pays to 
purify or concentrate these salts destined for 
export. The consumption in Germany in 1905 
amounted to some 514 lb. (reckoned as pure 
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potash K 2 0) per 100 acres of arable land; whereas 
in England it was 114 lb., in Scotland 341 lb. and 
in the United States 58 lb. * The following is a list 
of the more important potassium compounds from 
Stass furt used as fertilisers in this country : 

Kainite, containing 12£ per cent, pure potash. 

90 |K»r cent, muriate of potash, containing 50 per 
cent, pure potash. 

80 per cent, sulphate of potash, containing 48 per 
cent, pure potash. 

Potash immure salts, a partially manufactured 
product, made in two grades, containing 20 
and 30 per cent, pure potash respectively. 

The varying proportions of pure potash contained 
in these “ potash salts ” is noteworthy, and should 
be taken into consideration by the agriculturist 
in determining the proportion of potash he intends 
putting on his land. In this country far more 
kainite is used than any other form of potash 
manure, something over 55,000 tons being imported 
into Great Britain in 1905, while muriate and 
sulphate of potash are in about equal favour. 
3,000 to 3,500 tons of each being imported 
during the same period, and 0,000 tons potash 
manure salts. The consumption of potash in 
agriculture in this country is graphically demon- 
strated in the accompanying diagram [2J. 

The percentage of potassium salts should always 
he expressed as pure potash, as the farmer may 
be led astray by the contents of potash being made 
to look more attractive by being stated, say, as 
sulphate of potash, one part of potash being 
equivalent to 1*85 parts of the sulphate. The 
reader is referred to the excellent Board of Agricul- 
ture leaflet No. 72, which will be sent post free 
and free of charge on application to the Secretary, 
Board of Agriculture, 4, AVhitehall Place, London, 
S.W. Letters of application so addressed need not 
be stamped. 

Phosphatic Manures. The raw materials 
for the manufacture of these fertilisers consist of 
tri-calcium ortho-phosphate, Ca„(P0 4 ) 2 , in various 
forms, such as apatite, phosphorites, phosphatic 
rocks, and eoprolites. The percentage of calcium 
phosphate contained in these substances varies con- 
siderably, Canadian phosphorite having 70 to 80 per 
cent., while phosphatic rock from districts on both 
sides of the Franco- Belgian frontier may contain as 
little as 20 per cent. The so-called “river” and 
“ land ” phosphates from South Carolina form one 
of the most important sources of supply, and carry 
50 to 00 per cent, of calcium phosphate. Ortho- 
phosphoric acid being a tribasic acid, forms 
three calcium salts, the tri-, di-, and mono-calcium 
phosphates. The naturally occurring tri-calcium 
salt is an insoluble compound, and therefore not 
easily available to the plant. For manurial purposes 
it is converted into one or other of the two salts. 

Of these, mono-calcium phosphate or “ superphos- 
phate,” is soluble in water and readily available. 
l)i-calcium phosphate, although sparingly soluble 
in water, dissolves more readily in organic acids, 
such as citric, and in neutral salts. It is, therefore, 
more available than would at first appear. 

Manufacturing Operations. For the J 
manufacture of superphosphate, the mineral is 
ground up and treated for two minutes with sul- 
phuric acid (chamber acid) in a lead-lined wooden 
tank provided with an agitator. The semi-fluid 
mass is then let down into a pit built of brickwork < 
or concrete where the hjeat developed in the reaction 
raises the temperature of the mass to over 100° €., 
and a good deal of noxious gas is given off. The 
calcium sulphate formed in the reaction combines 



APPLIED CHEMISTRY 

with the water to form a solid mass of plaster-of- solution with the addition of 10 e.r. of a sodium 

Paris, so that the whole sets, and is dug out with acetate solution. The liquid is heated nearly to 

pickaxes. The lumps are then reduced to powder boiling when nearing the end point of the titration, 

in suitable machinery. The estimation of the substance under examination 

The value of the superphosphate is based on the is carried out on a quantity of material containing 

percentage of “ soluble phosphates,” which will about the same amount of phosphoric acid, and 

average 23 to 27 per cent., but will naturally under similar conditions to the standardisation 

vary with the raw material, and may be as high as experiment. The sodium acetate solution men- 

43 per cent. Superphosphate containing as much as tioned above is made from 100 grammes sodium 

S7 per cent, soluble phosphate is obtained by Pack- acetate, 50 c.c. glacial acetic acid, making up to 

hard’s process, which consists in extracting the ] litre. 

soluble phosphate from the calcium sulphate with Nitrogenous Manures. In the republics 
water and concentrating the liquor with further of Chili and Peru are extensive desert tracts where 

quantities of mineral rich in calcium phosphate. In nothing grows but a little coarse grass round the 

this form superphosphate has considerable advan- margins of its salt pools. This is the Chili salt- 

rage over the ordinary brands, costing much less for petre district, whence sodium nitrate is exported 

carriage. in large quantities to Europe, to be used either in 

If the mineral is of poor quality, or otherwise un- chemical works or as a nitrogenous manure for the 

suitable for conversion into superphosphate, it may land. The deposits known as “ caliche " lie only a 

ho extracted with weak hydrochloric acid and then few feet below the* surface and vary in composition, 

precipitated with lime, chalk, or some waste pro- The main ingredients are sodium nitrate 20 |>cr 

duct, as calcium sulphydrate from alkali waste. In cent, or more, sodium chloride 50 per cent.., and 

this manner the so-called “precipitated phos- sodium sulphate 5 per cent., with smaller quantities 

phates ” are obtained, consisting of the “citrate of other salts, particularly sodium iodide. In eonsc- 

soluble ” di-calcium phosphate. quence of this it is one of the most valuable sources 

Bones, bone ash and basic slags arc all phos pha tic of iodine. Large quantities of sulphate of ammonia 

immures. Bones will vary in composition according {sec Acids and Alkalies] are also used as manure, 

to previous treatment [see Glues and Adhesives, It usually contains 24*5 per cent, ammonia, 

page 53571; they may be treated for the manu- Farmyard manure contains much nitrogen, and 
facture of “ superphosphate ” on the lines already also phosphates and potash. Guano, seaweed, and 

described, or merely ground up (bone meal). The fish manure are all nitrogenous, but contain, in 

ha^ie slag formed in tho Bessemer steel process addition, various proportions of phosphates and 

by the combination of lime with the phosphorus of potash. 

the iron, and containing 10 to 25 j>er cent. Nitrogen is often expressed as ammonia, but this 

of phosphoric acid (P 2 OJ has been largely used of need not deceive anyone if it be borne in mind that 

recent years as a phosphatic manure. The phosphoric 17 parts of ammonia are equivalent to 14 parts of 

aeid is not taken up by the soil unless the slag is nitrogen and 60 parts of sulphate of ammonia, 

finely ground, which is effected in ball mills [see The estimation of nitrates in Chili saltpetre is of 

Cement-Making, page 1583). The ground material considerable importance in the valuation of this 

should not leave more than 20 per cent, residue on a substance as a manure, and as it has not been 

sieve with 100 meshes to the lineal inch. In buying described under Chemical Analysis, we shall 

phosphatic manures the farmer must take the same consider it here. 

precautions as mentioned under Potash Salts : Lunge's Nitrometer. It is convenient 

1 12 11). of phosphoric acid yield 310 lb. of phosphate to introduce at this stage a. form of 

ol lime, so, to convert phosphoric aeid to phosphate n apparatus devLod by Professor Lunge 

•>f lime, multiply by 22. It looks more attractive | H and much used in analytical processes 

f «> see that a manure contains 20 per cent, of phos- ■ c] where a gas is evohed and has to 

phates as against 12 per cent, of phosphoric aeid. be measured. Jt consists of two glass 

but, as a matter of fact, these proportions are j tubes [3], a graduated “ measuring 

equivalent, both manures containing the same I ' tube,” A, and a plain “compensating 

quantity of the active ingredient. [See Board of tube,” B. Both tubes are connected 

Agriculture leuffet No. 72, already referred to.J together at the bottom by a strong 

Estimation of Phosphates. Calcium and piece of rubber tubing securely “ wired” 

•Magnesium phosphates present in phosphatic /s a on. The tube A at the top is fitted 

•Manures may be rapidly estimated by a volumetric with, a stopcock, E, doubly bored with 

process [see also Analytic Chemistry, page 4403]. slanting holes, so that the space in the 

Cranium salts react with phosphates to give a tube may be connected either with the 

yellow precipitate of uranium phosphate. The lira- cup C or the outlet tube D, according 

nium solution — say, uranium acetate — is added from to which way the cock is turned. Mer- 
it burette until a drop of the liquid gives a brown cury is poured into the limb B till it 

‘■olour with a freshly-prepared, dilute ferrocyanide I about two-thirds tills both tubes, the 

■'olution on a porcelain tile. The brown precipitate ' cock E being set- so that the interior of 

consists of uranium ferrocyanide and shows that the \ A is in communication with tho air 

nhmdard uranium solution is in excess. outside. The whole apparatus is sup- 

The standard uranium acetate is prepared by ( ported on a suitable stand, which allows 

dissolving 33 grammes with 23 c.c glacial | f the tube B to bo raised or lowered 

acetic acid, and making up to 1 litre. This is \ J independently of A. On raising B the 

approximately equivalent to *005 gramme P 5 O 0 v ' mercury will flow out of it into the 

* . c,c * 1* is accurately standardised against a 3 LUNGE ’ S tube A — in other words, the mercury 

Caution prepared by dissolving 5 grammes of calcium v rTnnw J VR will rise in A, driving out the air 
Vlinapkate, Ca a (P0 4 )„ suitably purified, in dilute through the cock. On shutting the cock 

HOI. and malting up to 1 litre. The “phosphate as soon as A is full of mercury, no air can be drawn in, 
ydue ” of the uranium solution is then accurately even although the mercury in A tends to sink by the 

determined by titrating 50 c.c, of the phosphate action of gravity on lowering B again to its former 
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position. On connecting I) with the vessel contain ing 
the gas to be examined and carefully opening the cock 
in the reverse direction to that shown in 3, the 
mercury in A will sink, drawing the gas in with 
it. On shutting the cock and adjusting the 
tube B until the level of the mercury in both 
limbs is tin* same, we can now read off the 
volume of the gas we are about to examine 
at the temperature and pressure of the atmo- 
sphere. [For the influence of temperature and 
pressure on the volume of a gas, see course on 
Physics.] 

Operating the Instrument. We now, 
perhaps, require to bring the gas into contact with 
a liquid which will absorb one of its constituents 
without affecting the others. Suppose our measured 
volume of gas to he a mixture of air and carbon 
dioxide, and that we wish to determine in what pro- 
portions they are present. Pour into the cup C a small 
quantity of strong caustic soda solution, then lower 
the tube B, and by carefully turning the cock to the 
position shown in 3 allow some of the caustic 
liquor to be drawn into the tube A, being careful 
to shut the cock before any air is sucked in. Gently 
agitato tho liquid and gas in A, by raising and 
lowering B, thereby compressing and expanding 
tho gas in A and covering the interior walls with a 
thin layer of caustic liquor, and so exposing fresh sur- 
faces to tho action of the gas. The measuring tube 
may also be undamped if necessary, and the mer- 
cury shaken up with the caustic liquor and gas, 
but this operation requires care. When the action 
is believed to be complete, adjust the levels in the 
two tubes again, and read off the volume of tho 
gas, which will now be smaller than it previously was 
by the volume of dioxide absorbed. Gentle agitation 
of liquid and gas should be repeated, and on again 
measuring the volume the same figures should be 
obtained as before, showing that absorption of the 
carbon dioxide gas was complete. 

Nitrates. Salts of nitric acid arc decomposed 
with strong sulphuric acid, when a mixture of the 
two are shaken with mercury, the whole of the 
nitrogen being converted into nitric oxide, NO. 
All that is necessary is to carry out this opera- 
tion in the nitrometer just described, and to 
measure the volume of the gas in order to deter- 
mine the amount of nitric acid (N a 0 ft ) in the 
substance analysed. 

Proceed as follows : Weigh out such a quantity 
of the substance that tho gas evolved will be easily 
contained in the graduated portion of the tube. 
To obtain an idea w hat quantity this will be, it may 
be stated that every cubic centimetre of NO evolved 
corresponds to 2*4 milligrammes of N„O a , so that '38 
gramme of sodium nitrate or 45 gramme of potassium 
nitrate will yield 100 c.c. of gas. Run the mercury 
up tho tube A until it passes through the cock E 
and just begins to enter the cup C. Close the cock, 
and place the weighed substance in the cup, with a 
small quantity of water to dissolve it. By lowering 
tube B, and gently opening the cock, draw the liquid 
on to the top of the mercury in A, but be careful to 
see that no air enters. Add a little more water 
to wash out the cup, and draw this into the measur- 
ing tube. 1 or 2 e.c. of water should suffice 
to get the whole of the substance into tho tube. 
Then pour 15 or 20 c.c. of pure strong sulphuric acid 
into the cup, and draw this into the measuring tube, 
close the cock, and, unclamping the tube A, shake 
vigorously the mixture of liquids at the top so that 
the surface of the mercury is broken up into globules, 
which mix in with the acid. Sot aside ono hour 


to stand, then adjust height of mercury in both 
tubes, and read off the volume of gas, from which may 
be calculated the percentage of nitric acid on the 
basis of the figures already given. Allowance must 
be made for the fact that sulphuric acid is not so 
dense as mercury, and requires a column six and a 
half times as high as the latter if both are to balance. 

Other Uses of the Nitrometer. This 
instrument can be used for estimating nitrites as 
well as nitrates, each cubic centimetre of NO being 
equivalent to 1*7 milligrammes of N a O ft . It is also 
used a good deal for measuring the total nitrogen 
in “ nitrous vitriol ” [see Sulphuric Acid, page 4827 ] ; 
also for the estimation of urea and ammonium salts. 
This requires a little further explanation. Instead 
of using sulphuric acid to effect the decomposition, 
its place iH taken by a strong solution of sodium 
hypobromite, which liberates all the nitrogen, 
whether in urea or ammonium salts, in the form of 
the gaseous element itself : 

00(NH a ), -h 3Na BrO =CO a 4- N, + 2II.0 -I 3NaBr. 

Every cubic centimetre of nitrogen is equivalent 
to *002952 gramme of urea. In addition to these the 
nitrometer can be used for the estimation of nitrates 
ami nitrites in water and in a number of other 
analyses which would lead too far to go into here. 

Nitrogen from the Air. The atmosphere 
surrounding us contains roughly four-fifths of its 
weight of nitrogen. We have, therefore, an in- 
exhaustible supply of nitrogen, if only an economical 
method could be found for converting it into nitrates 
or other nitrogenous compounds suitable for manure. 

The manufacture of compounds of nitrogen from 
the air by electrical processes lias recently made 
great advances. Two processes are working on a fairly 
large scale; one of them converts the nitrogen into 
basic calcium nitrate, and in the other the nitrogen 
is obtained in the form of cyanamide. Both these 
substances are said to be suitable for direct applica- 
tion to the land. 

The cyanamide process is due to Drs. Frank and 
Caro. It consists in passing nitrogen over calcium 
carbide heated to a high temperature. The sub- 
stance obtained has the formula CaCN 2 . Calcium 
carbide is at present manufactured in considerable 
(plan ti ties for the production of acetylene gas for 
lighting purposes. The nitrogen is obtained from 
the air bv liquefying it and distilling the liquid. The 
second method is merely a manufacturing adaptation 
of the observations originally made by Cavendish 
(1784), who found that nitrogen and oxygen combine 
slowly to form oxides of nitrogen under the action 
of electric discharges. The conditions applied in 
practice depend upon the fact that “ the yield is 
notably increased when the electrodes are placed in 
a narrow part of the chamber in which the reaction 
takes place, in order to submit the whole of the gas 
to the action of the electric energy, and to draw off 
as rapidly as possible the gases which have been 
subjected to this action.” (Guye.) 

Experiments are in prograss or small plan Is 
erected for working this process in Norway (Eyde & 
Birkeland), at Freiberg in Switzerland (Kowalski s 
method), and at Niagara Falls (Bradley-Lovejov 
method). The gases obtained in the arc furnace 
chamber contain 1 to 2 per cent, by volume 
of nitric oxide, the remaining 98 per cent, or so 
consisting of inert gases. The problem of separating 
this large dead weight of inert gas economically j s 
no easy one. By cooling the nitric oxide gas, it i* 
converted into N 2 0 3 and N 9 0 4 , which, by reaction 
with water and an alkaline solution such as linn' 
water, yield nitrate of lime. 
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1UANV of those who have followed the course on 
Mechanical Engineering, and who. perhaps, 
have approached the subject for the first time, 
may have received the impression that, when* 
so large a number of departments and highly 
technical subjects are involved, there must bo 
inevitable isolation from one another. Tt seems a 
far cry from moulding to machine tools, from 
pattern-making to metal-turning, from milling to 
forging, from the work of the draughtsman to that 
of the boilermaker and plater. That is true in 
one sense. Rut we want now to show in a final 
article the unity of engineering practice, the under- 
lying and essential relations which exist between 
trades and subjects so diverse. We shall show how 
the heterogeneous and extensive elements make up 
an organic, unified system, with all of which the true 
engineer must be familiar. We ask our readers, 
therefore, to accompany us through a few typical 
engineers' works, and to see how the great organisa- 
tion is laid out and carried on. Then we shall 
f-ce in what manner the requisite training is ob- 
tained. and how the ambitious youth is started on 
his enthusiastic career. For there is little chance 
of high success in engineering for those who have 
no love for the pursuit. 

Machines anil appliance < are found in every 
department of engineering without exception, and 
are much more numerous in sonic than in others, 
Imt arc nevertheless ubiquitous. They are the 
key to economic production, for success or failure 
in general depends more, largely at the present 
time on the utilisation of the most suitable machines 
out of several possible than on any other single 
factor. And the secret of successful organisation 
L to so arrange these machines and appliances, 
and the several shops and departments in which 
they are located, in the manner which is best 
calculated to ensure their most economical opera- 
tion from the point of view of output. And these 
questions of arrangement, location, organisation, 
it must he remembered, lies wholly outside that 
of the selection of the machines and methods most 
suitable to produce given results on individual 
pieces of work. 

The Units. A modern engineer's factory, 
employing a small army of men, ranging from, say, 
•‘>00 upwards to 2,000 or 3,000, spread over several 
ures of ground, containing a number of different 
''hops [see page 2108 j, with appliances, tools 
nid machines that number some thousands, 
requires good generalship. Every shop and every 
sub-department of the works is a unit distinct and 
separate in itself, a little world of its owm, a com. 
plcte microcosm. But it is, nevertheless, linked 
with every other shop and department in the vast 
works, and this is the point of view from which it 
has to be regarded in the offices. The work in 
every department must be kept moving relatively 
to that in every other, though the men in the 
various departments never intermix with or seldom 
j'Peak to those in other departments or have any 
knowledge of what is being done elsewhere than 


in their own. But the management knows, and 
has to regulate the progress and sequence of 
operations so that all the individual sections of 
machines and structures will come into the 
erecting, or assembling, or store, or shipping de- 
partment at the right time. This explains the 
apparent marvel of the erection of a bridge, or 
the building of a locomotive or a crane, or the 
equipment of a central station or a new factory in 
what seems an incredibly short space of time. It 
explains why n firm can turn out a complete engine 
every day, or a hundred sewing machines or 
typewriters in a week, and so on. The secret is 
arrangement, organisation, management, with all 
that is covered by those comprehensive terms. 
Let us consider these in turn. 

Arrangements. By the word arranycnimt 
is understood the laying out of the various 
isolated shops and the best method of linking 
them together. This matter, highly desirable 
though it is, has not received general attention 
until within the last ten years or so. Everyone 
who is at all familiar with factories can call 
to mind scores of old works laid out without 
any regard to economical inter-communication 
between the units — the shops. Upstairs and down 
stairs, and a shop here and another yonder, with 
nothing but rough, dusty, or muddy yard between, 
encumbered with the wasters and rubbish heaps of 
a generation — that is the old style, in which a 
vast amount of time, which is money, is wasted 
within and without the* shops in the mere hauling 
of heavy materials and work about by human 
muscle ; often, too, backwards and forwards over 
the same ground, or up and down old stairs. (Vntral 
control is largely lacking, and men do to a large 
extent what seems right in their own eyes. 

But the modern stylo is this — shops arranged 
in parallel or at right- angles, and located so 
that the cost of haulage is reduced to a minimum. 
The shops arc arranged as much as possible in the 
same sequence as that of the course of the work. 
Raw materials come in at one locality, and the 
work in its progress moves onwards towards the 
final departments in which it is delivered com- 
pleted. A system of narrow-gauge tracks — light 
ruilwuys — traverses the shops, and also connects 
all the shops, one with another adjacent. Turn- 
tables, and curves are fitted where necessary, and 
weighbridges lie in the course of the tracks at the 
place of entry and of delivery. Besides this, there 
is a system of hoisting apparatus in all the shops 
where heavy work is hauled — as in the foundry, 
the boiler shop, the turnery, and the machine and 
erecting shops. It comprises overhead travelling 
cranes spanning the entire width of a shop, and 
ranging anywhere between 5 tons and 100 tons 
capacity, varying with the mass of the w r ork to he 
handled. It comprises swinging jib cranes ranged 
along the walls, to command certain areas, to cover 
certain machine tools, or foundry areas, or a smiths’ 
forge, etc. It also includes overhead tracks for 
suspended hoists, which arc run along over the 
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floors, or machines, to deal with a class of work too 
heavy to be lifted by hand, yet not heavy enough to 
require the services of the big cranes and travellers. 
To operate these cranes and various machines 
there arc power installations. In a big modern 
factory there are generally four distinct power 
sets — steam, electricity, water, and compressed 
air. 

Steam Power. The steam power of a works 
is not used for driving machine tools directly 
to the extent that it was a few years since. Its 
principal functions now are the driving of shop 
shafting and the supply of power to the dynamos 
for driving and lighting. Many independent 
machines that were formerly steam-driven, such as 
punches and shears, now have motors fitted. Many 
cranes formerly actuated by steam have been 
thrown out to make way for electric cranes. There 
is still, however, in many works a. large number of 
machines and cranes that are steam-driven, besides 
the main shafting. The boilers generally used are 
of the Lancashire or (lalloway type, though in 
many recent plants water- tube boilers of Babcock 
and Wilcox, or similar type, have been installed in 
preference [see Prime Movers]. 

Electricity. Klcctrieity is without doubt the 
power agency which is destined to overshadow all 
others in factories, as elsewhere. Already many 
factories use electricity to drive shafting, or even 
abandon shafting for an individual motor drive to 
each machine. Cranes are driven thus, and even 
the lifting hook is being ousted in favour of the 
lifting magnet. Steam boilers and engines are 
required still, but the boilers that supply the nower 
house arc generally of water-tube type, ami the 
engines are of high speed or high rotative speed 
type, cou|)led directly to dynamos. 

The great advantage which the electric drive 
has over a system of steam pipes is the absolute 
flexibility of the electric conductor by com- 
parison with the rigid steam pipes, with the 
condensation of steam therein — always an ever- 
present trouble. Many cranes and machines 
nave their own independent boiler, but these 
are suitable only for out-door work, as in yards, 
being intolerable in closed shops. An incidental 
point in favour of electricity is that a plant is 
required to supply light in any modern works, 
and the same, or a duplicate plant, can be used 
for power. 

Water Power. There arc certain operations 
in which the power of water, used at a pressure 
whieh ranges between 750 lb. and 1,500 lb. per 
square inch, holds a place that seems to be secure 
against the rivalry of the other power agencies. 
Whenever massive forgings have to be squeezed 
and shaped, or large steel plates flanged or bent, 
or heavy moulding machines pressed, or other 
operations of this general character performed 
there is no agent so reliable as pressure water. 
All works, therefore, which do massive forging and 
boiler work, heavy moulding by machine, forcing 
•on of wheels over their axles, or machine riveting, 
must have a hydraulic pressure plant. This 
comprises engines and force pumps, accumulators 
and a Rystem of very strong pipes with special 
joints to convey the water to the various machines. 
Formerly the same power was often used for the 
heavier fixed cranes about a works, and is so still 
in numbers of cases. But in laying down new 
installations, preference is now given to electricity 
for crane service, retaining, however, the hydraulic 
system for the duties just now specified. 
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Compressed Air, Compressed air, the 
youngest of the power agents, is also one that 
is verv promising. Atmospheric air is com- 
pressed by a steam engine in a cylinder, usually 
to HO lb. per square inch for factory service, 
and delivered at that pressure into a receiver 
resembling a vertical boiler in external appear- 
ance, and thence delivered to hoisting machines, 
to machines for riveting, chipping, caulking, 
hammering, machine moulding, and much beside. 
In the early days of compressed air, difficulty 
was experienced consequent on the elasticity 
of the medium, which produced jerky movements, 
difficulties due to heating and condensation, 
to wear of the valves, and to other mechanical 
ietails. These have been overcome, and air- 
jperated tools and appliances are reliable. There 
is the objection to piping as in steam and water 
apply, but in some machines there is little rivalry 
ven with electricity in the field. In chipping. 
Hulking, hammering, sand blasting, compressed 
air has the field all to itself. The tiny engines 
and their mechanisms are marvels of design [see 
page 5455]. Only in light hoisting does electricity 
come into close rivalry with air, and that only 
s'nce air has spread itself over this promising field. 
Tn all overhead track systems, the rivalry now lies 
practically only between two kinds of hoisting 
machine-- the air-operated, and the electrically- 
driven travelling hoists. 

Grouping of Machines. The design of 
the shops, and the grouping of machines within 
the shops, should obviously be made to conduce to 
economies in output. The old style was, generally, 
storied buildings, because the old shops mostly 
grew 'up in the heart of cities. As businesses 
were of slow growth, and space was limited, make- 
shifts were unavoidable, and this explains why 
the older shops, even those of the leading firms, arc 
generally anything but modern in their arrange- 
ments. Heavy and light machines are grouped 
together instead of being separated, and upper 
floors are loaded with heavy machines that ought 
to be on the ground floor. In consequence of these 
difficulties many of the older firms have migrated 
to suburbs, built themselves new shops, and spread 
themselves out with room for future growth. 

Buildings. Factory buildings may be grouped 
under two classes — the single-floor build imr, 
and the storied building. The former is suited 
for heavy machinery and massive operations; flic 
latter for the lighter industries. The former is 
necessary in foundry work, forging, boiler-making, 
plating, bridge and girder work, in the construction 
of all massive machine tools, engines, cranes, and 
the heavier dynamos and motors. The latter is 
suitable for light brass work, as the manufacture 
of cocks, valves, gauges, pitch chains, and wheels, 
small mechanisms, sewing machines, typewriters, 
electrical apparatus, and so on. 

But in nearly all factories there are heavy and 
light departments. There are light machine tools, 
bench work, assembling, fitting. Hence, we find 
that most factories have work on the ground 
floor, and work on upper floors, heavy and light 
respectively. Hence, a common type of building 
is that with a wide central bay, clear up to the 
roof, flanked with side bays, each with an upper 
floor. Or alternatively, side galleries are erected 
in the main building, still leaving the central area 
open to the roof. For most engine work these arc 
the most approved arrangements. If the shops 
are so large that one bay is not sufficient, then the 
bays are simply r .peated : two, three, or more, all 
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alike* and running parallel with each other. It is 
not necessary to separate these with walls if they 
belong to a single shop, as a moulding floor or a 
machine shop, but the pillars which support the 
roof principals are the only essentials present. 
Thus, the view within these largo shops is simnly 
that of a very large rectangular area, with a lew 
rows of columns surmounted with girders erected 
to carry the roof principals. Each bay has 
its own separate . sets of overhead travellers, 
cranes, and floor tracks, the latter connected with 
the shops adjacent by turntables or curves. In 
these shops the heavy machines 

are grouped by themselves, and . ( ^ ^ j 

the light ones in a separate area. : 

Heavy lathes will occupy 

one department, where they - ^v- ^ =*•- re - 
call bo served with heavy r '~ : 

cranes, and light ones elsewhere ; : ; / 
and so of other machines, as gr nd- ;/ \/ 

ing, and gear cutting, and auto- 1 # Vf , 

matics, which are relegated to j | j 

distinct areas. In foundries the j I J i 

machine moulding department j Jt ! 

will be kept wholly apart from the j ft ji 

hand moulding. Floor work will | n ■ il 

be separate from bench moulding, ; ; i‘“T| 

loam from greensand, core mak- ; | | j j 

ing from moulding, etc. ! | | j 

Light. An essential in a shop | |JJ J i| 

is ample light, in which the old ! . j. HJj J 

shops were sadly deficient. A j \ j 

shop ojieii to the roof can be lit I ij |j 

from the roof without any win- j i 

dows at the sides, though it is . I ’ 

usual to include the latter. Aeon- ■ 1 || ij 

tinuous skylight is generally run \ j] j! 

along each side of the ridge. | \li |j 

The saw-tooth roof is becoming \ \'\ 

more common, the idea being li j 

borrowed from the weaving sheds. ''•? \ 

Here direct sunlight is avoided, !i 
yet there is ample illumination. ^ 
Ventilation. The pi incipks \ 

of ventilation and heating have \ 

been more honoured in t lie breach 
than in the observance. In \ 

modern works both are regarded, j ; \ 

In the floor shops, open to the ! • \ 

roof, a set of louvres along the \ 

ridge generally suffices for ventila 
lion. Jleating is more diflieull. V '- 


for extension endwise of the steel and iron foundries, 
and in a lesser proportion of the other shops. The 
relative areas of the shops may be noted, as they 
are fairly typical. The machine shop is by far 
the largest, as it usually is in most engineers’ works. 
It measures over 900 ft. in length, by 427 ft-, in 
width, and covers between nine and ten acres. 
This vast width is divided into five bays, not, 
however, separated by walls, but by columns which 
|>ermit of an unobstructed view. In fact, the 
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Heating by hot water on the low-pressure? 
system is becoming usual. Some systems 
now combine heating with ventilation 
in winter, and cooling with ventilation 
in summer, but these arc adopted only in 
« fi'W engineering establishments as yet. 1 . typical arrangement Of engineers’ works 
The altruistic aspect of tile factory is (British West in-house Electric and Manufacturing Co., Ltd.) 

regarded more commonly than of old. 

Adequate and suitable lavatory accommodation is buildings are steel skeleton-like structures on 

provided in many works, reading-rooms, libraries, which all the loads of roof and cranes are carried, 

and in a few instances technical schools, so that and the brickwork is merely a filling in to form 

the younger race enjoy much greater privileges walls. 

than their predecessors did. Every shop where heavy work is done is served 

Plans of Typical Work9. Figure 1 illus- by tracks, which total to about ton miles in length, 

trates one of the best laid out works in England, But then the area covered by the buildings amounts 

built at Trafford Park, Manchester, by the British to 30 acres. The tracks are not, as is usually 

Wcstingliouse Elrctrie and Manufacturing Co., the case in works, of 18 in. or 24 in. gauge, but 

Ltd. The parallel lay of tho shops, and the standard 4 ft. 8£ in. so that goods trains run into 

perfect intercommunication between them all. the shops when required to load or unload materials 

with the Cheshire railway lines, with tho road, and and manufactured goods. Where the tracks cross 

with the Bridgwater Canal are the noticeable at right angles, turntables, are used; elsewhero 

points in the plan arrangements. There is room curves of 200 ft. radius predominate. 
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The ground floor and the two- storey and galleried 
typos are represented here [sec the general 
cross section]. In the machine shop two of the 
bays are open to the roof, and three are two stories 
high. The lighter electrical work is done here, 
largely by girls. The foundries are open to the 
roof. The iron foundry is 000 ft. long by 1H0 ft. 
in width. The brass foundry is 170 ft. long by 
75 ft. wide. A number of powerful overhead 
travelling cranes serve the shops. These are 
indicated by the letters AA in the plan and gene- 
ral cross i-ection. Most, of them are of 50 tons 
power. 

Another excellent lay-out is shown in 2, that 
of the works of the British Thomson-Houston 
Co., Ltd., Rugby. Here, two systems of tracks 
are employed. There is the standard 4 ft. 8J in. 
in connection with the main line railway, and the 
“Hunt” system of narrow-gauge tracks serving 
the shops. The system is a most complete one, 
with turntables, crossovers, curves, switches. The 
drawing is self explanatory. 

Sections. Figure 3 gives a section through four 
hays of the machine shop of Kendall & Lent, Ltd. 
The two middle bays are open to the roof, the 
two flanking ones are two-storied buildings, and 
both the ground floor and the upper one carry light 
machines. The floor which seems to cover the 
middle bays is not so, but an end gallery only. 

The most approved method of supporting the 
roofs and the travelling cranes away from outer 
walls is here seen. Steel columns, lattice-braced, 
afford support to the roofs and the traveller run- 
ways, generally also to bearings for shafting. The 
columns leave free communication between bays. 
Tf a separation is required the spaces between the 
columns can be bricked in. But the brick filling 
carries no weight. This method is often adopted 
for outside walls. Steel columns carry the roof, 
and the spaces between them are bricked up. 

Organisation of a Works. This phrase 
signifies the system by which the work of the 
various shops and departments is executed. It 
includes the commercial and the mechanical 
side, two very distinct groups which are seldom 
controlled by the same chief, or the same staff. 
Each requires knowledge and experience of a 
totally different kind from that of the other. 
Financing and manufacturing are as opposite as 
the Foies, but both are essential to the successful 
conduct of a business. 

In the organisation of a factory, complete account 
has to be taken and recorded in the offices of all 
orders, the labour costs, the materials used, the prime 
costs duo to all charges and expenses, the interest 
on and depreciation of capital, and the value of 
the assets. This entails an immense commercial 
system altogether apart from the tasks of actual 
labour. Of late years much more attention has been 
paid to the details of cost -keeping than formerly, and 
this has been favoured by the growth of the simple 
card system in place of cumbrous account- books. 
The work of the shops has to be preceded by esti- 
\mates and tenders, by designs and drawings, after 
which the work is carried out under the supervision 
of managers and foremen. 

The Management of a Works. After a 
factory has been laid out and organised, the duties 
of the managers are supposed to proceed within 
specified limits. Latitude and initiative are allowed 
and often encouraged, but not such as would inter- 
fere with the general organisation laid down. Thus, 
a manager or foreman is perfectly free to use his 
judgment in regard to varying the methods which 
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have been hitherto adopted in the shop of which he 
has charge, but in doing so he must not interfere 
with those of another department that lies outside 
the sphere of his responsibility, and he must not do 
anything that would check the progress of the work. 
Any radical changes can emanate only from, or be 
sanctioned by, the general manager, or the managing 
director, who has supervision of the entire factory. 
Experience shows that undue interference with the 
heads of departments' is injudicious. The best 
results follow when a free hand is given, subject 
to the above-named necessary limitations ; to give 
a man responsibility, and to judge and pay him by 
results is the sure way of getting the best out of him. 

The Training of Engineers. The train- 
ing of engineers and craftsmen is a question 
around which much controversy has been aroused 
in connection with the growth of the technical 
schools, and the increase in the unemployed in our 
streets. 

The man who seeks succ ess, either in the conduct, 
of mechanical engineering works or in the practice of 
one of the separate crafts of the factory, can achieve 
it only by a combination of manual work and 
study. No man, however skilful he mays be, or 
however excellent his opportunities of acquiring 
knowledge and experience may have been, can 
neglect without serious loss the recorded experience 
of others. To test it, write articles or letters to a 
technical journal stating how' you have done certain 
pieces of work, and other renders will show you dil- 
feient,and perhaps better, ways of doing the same 
job. It is the same in visiting other shops, or in 
conversation with other men. The more you do in 
this way the less conceit will you have of your own 
acquirements. The greatest engineers are generally 
omniverous readers, and are discreetly modes! 

Technical Education. The technical 
education of the schools cannot be kept out of the 
subject we are considering. Though the old engineers 
did without it, they would nevertheless have been 
spared many initial difficulties could they have stated 
them to a qualified teacher. The present danger is 
lest the place of technical training should be over- 
rated. It must not Le regarded as a kid-gloved, 
genteel devi e for creeping into engineering by 
avoidance of hard work. In that way lies certain 
failure. Successful engineering is not to be achiever! 
by the cramming of facts from books and teachers. 
Facts, like tools, are of no value unless skill in their 
employment is acquired, and that is what the youth 
gathers in the shops. Hence the proper place of 
technical education is as an aid to the shops, not 
preceding or following, but sandwiched in with shot) 
practice. But here the difficulty arises, because there 
is only one way to accomplish this — namely, to 
work in the shops in the day, and study at night ; 
or to spend six summer months in the shops, and a 
winter term in the schools alternately. Some 
exclaim that this is burning the candle at both ends. 
Yes; and any young man who, destitute of capital 
and influence, means to lise above the common 
ruck, must do so. The youth who gives his nights 
to dissipation, and turns up sleepy and silly in the 
morning, burns his candle thus ; then why should the 
yout h with noble ambitions grumble ? The life stories 
of the great engineers, in common with others, teem 
with records of men of whom it is literally true : 

“ But they, while their companions slept, were toiling 
upward in the night.” A passage in the “Life and 
litters of Lafcadio Hearn” applies exactly to 
the present subject. He says (vol. 2, page 164) : 

“ Science is difficult, reafiy difficult ; but every- 
thing worth having in this world is difficult to get 
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exactly in proportion to its valae. The only ques- 
tion, I think, should be, * What study will be 
most useful to mo all through life ? ’ but not 
whether it is difficult. What is important to 
know is always difficult to learn. And I would re- 


to study docs not seem very attractive. Perhaps not, 
from the purely utilitarian point of view. Yet of 
old it was said, ‘‘Is not the life more than meat? ” 
Though men may be poor, they can be of Nature’s 
nobility. “Men, my brothers, men the workers, 
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mind you of this. Hun- 
dreds of students leave 
the university without 
any real profession and 
without any practical 
ability to make them- 
selves useful. All cannot 
become teachers, or law- 
yers, or clerks. They 
become soshi, or they 
become officials, or they 
do nothing of any conse- 
quence. Their whole edu- 
cation has been of no real 
use to them because it 
has not been practical. 
Men can succeed in life 
only by their ability to do 
something, and three- 
fourths of the university 
students can do nothing. 
Their education has only 
been ornamental .” 

This expresses the 
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attitude of employers and managers. The first 
question a youth or man seeking a situation 
is asked is, “What can you do?” or, “What 
work have you been doing ? ” or, “ Where 
did you work last ? ” and not, “ What have 
you learned ? ” or “ What subjects have you 
studied ? ” The unemployed arc too often unem- 
ployable. They have passed through the Board 
schools, but liavp not learned how to do the work 
that the world wants. The hewer of wood and 
the drawer of water whose sole capital is brute 
force has been displaced by the tireless machine. 
But the supply of skilled men is not equal to the 
demand. 

Rewards. The question has often been asked, 
“ What return can a craftsman expect for a course 
of technical study ? ” It is truly pointed out that 
the majority of men must remain manual workers 
at moderate wages, so that to these the inducement 


ever learning something new.” And the working 
youth may learn to feel as keen an interest in 
literature in general and in the literature of his calling 
in particular as in kicking or batting a ball. Besides, 
who is to say beforehand of a young man that 
“ once a machinist, always a machinist ” ? Oppor- 
tunities for advance are always ottering in this 
world of rapid changes, but only those who are 
ready to fulfil the conditions demanded can avail 
themselves of the vacancies that offer. “ The 
readiness is all.” Moreover, the zest of life is not 
always felt so much in the success as in the struggles. 
There is joy in the battle, even though the final note 
of victory may not be heard. Therefore we say there 
is every reason why the youths in our shops should 
avail themselves gladly of all opportunities of 
increasing their knowledge by study, in season and 
out of season. Certainly, even if competence eludes 
their grasp, they will rarely be “ out of a job.” 



3. SECTION THROUGH MACHINE SHOP (Kendall and Gent, Ltd., Manchester) 
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Apprenticeship. In all departments of 
engineering the knowledge of the craftsman can be 
acquired only by apprenticeship, or its equivalent. 
By this is meant going through the same duties as 
those of the apprentice for a term of years, but 
without the indenture. That is how most of the lads 
are now trained. The difference is only in name, 
and in the fact that the period of tuition is termin- 
able on either side at a moment’s notice. This, 
however, happens only whon the relations prove 
unsatisfactory. The trade is learned just as in 
apprenticeship ; periods ranging from throe to five, or 
seven years are passed through, and wages are paid. 

Though this holds good of all the great depart- 
ments of engineering, exceptions are growing up. 
Apprenticeship or its equivalent is adopted in 
pattern- making, moulding, forging, boiler-making, 
plating, turning, fitting, and erecting, and to a 
limited extent in the machine shop. But in some 
departments of this shop and of others the growth 
of machines of some tyjjes lias had the effect of 
displacing skilled craftsmen. It is so in the practice 
of the automatic screw machines, of die forging, of 
moulding machines. These departments arc grow ing, 
but as yet they do not very seriously assail the 
position of the skilled craftsman. 

Articled Pupils. Articled pupil* are the so- 
called “gentlemen apprentices,’* who pay premiums 
ranging from £50 to £100 a year for the privileges 
of enjoying the training afforded by going tlirough 
the entire coursoof the works departments, including 
the drawing office. Sufficient know ledge is gathered 
in the shops for an intelligent understanding of the 
operations performed, without much manual skill. 
Many, however, do acquire a considerable amount 
of this. But the extent of the field which has to bo 
covered prevents a lengthy stay in any shop. The 
work of design gathered in l ho draw'ing office is of 
greater importance, and a good scientific and mathe- 
matical training are essential here. Pupils arc 
brought into intimate relationships with the prin 
oipals or the management, and so may learn much. 
They nro also sent out on contracts in charge of 
erections, and thus acquire practical knowledge. 
They also witness tests, and may have to assist at 
them. There are not wanting indications that 
pupilage may become an institution of the past, 
and apprenticeship on a broad basis take its place. 
That is so now in a fow r isolated w r orks, and it may 
be expected to extend. 

International Rivalry. A generation ago 
English engineers w r cre in the proud position of being 
able to ignore the trade rivalry of foreign nations. 
British machinery was in great demand, and British 
engineers and workmen were sent abroad to teach 
the foreigner how to design and build mechanisms. 
That state of things is past, and now many of our 
own shops are equipped extensively with machine 
tools of (ter man and American manufacture. The 
designs and systems also in use in thoso countries 
have been imitated here. The impress of American 
design is apparent in- many. British-mode tools for 
turning, planing, grinding, milling, gear cutting, 
mid measurement. Very often these tools 
aro much better, stiffer, stronger than their proto- 
types, but their development has been nevertheless 
clearly duo to American influence. Ten years 
ago the British firms began to wake up, and copy and 
improve; now they enter into rivalry with their 
teachers. It is the same in the lay-out of w'orks, 
and in the altruistic aspect of the provisions made 
for workmen. The modem types of works illus- 
trated in this article are an innovation, the first 
developments of which grew in America. The inter- 
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changeable system also, to which reference lias been 
frequently made in this course, is of American 
development. But it is now adopted in hundreds 
of British and Gennan firms, for Germany, like our- 
selves, has borrowed from America. 

Briefly, the issue now is that the three great 
manufacturing nations of the world have arrived 
at ft period of intense rivalry. In a lesser degree, 
though only by comparison, the same holds good 
of the engineering products of Belgium, France, 
Italy, and Switzerland. 

The Key to Success. Under these 
conditions the question of how to maintain a 
good industrial position — the time to talk of 
.supremacy is past — becomes one of national im- 
portance. Clearly the solution lies mainly in the 
training of a race of capable engineers and skilful 
and contented artisans. How best to do this is 
answered in different ways. In England and 
America it is done mostly by a practical training 
in the shops, through indentured or non-indentured 
apprenticeship ; and in the ease of articled pupils, 
of going tluough the works. In Germany, technical 
training occupies a large and essential place. 
Military service also is stated to exercise a steadying 
effect, and to engraft habits of obedience and pre- 
cision on five army of labour. The technical training 
is certainly reflected in the designs of many German 
machines in respect of the most economical dis- 
position of materials, though this is sometimes cut 
too finely. Putting it very broadly, the differences 
in English and German design may be stated thus: 
that experience largely controls the first, and 
mathematical calculations the second. The first 
savours distinctly of the shops, the second of the 
schools. The difference is reflected in the technical 
literature of the tw'o countries. English books 
aro mainly practical: w r o have no original works 
corresponding with those of ltculcaux. American 
mechanics aro not so hide-hound by the traditions 
of apprenticeship as the English are. The “one 
man one job” idea is not so rampant. Initiative 
is encouraged. Consequently 1 lie American has a 
chance if he is prepared to grasp it. His application 
is more intense, but he does not wear so long. 

Technical Literature. The technical 
literature of engineering is rapidly becoming eosmo 
politan. English journals arc read abroad. They 
take the highest rank. “Engineering ” and “The 
Engineer ” are very solid, reliable, and representa- 
tive, and aro second to none in the world. The 
“ Mechanical World ” is mainly a workman's paper, 
and is very practical. The “ American Machinist ” 
is now known nearly as well over here as in the States. 
Its name exactly expresses its scope. It caters for 
the men in the shops, and is written mainly by 
workmen for workmen. “Machinery** resembles 
it closely. “ Power ** caters for the engine buildeis 
and users. Engineering is treated popularly in 
two excellent monthlies, “Cassier’s Magazine,” 
and the “ Engineering Review.” The articles 
aro technically accurate, mostly written by experts, 
and up-to-date. There are, of course, other journals 
and magazines, but these are tho best. “ The Foun- 
dry ** (American) is devoted entirely to themou’dcr’s 
craft. “ Wood Craft ” treats of various woodwork, 
including pattern-making; this is also American. 
The German journal “ Zeitsohriffc des Vercine- 
deutscher Ingenicure” is the leading one in that 
country. Another excellent one devoted to machine 
tools is the “Zeitschrift fiir Werkzeugmaschinen 
und Werkzeug.” “Stahl und Eisen” deals with 
foundry and metallurgical work. The “Revue 
Industrielle v is one of the best French journals. 
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eer's Pocket Book,” by Kinnear Clark (Lockwood. 
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followed by Clock and Watch Making 
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TAILORS 

1V4UCH that we have said with regard to starting in 
A business as a clothier [page ] 89b] applies also to 

the tailor, especially with regard to the financial 
arrangements and the taking of the shop ; but on this 
latter point we may note that there is not the same 
demand for show windows in a tailoring business that 
there is in a clothier’s, though the drift of recent 
years has been to pay as much attention to the tailor 
windows as for any other trade. Still, the vast 
majority of tailoring establishments do not make 
a very large window display, being content to indi- 
cate their business, and place on view a few leading 
lines : and after all, window tickets and rolls of 
doth do not convey much idea of the finished gar- 
ment to the average customer. 

Capital. The capital required for a tailor to 
start business does not dilfer much from that 
of a clothier, for though ho seldom has to keep 
such a large stock, yet he has to pay for a large 
proportion of the goods he produces in prompt 
cash in the form of wages. It is often much more 
difficult for him to get ready money for his goods 
when they are completed. The terms of credit 
allowed by the woollen warehouses are generally 
of an easier character than the clothing houses, 
and in some case very long credit is given. It may, 
however, be taken for granted that the mail who 
has £200 to £250 may start in business as a tailor 
with every prospect of success if his general ability 
be equal to his cash. 

Shop Fitting. The fixtures may be of the 
simplest nature, just plain shelves, with turned bars 
to act as divisions. The shelves should be about 
18 to 20 in. apart. A counter not less than 30 in. 
high und about the same width should be arranged 
of convenient length. 

A private room should be provided for trying on, 
and in this there should he mirrors arranged so that 
both back and front views of the figure can be 
obtained if desired. The fittings of this room may be 
amplified to taste. There must, of course, be one or 
two chairs, but there may also be blocks for saddles, 
etc., which are especially useful in the case of riding 
garments ; a selection of framed fashion plates 
are also very useful here. A cutting table must 
be provided, and this should be of a substantial 
character, as it will be subjected to a good deal of 
hard wear; it Bhould be 30 to 36 in. wide, 33 
to 36 in. high, and if possible 10 ft. 6 in. long. The 
light should be sufficient for all practical purposes, 
but there is no need for that big blaze of light 
which characterises the premises of the clothier 
and draper, and which involves a heavy expense. 

Workshop. The tailor must decide whether he 
will have his garments made up in his own workshop 
or at the worker’s house ; there is no doubt that 
the former plan is the better, if it can be arranged. 


If he has a workshop on the premises, there should 
be a broad bench provided from 20 to 30 in. high 
for the men to sit on, a sewing machine with wide 
table, a stove for heating the irons (coal stoves are 
undoubtedly the cheapest), a selection of irons 
from 10 to 20 lb., sleeve-boards, duplex press 
hoards, iron stands, bowl, etc., etc. 

The light must, he arranged of sufficient ciuality 
and quantity for each worker to see well, and thero 
is no doubt that most journeymen tailors prefer 
the old hatswing gas burner to any other form of 
light. This is due mainly to prejudice, and those 
who have used the electric light prefer it. The 
best- workshops in London are provided with electric 
light. There must be rails and coat-hangers, stools or 
chairs for the machinist and any female workers, 
and a few other sundries which will suggest them- 
selves. 

Stock. Stock should consist of pieces or ends 
of such cloths as are in constant demand, as, 
for instance, a medium quality blue serge, black 
vicuna, etc., ten-yard lengths of hairline and neat 
pattern tweeds, for which there is a good sale, and 
for the rest a good variety of suit lengths (3 yd. 
double-width), trouser lengths (2£ yd. narrow 
width), coat and vest lengths (2 yd. double-width), 
and a few fancy waistcoat lengths ( j yd. narrow). 

The cloths purchased in this way should all 
be safe patterns, relying upon pattern hunches for 
those louder designs which are wanted only 
occasionally, and which are often very risky. In 
addition to a stock of cloth, a fair supply of trimmings 
will he necessary, and must include Italian cloth 
and silesia, two qualities in black, one quality in 
two or three shades each of grey, brown, drab, etc. ; 
linen in black, grey, brown, and whitey brown; 
canvas in two makes, French and tlax, in drab and 
black; interlining for vests — striped silesia or 
sateen in two or three qualities; a good assortment 
oft buttons in coat ami vest sizes — twice as many 
of the latter as of the former; trouser buttons 
with the name stamped on: buckles; and a good 
assortment of twist, silk, threads, cottons, etc. 
Special items of trimming can be obtained to order 
more economically than by stocking quantities. 

Side Lines. Many tailors keep an outfitting 
department, selling such articles as braces, ties, 
collars, shirts, studs, umbrellas, rugs, and bags. 
There are plenty of wholesale houses in the neigh- 
bourhood of Wood Street, London, that supply goods 
of this sort in suitable quantities; and as such goods 
yield a very fair profit, they arc generally worth 
stocking. It is^not necessary to keep a large stock of 
these, as anything not in stock can be obtained in a 
couple of days. On the other hand, if goods of 
this description are to be sold at all, they should 
be stocked in sufficient variety to meet the require- 
ments of customers. 
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Profit* The rate of profit c-liargecl must neces- 
sarily vary with the class of trade, for not only has 
the question of cash and credit to be considered, 
but also th° probability of the customer returning 
the garmmt for alterations. Let it be clearly 
understood that the majority of alterations are made 
to me?t customers’ whims, and arc by no means 
caused by the tailors fault. In calculating the 
cost charge for : *. «l. 

Materials, say . . 7 ft 

Trimmings . . in 

Making . . . . 5 ft 

Cutting .. 10 

111 0 cost price. 

Cor cash trade add 25 per 
cent, on returns : ... 4 0 

17 0 selling price. 

For credit trade add per cent, on returns, 
thus : s. il. 

12 0 net cost 

ft 0 profit 

18 0 selling price. 

For high-class credit trade, with many alterations, 
etc., add 50 per cent, on returns : 

s. cl. 

12 0 net cost 

12 0 protit 

£1 4 0 selling price. 

Now, the tailor must not imagine that the 
amount added to the nett cost is all going into his 
pocket as profit , for out of it has to bo paid the 
cost of alterations, working expenses, rent, etc.. 
In calculating profit it should always be done at 
so much per cent., and should always l»c on the 
returns— that is. the amount received - so that a 
business yielding a profit of 25 per cent, would ho 
making a gross profit of £25 out of every £100 
taken, and in order to do this the proportion added 
must be ono-third. 

Advertising. Tn advertising a tailoring 
business it is necessary to emphasise the fact that 
every effort will ho made to carry out the customers’ 
wishes ; that the talent employed in the cutting 
and fitting-rooms is such as will enable goods to be 
supplied that will lit and be stylish : that the 
materials sold aro reliable in both live and quality, 
and that the workmanship is such as will give good 
style and enable the garments to stand the test of 
wear. 

If it is intended to make a special lead of any 
department, then prominence should be given to 
it, and this is easily done by issuing charts jof 
fashions, which must, of course, portray the most 
up-to-date styles. Above all it must be borne in 
mind that while printer's ink is an excellent 
advertising medium, it is nevertheless far inferior 
to tho personal recommendation of a pleased 
customer, so that it should be the tailor’s aim at 
all times to send every customer away thoroughly 
pleased and satisfied. 

Judging Cloths. Unless he is to be very 
much at the mercy of those from whom he buj r s, the 
tailor must cultivate an independent judgment of 
the merits of cloths. The matter is one on which 
each has his own idoas, even if they be not the right 
ones. But, fortunately, it is well within the compass 
of anybody to assimilate a set of standards that 
will be helpful in arriving at a right understanding. 
It is out of the question here to deal with matters 
of styles, for fashion is constantly changing those. 
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A certain dominating trend of taste remains, 
which varies with localities and with classes of 
customers rather than with time, and these canons 
can be learned only by close observation in one’s 
own circumstances. The considerations governing 
one’s opinion of the relative value of goods and of the 
likelihood of their giving satisfaction to customers 
are more universal. It is true that no single test 
is perfectly conclusive ; it is for buyers to take 
one consideration with another and to deliver 
judgment on the balance of the evidence. They 
have to remem her also that price is not a fixed 
criterion. Owing partly to different systems of 
manufacture and partly to trade custom, different 
cloths of very different values in wear aro offered 
at approximately the same price'. 

Weight of Cloth. Weight is a major factor in 
determining a cloth’s value. Other things equal, a 
cloth weighing 22 oz. per yd. will cost more than 
another of 18 oz. In dealing with plain black and 
blue cloths, and keeping a sharp eye on the quality 
of the patterns compared, it is possible to i educe 
comparison to a simple calculation of so much 
per oz. per yd. That process does not hold 
good absolutely where the more complex cloths 
and fabrics of differing material are concerned. 
Yet it must always be of moment to observe that 
the weights either are or arc not in agreement. 
Jt becomes a question of ascertaining whether the 
quality is better or worse, and the feel, the so-ealled 
“ handle,” will tell much. Generally speaking, the 
softer and finer wools are the most costly, the 
harsher and coarser the cheaper. The natural 
handle of a wool fabric may be more or less falsified 
by its “ finish.” Manufacturers give a sharp or a 
soft finish as is required, doing so chiefly bv greater 
or less pressing between hot plates. Too smart a 
finish is not usually desired, and one of the advan- 
tages of having goods London shrunk ” is that 
any unnatural asperity is removed at the same 
time that the cloth is made unshrinkable. It goes 
without saying that all purchases should be made on 
the understanding that the cloths are shrunk fully. 

Analysing Cloth. Touch will tell whether tie* 
cloth’s structure is firm, and if it be flabby the 
probability is that garments from it will lose then 
shape quickly. Togo further into the problem of 
quality it will be necessary to attack a raw edge either 
wutli finger-nails or tweezers. The main components 
of the fabric are then exposed — the warp or length- 
wise threads, and the weft or crosswise threads. 
Holding short lengths of these yarns to the light 
and unrolling them under the fingers, one may see 
whether they are single threads, or twofold, or 
threefold. In most eases ” folded ” yarn is to be 
preferred for hard wear, and in most eases it is the 
more expensive. The detaching of a thread or 
two at right angles to each other will show’ whether 
the material is close-set, and with a “ piece-glass.” 
obtainable from opticians, the number of threads 
per half or whole inch in either direction may he 
counted. It is well to select a fabric with many 
threads in the w arp, and — by means detailed later — 
to see that these threads on which the greater 
strain is put are strong. Having isolated these 
bits of yarn it is possible to examine them further. 
If there is any suspicion that one of the threads is 
cotton, that point can be decided immediately by 
use of a flame. Cotton bums, and a flame applied 
to a cotton thread will creep in a bead along its 
length. Wool and silk, being animal products, 
swell and char under heat, and do not convey fire. 

The thread being wool, one proceeds to sec 
whether it is woollen or worsted. Fabrics wholly 



of the latter are liable to grow shiny in wear, 
although their general durability is excellent. 
]f the doth be woollen its threads will bo found 
matted one to another more closely than in worsted. 
And in unravelling the bit of yam it will be seen 
that in woollen the ultimate fibres lie criss-cross 
and that in worsted they run parallel with each 
other. Woollen yam is the vehicle for carrying 
any shoddy there may be present, hut to dis- 
criminate with absolute certainty between long 
shoddy and short wool baffles experts. Inferior 
shoddy is readily detected by the extreme shortness 
of the fibres, which crumble out as the yam is 
unrolled. In a similar fashion they work out and 
create fluff in wear, leaving the garment thinner 
and shabbier. In the best- woollens the fibres 
disclosed will be fairly uniform in length, neither 
very long nor very short, and of fine calibre. In 
the best worsted the filaments are very long, and 
by the fineness of their diameter the quality of 
the wool is to bo measured. The eye can discern 
these differences in dimension, although, expressed 
in fractions of an inch, the variation might seem 
infinitesimal. 

Testing Strength. Having compared the 
weight and build and components of two cloths, it 
falls to examine their strength. The Governments 
use apparatus to record the breaking strain of the 
fabrics they buy, but a rougher test is dependable. 
It emphatically is not the way to test strength to 
seize a raw edge and endeavour to tear it with all 
the might of one’s arms. The cloth should he held 
under the two thumbs, which ought to be pressed 
together above the clenched lists. A bursting strain 
is applied, for while pressing down with the thumbs 
the fists are edged away from each other to form an 
inverted V beneath. If it is possible to break the 
fabric in this way its strength is inferior. If it is 
possible to stretch or make the threads slip, the sign 
may not bo fatal although it cannot be thought 
advantageous. The force needs to be applied in two 
directions, to test warp as well as weft, and it is 
of high importance that the warp should bear 
such usage well. Otherwise, split trouser knees 
and elbows may be confidently foreseen. For the 
sake either of cheapness or to secure a soft surface, 
weft of no great resisting power is left to depend 
on a stronger warp in order to give satisfaction to 
Hie wearer. 

Wearing Qualities. These are not the only 
points to consider. Cloths may be examined to 
see whether they will wear through alike or whether 
their utility is over as soon as any portion of the face 
is done. Whenever wool is dear there is an irruption 
of ** backed” cloths with shoddy interiors which give 
nothing hut-weight and warmth. Apart even from 
the technical facts of cloth structure many members 
of the public are prejudiced against fabrics which 
have not both sides alike. It is readily possible to 
found too much on the observation that a cloth is 
opaque or reveals some interstices when held 
before a strong light. Density is an occasional 
source of discomfort in summer, although opaque 
fabrics are usually better protection against rain. 
Hygienists are of the belief that clothes, like 
houses, should be ventilated, and it is by no means 
impossible to combine all the textile virtues with 
a modified permeability to air. The fact, therefore, 
that- a cloth is porous, like the facts that it is thick 
° r thin, soft or hard, needs to be taken in its due 
i>erspective and not as a final indication by itself. 

Fashion brings into periodical vogue cloths 
with trailing hairs upon the surface. The ease 
with which these hairs may be dislodged with the 


fingers indicates fairly plainly how soon they may 
be expected to disappear in wear. There aro 
frictional tests of exactitude to apply to fabrics 
of a sort scarcely practicable by private linns or 
individuals. However, it will often bo of advan- 
tage to scrub the surface of cloth with a scrap of 
hard, white writing paper. An objectionable 
habit has grown up among manufacturers of recent 
years of “ grease-dyeing ” black and blue worsteds. 
To save an ounce of wool to the yard, an ounce of 
grease, is left in the fabric and this is betrayed by 
an oily smudge upon a piece of clean paper. In 
the case of cloth stated to be indigo dyed, and more 
especially if it be called wool-dyed indigo, the 
use of paper is again advisable. No blue colour is so 
permanent as indigo, but it has the inalienable paper 
defect of rubbing off. The more it marks the naper 
or the wearer’s linen collar blue the more probable 
is it that it is indigo, and wool-dyed indigo at that. 

Chemical Tests. To go further into proof 
of the presence either of grease or of indigo leads to a 
little mild chemistry. By means of benzene the 
amount of grease in a fabric might bo estimated 
accurately w ith a delicate pair of scales. Testing for 
indigo involves merely the use of a spot of nitric acid. 
If the effect of acid on the cloth is to turn the blue to 
lemon -yellow, around which a halo of green subse- 
quently appears, the presence of indigo is certain. If 
the blue t urn a deeper yellow with a rim of red, it may 
be concluded that the dye is alizarin and nearly 
blit not quite, as reliable as indigo. Further resort 
may be made to chemistry in assessing the value 
and composition of cloths. By boiling a piece 
in a strong solution of caustic soda you dissolve 
all its wool or silk and leave its cotton behind alone. 
Alternatively, by boiling the pattern in a 10 jnsr 
cent, solution of sulphuric acid in water, and by 
leaving it afterwards to dry in low heat, you char 
away its cotton, leaving only the wool. Those tests 
for wool are meaningless when applied to sound 
goods, although they expose in the most telling 
way the weakness of adulterated articles. For 
example, after extracting the wool from an “ all 
wool tweed ” at about a shilling the yard you may 
find 1)0 per cent, of cotton remaining. 

Colour of Cloths. Many other tests, chemical 
and physical, may he applied by men of leisure and of 
training. The retailer has hardly the opportunity to 
expose patterns to twelvemonths’ rain and sunshine, 
as some manufacturers do, upon boards hanging 
outside the mill. Yet lie has the opportunity to 
observe that certain colours are especially treach- 
erous. Browns, although they be dark, are not 
necessarily strong enough for the glare of a shop 
window. Slate shades, light bines, and greens are to 
be mistrusted, because in fading they leave muddy 
neutral hues behind. Care may be exercised in 
commending these to customers, in exposing those 
that may be in stock, and in buying further supplies.; 
On the whole there can be no question that the 1 
manufacturers and merchants who feed the private 
tailor with cloths are sincerely wishful to befit 
their goods to the purposes for which they arc 
intended. Tn using their cloths for other purposes, 
or in departing from the well-known channels of 
supply, the tailor especially needs to make full use 
of his best judgment. 

TELEPHONE CALL OFFICES 

Tobacconists, stationers, hairdressers, and, indeed, 
many other shopkeepers, can easily arrange — 
assuming that they are in suitable localities — to 
make the telephone a source of revenue. This 
remark applies with special force to London. Any 
shopkeeper in London may rent from the Post 
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Office or the National Telephone Company a con- 
nection on what is called tin* meAxagc rate. 

The subscriber agrees to pay £•*> per annum, and 
deposits 30s., which covers tlie cost of JffiO calls at 
a penny each. Subsequent calls are charged at 
the same rate, but 30s. per annum is the minimum 
amount for message fees. This rate applies to 
exchanges within the County of London, and the 
penny fee covers communications all over that 
area, as for instance, from a Central subscriber 
to a Hampstead or Western subscriber, or from 
a (lerrard to a Putney subscriber, and with 
unrestricted intercommunication over both Post 
Office and National systems. There is no charge 
for calls received from other subscribers. 

The Instrument. The shopkcc|*cr may 
arrange to have bis telephone placed in such a 
position that his customers may have easy access 
to it, and if he can give them some security from 
overhearing, so much the better. A wall instru- 
ment should be chosen, as being the least liable to 
faults. The shopkeeper should procure a swing sign 
with the legend. “ vor may telephone mow 
jiuuu,” or " ci uLir telephonic,” and have it 
placed over the door of his shop, and lie may 
then proceed to allow the public to transact their 
business over his instrument, (‘barging them any 
fee he may care to fix. In London, the usual fee is 
twopence, this being the charge made by the Posl 
Office and National Company at their own call 
offices, and in busy localities it is found to yield a 
fair margin of profit. It must be remembered 
that the subscriber takes all responsibility. At tin- 
exchange bis calls arc metered electrically, and 
periodical accounts are rendered to him. 
Penny»in-thecsIot Instruments. In 

some cases, to avoid keeping accounts against 
the exchange, the call office subscriber rents a coin- 
collccting box at 30s. per annum, and into this tin* 
caller is directed by the operator to place a penny 
oil making a call. As the telephone administration 
collects only for itself, this means that a separate 
charge, say for access to t lie instrument, must be 
made. This plan docs not work so well as the first, 
besides being slower and somewhat complicated. 

The exchange will, on demand, connect caller*. 
Ilmu gh to exchanges which are outside the County 
of London, but within the London telephone area 
( which cm ers over I >00 square miles), such as Haling, 
Richmond. Croydon, Knfiekl. Redhill, Sutton, etc., 
but. for tl .... ... 

At post -offices and National Company's 
offices no distinction i- made in charging callers in 
these cases, the ordinary twopenny fee still applying. 
The shopkeeper ma\ -and generally does — follow 
the same practice, thus taking no profit. Such 
calls should be unit'd, to avoid misunderstanding 
when the account for calls comes in. 

Exchanges Out of London. At the 
exchanges outside the County of London, already 
referred to. the animal rental is £4. 'flic same 
deposit — namely, of 30s. — must be made, but only 
the calls to subscribers on the same exchange are 
\ barged at a penny. All others over the Whole 
Loudon telephone area are twopence. The 
conditions here are not so favourable for 
profit, but nowadays every shopkeeper finds the 
telephone 'ndispcnsnble, and even if under these 
conditions the profits be meagre, there is often gain 
which cannot be shown, in the sha|K* of people who 
come in to telephone and remain to purchase. 

Jn the Provinces the rates vary, but. arc generally 
lower, while the usual eall office fee is one penny for 
local calls. \\ hero the message tee is in existence. 
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any subscriber may set up a cull office ; but generally 
shaking, as in the case of outer London, there is 
not a large margin for actual profit, and gain is 
looked for in the slni|ie of additional customers. 

In many cases, both in London and the Provinces, 
the National Company arrange with sliopkee)>er.s to 
in.stnll one of their silence cabinets, w r ith automatic 
coin box. paying, in some cases, a small rental and 
allowing the shopkeeper to receive calls. In this 
case, the main inducement is the added customers 
expected, and shopkeepers who prefer this system 
apply to the company and make the best terms 
possible if the company incline to consent. Post. 
Office silence cabinets are installed only at post- 
offices. In the ease of sub-offices a small annual 
rental and commission on each eall is paid to the 
suh.pnstmastcr. 

TOBACCONISTS 

The annual licenco to sell tobacco by retail cost-; 
but the modest, sum of os. 3d. The trade itself, as 
often conducted, demands no great, skill or 
experience, and it is but natural that many people 
w ithout either should turn to this trade as a means of 
livelihood, or of ekeing out the proiits of another 
business such as that of a hairdresser, grocer, 
newsvendor, confectioner, or publican. The 
publican’s tobacco licence is held for the 
same period as bis spirit licence; when held 
apart from such a licence, that to sell tobacco 
and snull is renewable in July each year, ft L 
unnecessary, perhaps, to point out that while th<- 
trade is so easy of entrance that even young 
women and widows practise it, this very fact 
exposes the beginner to all the more competition. 
Moreover, in most towns very smart shops arc 
now run by companies and firms which have reduced 
the business of retailing, and certainly their w indow- 
dressing, to a. tine art. 

Starting Business. Since some tobacco 
shops arc the smallest of all shops, while others ara 
among the most brilliant and imposing, there n 
obviously a very wide range of choice. The kind 
of shop, however, will depend greatly on the 
neighbourhood and the class of customers likely 
to frequent it. (ostly fancy goods and high- 
priced cigars and pipes, which are the most ic- 
umnerative portions of a high-class tobacconist ’< 
stock, would be quite out of place in a shop where 
the customers are likely to belong solely to th>- 
artisan (hiss. Having selected bis “pitch,” the 
intending tobacconist will probably lose little t ma- 
in studying the advertisements of the trade papers 
such as “Tobacco,** or the “Tobacco Trade 
Review,’* and be will therein discover the existence, 
both in London and the province*, of obliging 
linns who will supply him with “mixed parcels” 
of goods at almost any figure he cares to liana* 
Of “proprietary’’ goods there is a bewildering 
variety from which to select ; it would be well to try t <> 
learn the tastes of the expected patrons as far as 
possible before buying any large stock. 

The Shop. In a tobacconist’s shop the 
window is of primary* importance. Most of the 
up-to-date windows are of plate-glass and occupy 
tie* whole front with the fascia. To facilitate 
dressing, the whole window fitting is sometime- 
removable, or made to revolve. Plush -covered 
shelving is much used for the attractive displav 
of pipes, cigar-holders, silver goods, etc. ; and 
min ors at the back and sides usually assist the effect 
greatly. The beginner will find it worth while t<> 
pay a visit to London or one of the larger towns 
in order to inspect specially the tobacconist ■< 
window's and their arrangements. Very much 
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depends on a bright window display ; the duller 
the neighbourhood the greater the contrast and 
the effect thereby gained. In dressing the window 
it is well, if possible, to show' loose tobacco ; for 
cigars and cigarettes dummy boxes or packets can 
often be used to save the deterioration of stock. 
For the interior of the shop a few nice-sized shelves 
will be useful, and have in the counter some good- 
sized drawers. For storing tobacco a light, w'ell- 
ventilatod and dry cellar is desirable, the leaf being 
kept in wooden casks or glazed earthenware jars 
with loose tin lids. Jn the shop the tobacco most in 
demand may be placed in the counter drawers, which, 
if not of hard wood well planed, should be lined 
with zinc. Cigars require different treatment and a 
higher temperature. If the shop itself is fairly 
well heated they may do on the upper shelves ; 
hut. at tile seaside a proper stock-room, however 
small, will be needed to save them from the destruc- 
tive effects of the salt, humid air. Such a room 
should have, if possible, boarded walls, not damp 
and clammy stone : and artificial beat may be 
provided by steam pipes or by a syphon gas-stove 
consuming its own fumes. When* a room is not 
available a suitable stock-room of small dimensions 
may sometimes be partitioned off at the back of 
the shop. 

Treatment of Stock. With cigars the 
great tiling for the retailer’s attention is their 
proper “conditioning”; with tobacco, the avoid- 
ance of mildew'. Both those depend on proper 
storage. British cigars, of which an ordinary 
stock will comprise perhaps 75 per cent., are seldom 
sent out “conditioned” by the manufacturers, 
though the wholesaler may complete the process 
before the cigars reach the retailer. To condition 
them, cigars, after leaving the factory, have to he 
subjected for several weeks to a temperature not 
less than (>0° or more than 80° F. Though the 
outer wrapper may seem dry and may crackle 
when pressed between the fingers, and though the 
ends may be brittle - tins signs of a conditioned 
cigar — the “filler” inside may still be Happy and 
damp. ' Even a. bad cigar may be improved by 
conditioning. For this process steam beat is the 
best ; to allow the cigar-moisture to evaporate 
under the heat it is well to prise open the lids 
ot the cigar boxes a little, or elso to bore in the 
boxes a few gimlet holes, taking care, of course, 
not to injure the cigars. The groat importers of 
Havana cigars — which everyone knows are the 
cigars par excellence - keep them in London in a 
constant regular temperature of about 65°. Speak- 
ing of Havanas (spelt. Habana in Spanish) it may 
be mentioned fjiat the colour-marks are as follow : 
“ Claro,” very light, very mild flavour ; “ Colorado 
claro,” light and mild ; “ Colorado,” brown 

medium ; “ Colorado madiiro,” dark brown and 
full flavour ; “ Maduro,” dark and very full 

ilavour. 

Quality of Cigars. But it is said to be a 
mistake to suppose, as many smokers do, that the very 
light cigars are necessarily the mildest. The properly 
matured leaf, which smokes milder, is also a little 
darker than the immature leaf, often used for wrappers 
0,1 account of its light colour. When the plant is 
perfectly matured before cutting, the leaf, although 
there are light and dark shades of it, is generally of 
u wch brown colour, and experts aver that such 
wrappers, when properly worked, will have a sweet, 
und mild taste, even the darkest colours. A 
retailer samples his cigars by smoking one token 
from the second layer in a box, and also by running 
% ^^R ^wknifu down the centre of another to 


learn the character of tho inner wrapper and the 
“ filler.” In the smoked cigar the ash is not an 
infallible sign, though a white ash is usually good 
(especially in tho cheajKjr lines), and grey inferior ; 
but whatever the colour there should be regular 
burning. Tho better class of cigars should have 
a dull, slate-colourcd ash, and should crackle 
crisply when gently rolled along the palm of the hand. 

Precautions Against Mildew. With 
regard to tobacco, mould is a great enemy 
to the “rolls” and “cuts,” and any leaf 
that is moist. When tobacco parcels are received 
they should be opened ami inspected without 
delay, and if not found satisfactory returned 
promptly lo the manufacturer ; if only a little 
boated, turning over and airing may he all that 
is necessary. The amount of moisture in the 
tobacco being strictly fixed by the law, it may be 
presumed right in this respect when received from 
the manufacturer ; and the retailer’s problem is 
to keep it so, preventing loss to himself by evapora- 
tion and avoiding the opposite error of forbidden 
moisture. Evaporation may be prevented by 
covering all tobacco each night with a double 
thickness of canvas wetted on the upper side, the 
tobacco being turned over with the hands next 
morning ; or if (he tobacco gets too dry the outside 
may be sprayed with pure cold water applied by 
a diffuser such as is used for perfume, but care 
must be taken against overdoing this. Tobacco 
kept in casks should be turned over and shaken 
every day or so to prevent its becoming sodden 
at the bottom and generating the heat which 
produces mildew. The same applies to the earthen- 
ware jars. Every ten or twelve dayator so empty 
and inspect these receptacles, and note carefully 
whether any tiny white speoks—the fungus of 
mildew' — are scattered through the tobacco. Your 
jars should bo carefully wiped out with a coarse 
cloth ; and the empty casks — the contents may he 
temporarily placed on a sheet of brown paper iti the 
cellar — should be cleansed by a blaze of paper, 
followed by the application of the dry cloth. 
Roll, cake, etc., are less likely to become mildewed, 
olive oil being used in their manufacture ; where 
any sign is found a little Lucca, oil should be 
applied with a soft brush. Note that the quantity 
of oil, like moisture, is strictly limited by the law. 
Cheap tobaccos, which “go off” quickly are 
sometimes kept in galvanised iron buckets, which 
can be turned out and easily brushed clean every 
morning. Packets of tobacco, now so largely 
sold, should not he stored in a damp place ; usually 
the shelves under the counter will serve for this 
purpose. For “ smalls,” which accumulate in 
weighing up, and so on, keep a special receptacle, 
and from time to time return the contents to the 
manufacturer, who will allow for them. Every 
retailer should endeavour as soon as possible to 
sell his own “ mixtuies.” To collate these is no 
very difficult task, or they may be had ready-made 
from the manufacturers. 

Pipes and Fancy Goods. In the selection 
of these the tobacconist should aim at showing a 
stock that will be representative and comprehensive 
of whatever his clients are likely to require, remem- 
bering that unsaleable stock, even though it may 
show a good profit, as these goods often do. is 
capital lying idle. Without going into detail, we 
cannot do better than recommend tho beginner to 
study the catalogues and lists of special assorted 
parcels that are sent out by various sundriesmen in 
the trade, 'Tn these lists <will bo found iuU infqrma- 
tion *lso as to terms and discounts. 
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Side Lines. Die side lines mostcommonl} r uu 
m connection with the tobacconist h business ire 
walking stic ks, whw h often pay very well, especially 
iu seaside or other tomisl towns newsagent y, 
hairdressing Htitionuy outlay hint > duin 
leather goods etc Tt is ntcrsssty to lx ti m wind 
that when heivil\ }»l i ted u lit Its nn sold x plate 
dealers lieente itny he ictpiiied Foi gold iho\e 
2 dwts and undti 2 0 / 11 silva ihovt > dwts ind 

nndoi 10 0 / x lieenn costs £2 lm Lx pensive 
sticks and the btltci tliss of ti^ns nil cigirettc 
t ises, eit may conic nuclei this lie id 1 lit it is 
just these high priced ids 11 it is 1 mil i c turn 
the letailei his highest piofit 

Legal Notes. Mention his ban mule ol the 
lestric turns nnpo ed by the hit upon the quantity 
of vvttoi ind ml pa nutted in tobu » Vnothei 
point to Ik umimbeial is that ( ivardish or 

Negro lit id tol» it ti which has to he manu 
iartured in bond is su» jilted to the retulei in 
packets luaiing tin ( o\t rnmt lit stunp mil this 
stam [i Iiis dwivs to b< ohlitci ited when the 
picket is sold (ait must he taken howo\ci not 
to break the pit kit until it is sold is tins is not 
permitted by tit 1 xt ise regulations Note thit 
tin b xc we office is lnvc the light to enter ind 
msjKct tin contents oi my plieo licensed tor the 
silt of tobicto and if id u) ter 1 ted tobacco is found 
on tho pic mists or it mv tohn ( o or snuff is wilfullv 
toncc tied, flu tobacconist it nth is himself lnhlc to 
a lanaltv o f t20() md forft ituro of the good 

TOY MERCHANTS 

Lhe ic tilling of toys ind -.tints mnv bt divided 
into two classes In the out t i-t the stock would 
be made up*of c imp 11 itivt li inexpensive irtules 
and would not cost 1 „ie it dc d to purchise in 
tho other the dc p 11 tnu nt would me hide outdooi 
games md ex]ic nsiv mdo 1 ippaiatus such is 

biilinid tilhs IngitcMc h nruH phonogriphs 
lanterns for (tilu^m^ < unci i*» md, indeed, ill lhe 
paraphennln which uc i< c|mrcd formic ition and 
apoit r Ilu fust cli s iffoids \ { t pit tl opportunity 
tor ladies devious of stilting in business the 
Mcoud would ie cpnic the superintendence of some 
one with expert 1 nowh dgr ot the mlt s whic h govt in 
gol r tennis tiuket foothill billiards md the itst 
fSe Spotting (mods Do dor pige r >J4il Inched 
from £300 to i>00 might t isilv be sunk in 
this class ot stock which is listed it prices i urging 
a range of discounts fiorn I'j pei cent m the cast ot 
btlluud tables to as much is 1 third in the nutter 
of tennis rackets cricket hits eft Monovei this 
side of the business ic quires lithei large pit trust'* 
or at least a good shop front md 1 light open show 
100 m behind It e uiiiot be conducted without 1 
moderite amount of lo< d ulvertising ind even if 
the propnetoi is in a quite sin ill w ly t lit silmy of 
at least one aNsistanf would lnvc to be met unless 
the proprietor lives cm tin premises and is pieqiared 
to be tied to the plac e dm mg business hours Thus 
assuming a spotting games stock ot £>00 can be 
turned ova time tunes in 1 yen md t iking the 
\ average discount as 2 r > per cent the gross profits 
would be between £3>0 and £Mkk out of which all 
expenses, including rent and rates, would have to Iw 
met before the proprietor began to take hw profits 
It will be seen then, that a young man with a 
small sum to invest will find m this business an 
opening which will return him a moderate inooiAe 
Of course, a £J,f>00 return is by no means the limit 
possible, especially if m time the proprietor can odd 
cycles or sporting g unes or both 
Our immediate Concern, however, is with toys, 
>n the more generally accepted definition qf the 


word This, os has already been pointed out, is 1 
business which appeals to women It can be 
carried on in comparatively inexpensive premises 
a hundred pounds* worth of stock goes a long w u 
towards making \ brave show, and success doov 
not depend upon a large population There ai 
children everywhere, and therefore customers 

Stock. Lhe stock to fill a shop of good elms 
such as we h ive m mmd, would not cost much moi 
111 in £100 Pricticilly, the whole of it would In 
porch iscd it pr ic es which repre sc nt from 2 r ) per cc lit 
to ii* |)ir cent oil the selling puce It would lx 
subdivided into 1 vuuty of sections appealing! 
ditTeicnt ages first that would be toys to retail il 
fiom Id to (>d flu kind of things that we assoc nt 
with (. hi 1st 111 is tier s at yen end pirties P<nn\ 
toys cost fiom 7 s (iel to Xh Orl pci gioss to\ 
(uc tu re books 2 s 2 s 8 d 4 s 01 Xs as the \ 11 
mtcneled lo sell \t id 4 cl bd or Is uspectiveL 
Dolls foi which there is 1 steady silt, c my simil 
piofits it from a penny qjwcc upwards 

I or oldt r boys and jfiil c very va ison bungs wit l 
it 1 tiesh bitch of g urns foi the t ible Outdc 11 
sports m miimtuK win li aic not ilways huc iissftil 
c o Jilts cf the 01 igin il sell ticcly it all time 
including tiblc bowls 10 put etc Besides then 
in old c st ililislucl f iv uu lte s foi the table such 
K1I111 di nights 1 i o ^imi» I udo not to nient 11 
c be s mel bic minion 

Cards and Card Games. I<or ill igcs thn 
uc ards comprising bridal whist he/iqite pituna 
etc which uc sold under a («o\ eminent slmi| 
ind do/tns ot otlicis me hiding snap h ipp> fanulu 
mel otliei old fislnont el games which refuse to b 
counted out ot emte Pesides inuniba of new ones 
some ot them oi Vincuciii onjjn have sold fitclv 
m men! yens Most of these are sold m v u 1 hi 
alitiona costing from tiel to Js |hi p ck or st I 
will h jii k e s dso urv 1 (list cunt of from 1 qu ltei 
to one tlmcl. 

Mechanical Toys. I he sc sell like hot e ikt s 
md if 1 gr 011 p ue irringcd to run m 1 window 
during business hours 1 1 rowd is alwiys to he found 
round the letxilers slioji front Y\c stopped tli 
other clay in London before 1 shop near Livtipocl 
'stint Station, mel 1 ounted no fewer than 1 ” 
mteicsted youths m fiont of 1 window less thu 
bft wide I he ittiac tion wts x small hot 1 r 
engine < ostmg i>s which was chiving a sni II 
( ountei shaft Uns m turn diove othei shaftm 
on hr ukets (Is 9 d each) voi lously disposed on two 
lads behind the glass From these were driven 
tin) modelH of chilling machines, saws, crane 
hammers ind other tools and machines, the most 
f\ pensive of the lot being only 9 s Motor pmve 
c in be furnished by hot vu engines at from > 
steam engines at from as low as fld , or from electn 
motors to letarl at from Is 6 d , and supplied with 
< orient from battenes costing the public no moi 
than Is each Jhe variety of mechanical toys 
remarkable and behind all those which have f»u 
mentioned ue trams and rolling stock, operated 1 \ 
loc kwork, Hteam and even the electric current e 1 
the three-line plan of the District Railway In th 
department, again, discounts run ordmardy to > 
thu \t • 

Salesmanship and Buying, Sellirig tov 
requires patience and a pleasant manner Childrc 
are not attracted by the typical business face an i 
bearing. They not unseasonably and quite unoon 
soiously assume that selling toy* in aa uktemstm 
as buying themy and fcuccess mmm pwJLte thos 
re^ilen who can wai i}» goodwill 
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Sixpence to many a child is a little fortune, and not 
to be spent without first weighing the relative 
merits ot many articles. Even parents arc difficult 
to please in this matter, with tne result that what 
appears to be a simple matter is really one calling 
for no little tact and courteous attention. 

Buying, of course, nails for care, and a due recog- 
nition of local circumstances and the seasons, in 
most big dent res there are large warehouses where 
novelties can be seen and stock selected. The chief 
of fcheso arc to ho found in Houndsditch, in London. 
A visit to these centres twice a year will afford 
better opportunities of replenishing stock than 
haphazard purchasing from travellers or by post 
from catalogues, in which the descriptions of the 
stock are ordinarily moie artistically adorned 
than accurate. 

UMBRELLA MERCHANTS 

To-day the umbrella or the walking-stick is a 
necessary portion of every well-dressed man's 
equipment, and this trade is consequently an im- 
portant one. Umbrellas were (iist made with long 
handles and ribs of whalebone or cam*. 'Hie covering 
material was either oiled silk or cotton, until ging- 
ham was introduced, to be replaced largely by 
alpaca, patented by William Sangster, in 1848. 
Nowadays the covers an* mainly silk, or silk mix- 
tures under \arious names, but black and green 
gingham covers are yet to be obtained. The “ Para- 
gon’* rib, patented by Samuel Fox, in 1852, 
jevolut ionised the industry, for this form of rib is 
now almost universal. It is formed of thin strips 
ol steel rolled into a l T , or trough section — a 
form which gives great strength to the metal, 
and which is said to have been suggested by tin* 
tubular bridge over the Menai Straits. As the years 
go by, umbrellas become more elegint and their 
use increases annually. The brass tubes once used 
lor sticks are now replaced by japanned iron and 
steel, everything for lightness, compactness, and 
deganee being the desideratum. The universality 
of the walking-stick is likewise a feature of modern 
i ivilisation, so that as a career for an experienced 
man the retailing of these articles affords a promis- 
ing prospect. 

The Practical Part. As in every other 
business, practical experience is required. I’m- 
India re-covering and repairing is a necessary 
id|unet to every retailer’s business, so that the 
man or woman who wants to succeed must know 
all nbout the mechanism of an umbrella. Of course, 
the whole of the umbrella cannot be made by the 
ordinary seller. The sticks are bought ready-made 
and the making of the “furniture,” which includes 
the runner cap, the ferrule, the wheel or top- 
notch, the stretchers, the ribs, the top and ball-tops, 
the collars, the swages, and the bug slide, or rover, 
is in each ease a separate trade. It is the “putting 
together” of these different parts that constitutes 
the experience required of an umbrella dealer. It 
is rather extraordinary to contemplate the number 
of trades engaged in the preparation of an um- 
brella. 

Umbrella stick-making is mainly in the bands of 
a few large London firms, and machinery is much 
used. . First comes the preparation of the sticks. 
Hug is done by men who straighten or twist the 
sticks into the shapes required in the manner 
described later on. By far the largest number of 
sticks (for umbrellas, sunshades, or walking-stic ks) 
natural growths, saplings of trees or climbing 
plants, * these are preferred to sticks like ebony, 
boxwood; partridge Wood, etc,, that are cut from 


the solid wood. For the latter, steam power is 
much used, for with the aid of band and circular 
saws, planes and rasps, working by machinery, 
sticks of the toughest description can be converted 
into marketable commodities in a very short time, 
and in wholesale quantities. 

Making the Umbrella. After the stick 
has been pruned, cut, and straightened it is passed on 
to the mounters. This branch of the trade is again 
subdivided, for there .ire cutters, finishers, chasers, 
and polishers who make and affix the silver or gold 
mountings or add other adornments. Walking- 
sticks, umbrella handles, and parasols are mounted 
not only in gold and silver, but in tortoiseshell, and 
Mexican onyx, agate, jasper, various marbles, and 
even diamonds, being sometimes employed in this 
branch. Then handles of ivory, or horn (rhinoceros, 
buffalo, stag, seahorse, walrus tusk) are prepared, 
polished, and fitted. The frames, ferrules, collars, etc., 
are obtained from manufacturers of these articles, 
but men called frame-makers are employed in tlio 
City warehouses to put the frames together, w hilr 
other workmen known as litters, add the ferrule 
and other furniture. There are other men who cut 
the segments of silk, silk and alpaca, or other 
covering, into the requisite shape tor fitting over 
the frames. Experienced cutters earn from 25s. 
to .‘15s. per week, while frame-workeis and finishers 
get from 20s. to 52s. per week, working either by 
time or by the piece. The machining of the shaped 
segments and “ tipping” or attaching the covers to 
the frame is usually done by women at their own 
homes. The silk, alpaca, cotton, or whatever it 
may be, is folded in eight thicknesses, which the men 
cut into the eight bulging liiangles required for the 
umbrella. These covers and frames are then put 
together in dozens and given out to the home workers 
who machine the different parts of the cover and 
put them on the frame. The class of umbrella finisher 
varies with the class of umbrella, the cheapest and 
worst being made by ♦Jewesses in the East End of 
London. The best work in the East End is on para- 
sols, the women being paid at the rate ot Is. 3d. 
to Is. (id. each parasol, but rates even down to 
Is. per dozen prevail. Some warehouses employ 
women linishers on the premises. They arc better 
paid, and “table hands” those who linish and 
trim parasols of the host class for the West, End — 
make from 10s. to €2 per week, according to their 
skill. The earnings vary greatly according to the 
season, the busy seasons being from March to 
May for summer goods and from August to October 
for umbrellas. 

Walking-sticks. As mentioned m a previous 
paragraph, the sticks most popular are those of 
natural growth. Some, like ash, lurch, blackthorn, 
crab (crab-apple), dogwood, elm. furze (whin or 
gorse). holly, hornbeam, maple, mountain ash, 
oak, thistle (really mullein), and whitethorn arc 
indigenous to the United Kingdom, but the greater 
part are imported from various parts of the world. 
There appears to be scarcely a limit to the material 
that is turned to account 'for the purpose of making 
Rtieks for umbrellas and walking-sticks, and many 
Continental countries have taken up the cultivation 
of sticks of certain kinds for the sole purpose of 
supplying the walking-stick market. Large numbers 
of asn saplings in which all the roots have been 
directed one way to form what is known as “ crosS- 
heads,” have hpen grown in Surrey. But tho follow- 
ing list of the natural products used for sticks and 
umbrella handles will Rhow that we find variety in 
the saplings grown by oountries other than our own. 
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Thom products already mentioned are not included 
in this list, which indicates the countries of origin. 
Acacia (Africa and Australia) 

Bamboo (China and Japan) 

Bakow (Singapore) 

Bay-tree (Algeria) 

Beef wood (Culm) 

Black Turk (West Indies) 

Boxwood (Persia arid West Indies) 

Briur (West Indies) 

Caroh or Carouhier (Algeria) 

Carolina Herd (China) 

Cedar- wood (North America) 

(’Kerry (Austria and Hungary) 

Chestnut, Spanish (France) 

Co (Tee (West Indies) 

Cork (Spain and Algeria) 

Bate Palm (Algeria) 

Ebony (Ceylon and Macassar) 

Euea ly } >t 1 is ( A lgeria ) 

Fullers Teazle (France and (Germany) 

Cru-gru (West Indies) 

(Judder Rose (Balkan*) 

Hazel (Continent of Europe) 

Lancewood (South America) 

Lay a cane (Australia) 

Malacca (Siak) 

Medlar (Franee) 

Midgen (Australia) 

Myall- wood ( Australia) 

Myrtle (Algeria) 

Nana eane (Algeria) 

Olive (Algeria) 

Orange (Algeria! 

Orange Black (Algeria) 

Palmyra (India) 

Partridge eane (China) 

Partridge-wood (West Indies) 

Penang Lawyer (Penang) 

Pimento (West Indies) 

Pomegrana te (A lgeria ) 

Rajah eane ( Romeo) 

Rattan (Eastern countries) 

Snakewood (Persia and Brazil) 

Tom | u in eane (Chinn) 

Whnngce (.Japan) 

Popular Woods. Acacias are much used 
for ladies’ umbrellas and for sunshades. Beef- 
wood is a dull, red colour. Two kinds of cherry- 
wood are now popular in the stick trade — the 
scented cherry anil the tiger cherry. Carolina 
reeds are slender bamboo-like canes. The Spanish 
chestnut does not come from Spain, nor do Malacca 
canes come from Malacca. The latter are the 
product of a climbing palm found in Siak, on the 
opposite const of Sumatra : they arc the most 
expensive sticks on the market. Cru-gru sticks are 
saplings of a West Indian palm. Macassar ebony 
(flowered) makes very choice sticks, which are cut 
from the solid wood. Ix>ya canes and midgen are 
both Australian palms. The wood of American 
birdseye maple is. used as well as the branches of 
Vlie British tree. Olive, partridge, pimento, rajah, 
snakewood, and whangee canes air all very popular. 
Snakewood of bright-red colour, with dark transverse 
blotches, makes one of the handsomest sticks 
possible when properly finished and mounted, 
'Whongee canes are pliable, usually pale yellow in 
./cplottr, but there is a variety with black scars which 
;/ is known as black whangee. Walking-sticks should 
no#: be pulled or cut later in th^> spring than 
F^bruary^ uor .earlier in the autumn than October ; 
be*fe tufle is early in December or in the middle 


?. Thf^should’ not be stripped: of the 



bark, or “ worked ” until they are half dry ; mean- 
time, they should be stored in a cool and moderately 
dry place, and roots and spurs should be left on 
while drying. When half dried, they are ready for 
trimming, straightening, or bending, as required. 

Preparing the Sticks. The process of 
straightening crooked sticks or bending straight 
ones, is accomplished by holding pem over 
steam, or plunging them into hot, wet sand, 
until pliability is attained. They are then given 
the form desired while hot, and kept in that shape 
till cold. Straight sticks are usually tied firmly 
in bundles, and wound round with a coil of rope 
from end to end, or they are suspended from a beam 
by the knot-end, with a heavy weight hanging from 
the other end. Crooks are usually made by immers- 
ing in boiling water for from live to ten minutes, 
then bending into the requisite shape, and securing 
with a tourniquet until cold. There are varieties of 
handles ; among them the crutch, the half-crutch, 
the* whip, the C-hook, and the shepherd hook. 01 
these, the C-hook is the most popular at the moment 
for either umbrella or walking-stick. After bending, 
the bark is stripped, then the knots and knobs arc 
trimmed, but considerable skill is required in trim- 
ming knobs. Sticks with the rough bark left on 
such as elm — should be trimmed naked round the 
neck of the knob, and at tilt* bottom, by the ferrule. 
The rough bark should be removed and the trimmed 
parts lightly gone over with glass-paper. The 
Mick is then dressed with boiled linseed oil, and 
left to dry ; the trimmed parts are afterwards 
polished, and finally given one or two coatings of 
hard spirit or copal varnish. Sticks are stained 
black after they have been glass-papered, and before 
they are dressed with oil, by first brushing them over 
with a hot and strong decoction of logwood and gall 
nuts, and when that is dry another brushing is 
applied of vinegar or acetic acid in which a quantity 
of protosulphatc of iron, some iron rust, or even 
some rusty nails have been steeped for two or three 
days previously. Dragon’s blood added to the 
varnish gives a brown or mahogany tint, and yellow 
ochre gives a yellow, while ink is sometimes used 
for black stain, or drop-black is mixed with the 
varnish. 

The Experience for the Retailer. 

It will thus be seen that there is much to be learned 
before one knows the trade. It is not necessary 
for the seller of umbrellas and sticks to be an adept 
at all the branches of the practical part of the 
business : but if he can get a few years while young 
in a warehouse where all the details are carried out, 
so much the better. There is no regular apprentice- 
ship to the trade, but it is absolutely essential that 
he should be taught all the details of the construction 
of an umbrella — the putting together of the parts — 
in order that he may know how to repair. This 
experience nmy be acquired in a good-going business 
with a. repairing connection, and many successful 
umbrella dealers have had no other experience. A 
good all-round knowledge of the business enables a 
man with a shop of his own to cope with the opposi- 
tion of the street-sellers, the drapeas, the hatters, 
the hosiers, and the tobacconists^wbo of. late year- 
have made stick and umbrella-selling • important 
side lines. The umbrellas sold in the streets' arc 
usually made with the covers taken J(fcpm old 
umbrellas, which the makers of these cheap e° n) 
modities buy up second-hand from the §bop& The 
big drapery businesses, cut tile prices of 
considerably, often running a o heap line qf^brella* 
as a draw, and getting a ptotfcbf abou * ' ^ 

' niaepenec bn eaelju . 
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Me to do bis own manufacturing, he need fear no 
opposition from anyone, provided ho has learned 
how and where to buy to the best advantage. 

Capital and Start. In order to make a 
creditable start in a small shop in a middle-class* 
neighbourhood, a capital of about £200 is required, 
Xhe shop need not be large — the smaller the better 
at first — and the fittings should not cost more thnn 
about £25 r All that is necessary in the way of 
(ittings is a row or two of wooden* fittings specially 
made to hold umbrellas and sticks upright, a 
circular umbrella-stand or two to place here and 
there about the shop, and some window fittings. 
If a second-hand glass wall-case can be purchased 
eheaplv, well and good, and a few drawers art* 
advisable for keeping the better class goods from 
becoming soiled. A counter may or may not be an 
advantage, but if a counter with drawers behind 
can be secured, so much the better. For tin* 
tvork-room behind the shop a rough bench, a vice, 
iind a few tools may be obtained at a cost of a few 
pounds, and a machine for stitching the covers 
is necessary for the repairer, and particularly if 
manufacturing is contemplated. The best time 
to start is at the beginning of summer, for more 
umbrellas are sold in the summer than in winter. 
January and February being the slackest months. 

The First StocR. With the sum named in 
die bank and good references, the beginner would 
go, or send, to one of the larac umbrella warehouses 
m London, or other centre, and select an opening 
dock of manufactured goods. He would order 
at feast six dozen of ladies’ and six dozen of gentlc- 
mu ii's umbrellas ready-made, and t lit* selection 
would have to he done very carefully. The exi- 
gencies of the neighbourhood in which the new 
business was started would have to be provided 
tor as well as foresight could determine. If the 
vicinity were mainly a resort for holies, then a. 
greater quantity of ladies’ goods, with a few 
parasols, perhaps, would he ordered and fewer 
gentlemen’s umbrellas. If the shop happened to 
he situated in a business neighbourhood mainly 
occupied by men, then the reverse condition 
would apply. Then the kind of neighbourhood 
bus to be considered ; the smart umbrella for the 
smart set, the useful and iinoma mental variety for 
the ordinary middle-class business man, ami the 
cheaper variety for the workman and his wife. 
There are many things to he taken into considera- 
tion in order to make a repiosontativc and 
appropriate show; hut the judgment of the buyer 
must he the guide. In selecting the twelve dozen 
umbrellas, the shapes of the handles, the quality 
of the covers, and all such details, must Ik* gauged 
to the best of the experienced man's ability. 
Vssuming a normal class of customers of about 
<m equal number of male and female residents the 
beginner woidd order one dozen gents’ umbrellas 
and one dozen ladies’ to sell at .‘Is, (kl. each (cost 
about. 2s, each) ; like quantities to sell at 4s. (id. 
‘Mob (cost about 2s. 9d.) ; at (is. 6d. (about 4s. (id.) ; 
at 8s. 6d. (about Os.); at 10s. (id. (about 7s. (id.) ; 
and at 12s. 6d. (cost about 9s. each). This pur- 
chase would take about £40, but he would get a 
decent discount for cash, and he would next turn 
bis attention to walking-sticks. Much caro 
would have to be taken in the selection of this 
,s took and three or four gross of sticks would bo 
needed to make anything like a show. The retail 
profit on walking-sticks is small, a shilling stick 
°ften costing 9d, or 9£d. At least £50 would be 
expended on an ordinary stock of walking-sticks. 


Making and Repairing Items. After 
visiting the umbrella and walking-stick merchants 
he would \hink about the repairing department. 
So he would proceed to the warehouses where they 
make a speciality of umbrella covers and he would 
buy the silk, and other mixtures, cither in the 
piece, or iff ready-made covers. Umbrella silk 
is made largely at Lyons and Crefeld, but much of 
it is so loaded in dyeing that it cuts at the folds. 
Textures of pure siftc, or of silk and alpaca mixed, 
have better wear-resisting properties. There are 
many combinations ot silk and other materials 
used for eoveis, and the range in prices of ready- 
made covers, tor instance, is considerable. Then 
there are seven different grades in covers, 20, 2H, 
22, 25, 25, 20 and 27 according to the size of the 
umbrella. Thus, prices for a representative 
selection may range from l()d. to Ns. 3d. for the 
smallest size cover according as the material 
desired is taffeta, gloria, levant ine, satin-de-Chene, 
dagmar, gingham, hord, twill, or glace. In like 
manner for the coverings in the piece one may pay 
fiom Is. to 5s. (kl. or moie per yard, according 
to the quality. Therefore, not more than £20 
would he spent on covers; £10 on umbrella sticks 
of different lengths and varieties, and £5 on ribs — 
Fox's are the best. Ferrules cost 0s. (id. per 
gross; cans, ts. (id. ]M*r gross; runners, 12s. per 
gross; and notches, (is. (id. per gross. These Are 
all, of course, in different sizes, and a selected 
assortment of each is required. Elastic hands 
cost from 5s. (id. to 7-. Od. per gross; rubber rings. 
3s. (id. to 5s. (id. per gross ; and tassels, from 10s. to 
10s. per gross. Reels ot <ottou and needles tor 
machining must not he ov ei looked. The parasol 
business is mainly in the hands of the draper, Imf 
covers for parasols may he obtained as required 
from wholesale houses. 

Display and Reward. A clean, bright 
shop, with the stock tastefully arranged, and giving 
the appearance that there is plenty more, are sure 
attractions. Umbrella dealers are not so enter- 
prising as they might be in window displays. A 
fashionably dressed lady (in wax) with a smart 
parasol and a number of other open parasols placed 
negligently around should make an attractive 
summer window, while a male figure with an open 
umbrella and imitation rain or snow falling upon 
it from the ceiling would draw the crowd. Price- 
tickets marked in plain tigures affixed to the 
umbrellas and walking-sticks in the window are 
always desirable, while a few artistic show-cards 
with legends such as “ Repairing by skilled work- 
men," “ Walking-sticks of all descriptions," “Sun- 
shades of all hues," “Prepare for a Rainy Day,'’ 
induce the at tent ion of the passer- by. Repairing 
is a profitable part of the business. The usual 
charge for re covering is 2s. (kl. for a lady's umbrella, 
and 3s. (id. for a gentleman's, while the littU* 
things like broken tibs, fastening on ferrules and 
so torth repay the skilled workman handsomely. 
The beginner would do all these odd jobs himself* 
of course, but he would require a female helper for 
the stitching on of covers and so forth. Ex- 
perienced women can he had for from 15s. to 20s. 
per week, provided the young umbrella dealer 
has no wife or sister to help him. The profit on the 
total turnover must not average less than 30 per 
cent., and it must not he f of gotten that umbrellas 
are not bought every day. The trade is a slow one, 
and the most careful attention should be paid to 
repairing and re-eovering, and the manufacturing 
department should be attempted when possible. 
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ENGLISH CHIN A&PARIAN WARE 

English or Bone China. Translucent Porcelain and its Preparation. 
Parian Waje. How Translucency is Attained. Pite - sur - Pate 


By MARK SOLON 


CNGLISII oi bone china in the only form of 
translucent porcelain made to any impor- 
tant extent in Kngland. Cmiously, its manufac- 
ture is almost entirely confined to this country, 
where the hulk ot it is sold. It has the advant- 
age over Continental porcelain of being more 
easily decorated, from the fact that it is coated 
with a soft lead and alkaline glaze with which 
the enamel colours readily combine. It is also 
more durable than the Continental porcelain, 
not being so easily broken and chipped ; but, on 
the other hand, it is more liable to break with 
sudden changes of tempeiature. 

Composition of China Body. The 
body is composed of calcic phosphate, intro- 
duced in the form of ground calcined bone. 
Cornish stone, aud china clay in the following 
approximate proportions : Bone, 47 ; china 
clay, 22 ; and stone, 2(5. The translucency is 
to a great extent due to the Cornish stone, which 
at a high temperature melts and becomes a 
semi-transparent glass. 

The calcic phosphate by its infusi- 
bility enables the ware to withstand 
the heat necessary for the vitrifica- 
tion of the Cornish stone without 
materially affecting the translucency. 

The preparation of the body is the same as 
already explained for earthenware. ^It has to 
be reduced to slip state, mixed, lawned. and 
passed through filter presses. On coming from 
the presses, however, the clay is 
beaten and kneaded by band 
instead of being passed thi ough 
the pug mill. 

Owing to the absence of ball 
day (which is excluded on ac- 
count of the small percentage 
of iron which it invariably contains, and which 
would be detrimental to the whiteness of the 
ware), the body is not very plastic, and conse- 
quently difficult to manipulate. 

Moulding Plates and Saucers. Flat 
ware, such as plates and saucers, instead of 
being formed mechanically by steel protiles, is 
moulded with small earthenware tools. The 
4 tool is held in the palm of the plate-maker s 
hand, and gently applied to the clay, which has 
previously been put on the mould [31 j. The 
clay being of a dry nature does not readily 
respond to the form of the tool, and requires to 
be humoured into shape carefully and gradually. 

The majority of hollow pieces such as cups, 
vases, etc., are cast in plaster moulds as ex- 
plained under casting, 'file biscuit ovens are 
Of* samo construction as already described, the 
being gauged by small china cups which 
#pe periodically drawn oiit and examined. The 
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ui^ the cups become translucent,, intuit, a larger) 


and of a greyish-white tint. The presence oi 
too much smoke or sulphur in the ovem 
causes the cup to turn pale green, while if the 
heat has been exceeded in any portion of the 
ovens, the surface of the cup becomes roughened 
with small blisters. 

Supports in Biscuit Oven. During 
the latter stages of firing the ware passes into a 
semi -molten state, and must be well supported 
in order to retain its true shape. For this 
purpose every piece is placed separately on :» 
bed of powdered flint. The bed, however, must 
be so formed that it not only provides sufficient 
support for the piece but also allows the <*la\ 
to contract freely. 

Plates ami saucers are placed upon fireclay 
cradles or setters, which are prepared in tin 
following manner : 

A quantity ot loose powdered flint is put upon 
the setter, and pressed into the correct shape 
with a plaster mould [29]. The small space- 
AA [30] allow tor the travel of tin 
plate during contraction, while the 
flat beds BB prov ide a support foi 
the rim and the centre. 

Vases are supported in (hesamt 
way in previously fired cylinder 
1 32], the handle and neck being plopped oil’ tin 
cylinder with small pieces of dry clay. 

After firing and before dipping the biscuit wan 
is throughly brushed and sandpapered, a process 
called scouring. This is carried 
on over perforated bene ho 
under which w r hieh are closed 
duets connected with an ex 
haust fan. The draught created 
by the fan prevents tho oper 
ative from inhaling tho flint 
dust, wliich is thus accumulated in the ducts. 

Glazing Hollow Vessels. The glaze 
is applied by immersion as in earthenware. 
The biscuit, however, is vitreous and non-absor- 
bent, and it is necessary to use the liquid gla/<* 
in a thick slip, sometimes thickening it artifi 
cially by adding a small quantity of a solution 
of alum or saltpetre. 

In the glost oven the flat pieces are placed 
separately on fireclay cranks [33] inside saggem 
the foot of the plate resting upon three sharp 
ridges, which are coated with a mixture of bone 
and stone, and so. pro vent the glazed piece from 
adhering to the crank. 

The glaze is prepared in the same mawim 
as the earthenware glaze, a flit being fir** 
made, which is afterwards ground with an ad- 
mixture of lead, flint, stone, eta Hie bod: 
being of different composition 'and of k T ver.\ 
different density,; it. is neoesea^y. to y i||t<?odu^ 
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and decrease the proportion of Cornish stone, 
making a softer and more elastic glaze. The 
approximate proportions of_ these are as follow : 
Frit — f. 

Borax 2G 


Flint 
Stone 
Whiting 
China clay 


To Mill— 
Glaze frit 
Garb. leiui 
Stone 

Whiting . . 
China clay 


22 

23 

10 

14 


08 

20 

6 

C 

1 

100 


The glost oven is fired 
in exactly the same way 
as for earthenware. 

Parian Ware. 

Parian is another form 
of translucent pottery 
which was produced in 
the first instance in bis- 
cuit state for the manu- 
facture of statuary, and 
named from its similarity in appearance to 
Parian marble. When glazed it resembles china 
t uncertain extent, but is of a much deeper cream 
tint. The body consists of felspar and china 
clav to which in some 
cases a small quant it v of 
glass or frit is added to 
give an additional vi- 
t reticence and brilliancy 
to the biscuit. 

The felspar is gener- 
ally calcined at a low 
heat before grinding ; 
it becomes extremely 
friable after caleinat ion, 
and is consequently 
more easily ground, 
prepared in the manner already described, 
is mixed in the approximate proportions of 
felspar, 03; china clay, 30; and ball clay, 1. 

The Cause of 
the Translucency. 

The translucency is duo 
to the fusing of the 
felspar, the body keep- 
ing its shape on ac- 
count of the refractory 
nature of the china 
clay. The articles made 
from this body are 
almost invariably cast, 
the clay not being suffi- 
ciently plastic to mani- 
pulate in any other 
"ay. As the contrac- 
tion of the body is 
rcry great, largo pieces 
fcuch as figures and 
large' ornaments are 
supported during the 
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32. METHOD OF SUP- 
PORTING CLAY VASE 
DURING FIRING 


The body, which is 



better and denser surface being obtained by 
burying the piece in tine sand for the second 
fire. The heat necessary to vitrify the body 
depends to a great ex- 
tent upon the fusibility 
of t he felspar employed ; 
usually good potash fel- 
spar is used, containing 
about 15 per cent, of 
alkalies, in which ease 
the ware is tired in the 
easier parts of an ordin- 
ary earthenware biscuit 
oven. 

Pat© - sur ■ Pit©. 

The translucency of the 
body, and the brilliant 
colours which can he 
obtained by introducing 
metallic oxides into the 
clay, allord unique oppor- 
tunities for clay decora- 
tion. One of the most 
important decorations of 
modern times in which advantage is taken of 
these qualities is known as “ Pate-sur-pate ” 1 34). 
The ornament in white is, by a combination of 
painting and modelling, raised to various degrees 
of relief upon a 
coloured ground. 
The design is drawn 
i n white sli p di rectly 
on the dried clay 
piece. The dry clay 
readily absorbs the 
water from the slip, 
which is applied 
layer upon layer Un- 
til the desired thick- 
ness is obtained. 
After biscuit firing the deep colour of the ground 
appears through the translucent white body 
to more or less pronounced degree according to 
the thickness of the. ornament, the relief giving 
various ofTects from the 
thinnest film, which ap- 
pears as a mere cloud 
upon the background, 
to an almost opaque 
white in the thicker 
modelled parts. 

• The Parian laxly is 
glazed with a rich lead 
glaze of, the following ap- 
proximate composition : 
Frit— 



33. FIRECLAY CRANKS FOR 
SUPPORTING PLATES IN THE 
GLOST OVEN 


( :ornU*)i stone . . , . 

, .. 03 

Flint 

, .. 32 

NVhit.injr 

.. 3 

Curb, leiui .. .. 

.. 84 

To Mill— 

Frit 

. .. 40 

’ Flint 

, 5 

Stone 

, .. 5 

Garb, leml 

. . • 10 


34. PLAQUE IN PATE-SUR-PATE __ . ... 

The glaze is applied, 

biscuit fire after "the manner already described and fired in the manner already described under 
for china. . - In some case 3 in which the biscuit China, and the on-glaze decorations arc to a great 
finish is required the pieces are fired twice, a extent the same. 
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THE SHIPYARD DRAWING OFFICE 

The Drawing of a Set of Lines. Preparation of th# Model. Opera* 
tion of Laying off. Working Drawings. The Ordering of Material 


By Dr. J. BRUHN 


I N every shipyard there is a department called tho 
drawing office, where all the plans aeeordmg to 
which the ship is to la* built are prepared. Drawings 
arc necessary not only to guide the workmen in tho 
t onstruetion of the vessel, but they are also required, 
among other things, for the ordering of material 
from the steel-rolling nulls, which must be done 
some time prior to beginning ofieralions in the 
shipyard. In the pie pa nit ion of these plans it is 
necessary that the exact form of the vessel should 
bo known. The most direct way of representing 
the lorm is by means of a model, which is a replica 
of the ship on a small scale. Such a model is 
usually made, in the lirst instance, m order that 
the owner may realise and approve the form 
proposed by the slu plmilder, but this particular one 
is, more or less, only for appeal anro ami general guid- 
ance. A real working model is, however, essential 
for each ship. As the two sides of a ship are 
alike, it is necessary to make only a model of 
one half, or one side of the ship, as shown in 27. 
It is usually made on a scale ot a } in. equal to 1 ft. 
Several deal boards, \ m. in thickness, are fastened 
together to form a block of wood, and out of this 
the model-maker shnpes the form of the ship in such 
a way that the planes of the deal boards are 
horizontal or parallel 
to the keel of the 
v essel. Figure 28 
represents the foi - 
ward part of a model, 
which is supposed to 
have been cut off from 
t he remainder, to hIiovv 
the board construc- 
tion. Instead ot ic 
presenting the lonn 

by means of a model, it is usually more convenient 
to do this by drawings, but the curved and unsym met- 
rical shape of the surface of a ship cannot be exactly 
represented on paper, like the plain rectangular 
surfaces of, say, a building on land. 

The Form of a Ship. The method adopted 
to indicate tho form of a ship by means of a 
drawing is the usual one resorted to for irregularly 
shaped forms — that, namely, of showing the inter- 
sections of a series of parallel planes with the 
surface to be represented. Strictly speaking, 
any set of planes might be selected for this pur- 
pose, but it is convenient to choose one of the 
sets symmetrical with icgard to the principal 
dimensions of the ship. The intersection between a 
horizontal plane and the surface of a ship is called 
a water-line, as it will indicate the form of a line at 
which the vessel might float, or might be imagined 
to float, in water Jt will be seen that the planes 
of the deal boards of which the models are made 
represent water-line planes. The thicknesses of the 
boards correspond to the distances between the 
water-lines. If the model be taken to pieces, we 
obtain a complete series of such water-line sections, 
Alia it one of them is taken And laid on paper, as 
^iJioAted hy j39, it is an easy matter to draw a line 
rf^Vnxrh win then represent that particular 
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water-lme. Other lines might be drawn in the 
same way, care being taken to see that they are in 
proper relative positions to each other. All the 
lines representing the intersections between the 
wa ter- planes and the middle-line plane, or the 
vertical longitudinal plane dividing tho ship into two 
halves, should coincide, as should also the line 
representing the intersections with a vertical trans 
verse plane. A system of lines may thus ht 
obtained which represents the exact form of tin 
vessel at the particular horizontal pianos, and it 
the space between tho lines is sufficiently small, 
then the surface of the ship will, for practical 
purposes, be determined entirely by these lines. 

Lines of a Ship. The method of obtainin'? 
Hit* form of a ship by first carving it oul 
in wood, and then transferring it to paper, 
the most direct one, and is the ideal one to 
the experienced man who has a keen perception 
of foim, and is able to produce readily tho model ot 
the ship that will .satisfy all the required conditions 
The usual method, however, is the reverse of this— 
namely, first to arrive at a paper representation ot 
the form, and then transfer it to the solid by cutting 
the model in accordance with the drawing. On 
paper, the form of a ship is i ©presented by a set ot 
three views of the vessel, or, moie 
correctly, by the intersection between 
eei tain sets of parallel 
planes and the surfiu i 
of the ship. Th< 
three views are called 
the body plan, the 
deration, and the half 
breadth plan. Togetlu r 
they constitute what 
is called the line dran 
uvj , or simply the linen of the ship. If we imagine 
the surface of the ship intersected by parallel 
horizontal or water-line planes, then these in 
terscetions will appear as straight lines, if the 
ship is viewed endwise or sideways, but the\ 
will appear as curved lines if the vessel is looked 
down upon from above. In other words, the form 
of these intersections will Ik? determined entirely 
by their projections on a common horizontal plane 
Such a set of projected horizontal curves is shown 
in 31. They constitute the water-lines, and th»* 
plan containing them is called the half -breadth 
plan , because it is always drawn for one side of tjie 
vessel only. These curves are clearly the same a- 
those produced by laying the horizontal model 
sections on paper and drawing a line round them 
as described above. Other curves besides thosi 
absolutely horizontal may be projected on a hon 
zontal pfane, such as the outlines of the various 
decks. The surface of the ship may also b» 
imagined intersected by a set of vertical plane - 
parallel to the middle-line plane. The intersection- 
thus produced will appear as straight lines & the 
end and downward views of the vessel, he* ** curve- 
in the side view. Their forms wjtt phejcetcK*' 
fully represented by their projections,®** • vertical 
plane, v The, elevation drawing * lcIi 
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ft of projections together with the projections of 
” lh° deck-lines. 

Cross Sections* Again, we may imagine the vessel's 
/ Wji _ surface cut by a series of parallel vertical planes now at right 

ffUtj ^ angles to the middle-line plane. The intersections thus pro- 

lSj\ dueed will be the cross sections of the vessel, and will appeal 

uj] i . ft* straight lines in the side and horizontal views, but as 

ft f j r ^ curves in the end-on view. They are, therefore, represented 

111 I J by their projections on a vertical plane at right angles to the 

y 1 middle-line plant*. Figure 32 shows such a set of curves, and 

hr j § the plane containing them is called the body fdan of the vessel. 

j f : Besides the vertical cross sections, it al*>o— like those of the 

I / I othei views — contains projections of the deck-lines. Tf it is 

1 /' * simply u question of obtaining a representation, or of keeping 

A a reeoid of thefoim of the vessel, then the body ])lan is the 

, 5 ^ most convenient for the purpose. The curves it contains 

^ me smaller and more easily drawn, and aro produced by 

! more clearly delined intersections than those of tho half-breadth 

, M 1 and elevation plans. Figure 32 shows tho body plan on the 

!; i same scale ns the elevation and half-breadth plans, and 33 

• shows the same body plan on a lamer scale. The ei Obs-seetions 

' represent the form to which a frame has to be bent, and their 

$ numbers correspond to the numbers of the frame from tho 

; after end, No. 0 frame Ik* mg at the sternpost of the vessel. 

; Thp sections of the fore-body, or the forward half of the vessel, 

, fc are usually a i ranged to the right of the middle line, and those 
; j of the after-body, or the after half of the vessel, to the left. 

_____ ^ * The hugest section is usually at or near amidships, and is 

* therefore called the mud duo section. Very often a consider - 
q able pait of the middle body of the vessel is of a prismatic 
; ^ form, so that several cross sections may be identical and 

a ! g appear as one in the body plan, as. for instance, those from 

* • No. 40 to No. 00 in 33. 

£ 2 Form of Midship Section. The form o f the mid 

* J ship section is very important, and its character becomes prat - 

; , tically a key to the form of the ship. It is determined by 

; 55 th*’ ™ sc ‘ °f floor, the round of bilge, and the tumble-home ot 

’ a vessel. The line KL in 33 represents the middle line ot 

5 the vessel, and A A is the base line. Most ships have some' 

* parts of the bottom entirely flat, from reason-* of convenience 

1 | * rather limn necessity. They are not usually horizontal, but 

, Jj • J the two sides of the bottom form planes rising at an angle from 

f ; the keel to the bilges, which arc the more or less clearly defined, 

IT, • rounded, immersed corners ot the vessel. The vertical tangents 

1 \j ^ 1 to the midship section at the points A are usually drawn on a 

l \ \ , j g> body plan. If tangents are also drawn at the point K, then 

TT 1 4 they will indicate the lise of tlie bottom, and the height AH 

l \ \ | | of their intersection with the tangents at A above the base is 

\ V \ i ,o called tho rise of the floor. This quantity is now very small in 

\ \ y 7" all sea-going steamers, and the bottom may even bo quite flat. 

\\% \ I The bilge is more or less ot a circular form, and tho larger the 

\ y *? ‘ |\ radius of curvature, the bolder the bilge. In vessels where it 

UYTj is desirable to obtain the maximum of displacement, the 

\i\\\ ! bilges arc made 

very sharp, or 

AJOV, nearly square. t 

a 'Hj ^ bov . e , a l c \ '• a- .<« I / V . 

j. the sale of a vessel 1 ^ i , j ‘ / f ' 

\\ , « usually falls in a . fl. . /» {/ /V ! 

Vi I little from the ver- V*" - / \ / V 

— • tical tangent. The | f p\ N / \ 

‘ amount by which J, ' V s L I 'k \\ 

it does so is railed the tumble [, \ ~ 1 f, /, / 4; , ' 

home, and it may be measured || v s w J j /, / I 
either- at the deck or at the rail J , <_ v ' v _ _ I L f uu- - 4 l l 4 

height, as at C [88]. On the other J V 4 \-\ J / JT 

hand, if a section is broader at \ y \ \ / 5 L I 

the top than at tho bottom,- it is |l.L — ,X -\ J — 

said to have flare , a term that is y \* • \ * \ \ j \ j j Li 
more pw^icularly applied to the pLf. - A_ .L/ja. -4-j}k 
sections war the fore end of a jj &JV ^ X. \ „ 4 

, ship. The water-lines are usually jg: ; 7 j, ..T, 

. numbered according, to their - * ' 

1*1 feet above the baseline. 38. body plait 05 U»314B SC4&R 

i 
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Sometimes the seel ions shown in body plan are com- 
pletod by drawing in the sections of the deck, or the 
lines of the' beams, as well ns those of the frames. 
A cross section of the deck is, fyowever, of a com- 
paratively simple nature. For drainage purposes, 
the deck is higher at the centre than at the. side 
of the vessel. The usual elevation at the centre 
of the upper fleck above, the side is about } in. 
to every foot of the breadth of the ship, and 
the beam is bent in the form of a very ilat are 
of a circle or a parabola, the ends of which are 
at the sides of tin* vessel, and the crown at the 
middle. Thc^e lines are not shown in 32 and 33, as 
they would, owing to their closeness, make the 
representation very indistinct. 

Elevation. Figure 30, showing the elevation, 
gives the protile form of the stem and stern post. 
In the ease shown the line of the keel is hori- 
zontal or at. right angles to the sections num- 
bered 0 to !lo. In some vessels, particularly 
ill yachts, it may not be horizontal, hut mav 
rise towards the fore end of the vessel. It will 
be observed that the line of the deck is not hori- 
zontal, but rises both forward and aft. The lowest 
point is usually at, or a little abaft, amidships. The 
rise of the ends above this point is called the shirr of 
the deck-line. It is, as a rule, about twice as great 
forward as aft. and it is given to a vessel with a view 
to elevating the extremities, and thereby to keep 
them further out of reach of breaking seas. It tends 
also to give a graceful appearance to the structure. 
Seen in protile, the lines of the various decks and of 
the rail are more or less parallel. The intersections 
between the surfaces of the ship and the vertical 
planes parallel to the middle-line planes are called 
boiv-limtt in the fore- body, and buttock-lim s in the 
after- body. They are numbered according to their 
distance in feet from the middle-line plane, and are 
shown in 30. They are not, however, of mueli 
direct use, beyond indicating the characteristics of 
t lie form of the ship. The part of the after end of 
the struct ure, project ing over and thus protecting the 
rudder, stern post and propeller, is called th vconntrr. 
The form of the vessel shows, in most instances, an 
abrupt change here at n line designated the knurk/r. 

Water-lines. The half-breadth plan [ 31 1 
simply shows the water-lines, already described, 
and the plan view' of the deck-lines. The for- 
ward wedge-shaped part of the water-line is 
called the mtrencr of the ship, and the closing 
in at the after end the run. The deck-line shown 
in the elevation plan is the line of the deck at. 
the side of the vessel. Sometimes the line of the 
deck at the centre of the ship, is also shown. It 
is nearly parallel to the deck at the side, being at a 
distance above it equal to the round-up of t lie beam, 
explained previously. This line is, for the sake of 
clearness, not shown in 30. Strictly s|x»nking, either 
the body plan, half-breadth plan, or elevation, would 
be sufficient to determine completely the form of the 
vessel if a sufficient number of sections were used, 
as any two of them can be produced from the third 
^t will, for instance, bo seen that the breadth of 
any water-line plane at each cross section can be 
obtained from the body plan ; or, on the other 
hand, the breadth of a crqss -sect, ion at the various 
water-lines can be obtained from the half-breadth 
plan. It is, however, more convenient to use the 
throe representations, as fewer sections are then 
necessary to determine the shape with the same 
degree of accuracy. The exact shape represented by 
the lines of a ship is not usually the extreme outside 
surface of the vessel (which is more or less irregular, 
o\$ng the owi lapping of the shell plates), but is 
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an imaginary surface formed by the outside edges 
of the frames. If a point is desired on the real 
outside surface of the shell, the thickness of the 
plating has to be allowed for. 

Drawing a Set of Lines. It is 
essential that the intending naval architect should 
become familiar with the methods of drawing the 
u i lsym metrical curves which are characteristic for 
ship forms, and which appear more or less in all 
sketches for the building operations. These lines 
are drawn by means of battens or OAirves. A set 
of the former is kept in every ship-drawing office. 
They consist, of smoothly-planed lancewood splines, 
varying in lengths from 15 in. to 00 in. They are 
of a rectangular section, but of varying thicknesses. 
Some are parallel, and some are tapered to- 
wards one or towards both ends. Any curve of 
an unsymmctrical character is usually determined 
by some points of it being given, and the curve is 
then drawn to pass through these. If will he 
clear that, strictly speaking, many curves might 
be drawn through any given number of points, 

as A, I*, and C in 
34, When more 
points of the curve, 
are given, then less 
variation is possible 
between the curves 
that can lie drawn 
through them —that, 
is, two curves ot a very dificmit character may 
he drawn through tin* points A, B, and C, as 
shown in 34; hut if it is known that the curve 
in question must also pass through the points B 
and E, then there is very milch less scope for 
variation, and by (boosing the points close 
enough, the curve may be defined with any required 
degree of accuracy. Comparatively few points, 
however, are needed to determine ships' curves 
with sufficient exactness, because their general 
character is known. They must always be ivhnfc 
is called fair — that K they can have no abrupt 
kinks. The curvature must, change gradually 
from point to point. If a batten is bent, and 
made to pass through the points A, B, and C [34], 
but otherwise left free, its curvature will be of a 
gradual character such as is required in most ship 
curves, and the chances are that it will pass through, 
or near to, points I) and E, which must also be on 
the. required curve. 

Approximation Method. If, however, it 
should not pass exactly through these points, it may, 
with a little force, ho made to do so, and a. line can 
then be drawn along it which will represent the re- 
quired curve with a. degree of accuracy which is 
usually sufficient for all practical purposes. Let it be, 
required to draw one of the water-lines shown in 
31. The base line is then first, laid down, the vertical 
lines representing the various sections are drawn, 
and the known half- breadths of the water-planes 
are set ofT from the centre line. A series of points 
on the required curve is then known. A batten is 
laid on the paper with its outside edge -passing 
through the various points, where it is held by 
the pressure of lead weights of a suitable form, 
and a line can he drawn in. As little force as 
possible should he used in adjusting the batten 
to pass through the points; but, on the other hand, 
the spline must he of reasonable stiffness, because, 
if it is too thin, it will clearly not spring so “ fair ” 
as desirable* between the fixed points. Where a 
curve is fiat, as the water-lines [ 31 ] are near amid- 
ships, the batten can be thicker without requiring 
undue force to make it pass through the points. 
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Where the curvature is greater, as towards the 
ends of the watei -lines, it must be thinner, or the 
piessure of the lead weights would not bt sufhc ie nt 
to hold it m position This is tht icason whv most 
of the battens ait ti[>ercd towaids at It ibt one 
of the ends This me thod of drawing ships curve s 
is paiticularlv ipphenble whin tin. eutves m 
long, as m the c ise those shown on the h ill 
hicadth and elevation plans 
Drawing “Curves.” Lhe other method 
of pioducmg tht curves when i inunbct of it" 
points a? e given, is by mi ms of moulds, or hums 
i set of which is also ktpl in ill ship di i wing 
ollices They uic simply thm wood hittens cut 
to tlu shipos of v mous naves wluth ocnn tre 
quentlj m the diiwiiiLs of ships Tf propeilv 
selected, some 20 oi 10 of tlu sc cuivcs will 
suffice to dim ill oiditiity slap curves When 
the [Hunts thiough which the iccpuitd line must 
piss uc determined i mould is lud on tlu pi|Hi 
so that its outside edit pisses thiough is in inv oi 
tin given [Hunts is possible when put of the 
in vc m iv be driwn md by selecting suit ible 
moulds sucetsstvt puts miv Ih di ivvn until tlu 
curve is completed the mipoitmt point being to 
sec tint then is no dise ontmuity in flu line it the 
I inn turns of tlu p»rt*> 

When the lines of i slop uc. it hind the toim 
cl the vessel it my pint cm 1>» l isily tie te i 
mined It i w itei line not shown on the hdf 
In ulth [)1 m i y ie (pnred then we hive simply 
t> elrayv its pteqee tion m the body inti c It \ i 
tion [)lms, md the hilt bn tdth of the vinous 
see tains e m be me mired in tht body pi m md 
set ott it tlu e one s[ Kind mg vntii il lines m 
tin hdfbieidth pi in r I he mte ise c tion between 
t lit vv iter lints m the t’eyition md tlu bow and 
hittock lines cm be sepnied down to the projee 
tains of these lines m the lnlfbieadth jilm \ 
affluent iiumlHi of [aunts u< then old lined to 
determine tht new vv itei line »Similuly, if the 
f»nn of i eross see tion not shown m tlu body 
| I in is desnid it is neeessuy only to di ivv i 
veitieal line in i h ilf bit ulth pi in it tin positions 
<t the eie>ss section in question to miasme otl 
the h ilf breadths of the vanous witei line plans 
t tins point mel to set tht m off tioin the middle 
bin of the body pi in it the iisjaetive propitious 
ot the w iter 1 mo plants I he projcetiou of the 
n w sertion nny also he di iwn m the tie v it ion 
md its mtoisection with tht bow md buttock lines 
h veiled over to the projections of these lines in the 
hotly plan. The ntw section tail then be diawn m 
The Dimensions of a Ship. It isdesr 
*bl© at this stage to illustr ite the e\ut way m w hi h 


t. 

4~ - LENGTH WLFi *IL - — - -*l 



35 SKETCH SHOWING HOW IJ5NGTH IS MLASUJKM) 

the various principal dimensions of the ship au 
measured. The length with which the shipbuilder 
and owner usually deal is the length between 
perpendiculars. It Is measured on the uppermost 


continuous deck fmtn iht aftu side of tho stern 
post to the fore side of tin stem If the steinpost 
ik inclined ift, or, is it is tailed has a rake, then 
the after side of it is pioductd until it mitts tlu 
eke k lint of the t » ritic 
of the ship ( 35 f lire 

vcitie d thiough this * ♦> 

point is e died the (if Ur * 

/* i }» mhtnfm It tlu * * 

stem is laid to form i „ * 

( ut w »t« i, is in most & 

sailing slops ind yachts v 

and hi sonic sfe micis * 
then the line it pit sent 
mg the foil sjck <>t the u *{ 

stem below tin witei is 36 sk M ( f( snow live, now 
tout mm cl m the sum mu viuii \NI) DJ l HI \RL 
dm (tion lint 1 it meets ( i 

tin tie tk lint it eentie 

is shown by 35 Liu mi tie d line thiou rt h tins 
[Hunt is the fot pu ndicttf n Wlnncvei it is not 
otherwise stiltd the It ruth mentioned is usii illy 
tlu distune between the ton md lit [Hi pen 
die ul a s lot some ]>u][H>ses Ibe "length o\et 
all is it quite d It is nuismed tiemi tilt tf tc t 

most [Hunt of tin tonnlei to the tore most put 
of the stem is iko diown m 35 Iht breadth 
eommonlv usetl by diipbuildcis is tlu moulded 

bit ulth of tilt ship me esuied it tin outside edge 

of tlu ii lines oi it tlu biendcst put ot the nud 

ship section, is shown in 36 Ovvmis, on tlu 
othci hind often use bit idtli extreme wlncdi is 
tepid to the moulded bn ulth plus the thickness 
of the shell pi itm_ 
it the side ol the 
vessel Isudlv 
time will be font 
thie km ss,t s lei add 
ow mg to the ovi i 
lipping of tli 
plates i lie oiilin 
il V ileptli of a ship 
is the moulded 
de pth, which is tlu 
virtu il dihtane e 
between the t oj 
of the kt el and the 
mule i side of tlu 
deck or tin top ol 
the be mis mini 
ships it the sale 
of the vessel as 

indicate <1 in 36 




Sometimes the 37 midship sjhtIon 

tit pth it ee litre 

is useet, and it i*, me isini tl trom the top of the kt*l to 
the underside of the tie e k or the top of tlu In uns 


amidships at the eentie line, as ilso shown in 36 
Owners often use the depth ot hold, winch is 


me isurcil from the' topot the tlcmrs oi mnei bottom, 
to the top of the be uns of the upjiuinost dock 
Jiu it aie dimensions im i urtd in v uious othei 


wavs such ik registered tlnnensions, tonnage 


dimensions, displacement dimensions, ott, but 
they will be t xplamed in l itei irtieles iuj it become* 


neoess n y to refer to them 


The Midship Sections. Whin the lines 
have been drawn, tho vinous other plana necessary 
for tho building ot the ship can be begun 
One of the most important ot these is tho one 
designated tho midship melton. In outline it 
is simply a copy of the midship cross section of 
the body plan, but it is usually diawn to double the 
scale' Th is sect um is so i m pm tan t at the beginning 
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of the ship that it is often prepared before the 
line drawing. If that is done, it means that the 
form of the midship section is decided upon before 
the form of (he vessel in other respects has been 
arranged, and the lines of the ship must be com- 
pleted so as to agree with the given midship 
section. Besides the outline of the frame section, 
the lines of the various decks are shown cm the 
midship section drawing, as is also a cross sec- 
tion of all the material. Jn other words, the 
representation is that of a proper cross section of 
the vessel. No other single drawing gives so much 
information about the i-haraeter of the proposed 
vessel as the midship section; but to add to this, 
the exact dimensions of all the important material 
in the structure are also stated in writing, together 
with a. large amount of other general information. 
Figure 37 shows a midship section of the vessel- 
the lines of which were shown by 30 to 32. It is 
that of a small single-deck cargo-carrying steamer. 
When the outside line of the frame and upper 
line of the beams have been drawn in, the line of 
the inner bottom is determined. Its distance 
from the outer bottom is usually given at the 
centre and at the side, and it depends upon con- 
siderations of strength and of the amount of water 
ballast to be provided for. In some eases it is 
horizontal, but it may slope either towards the 
side or towards tlu; centre, according to the system 
of drainage adopt ed. 

Frames. Next, the frames may be drawn. Jn 
the double bottom they are simply formed of a small 
angle attaching the outer plating to the vertical 
floor-plates. Outside the double bottom they are of 
various forms. They may be built up of the plain 
frame angle with another angle called the n rrysrd 
frame 9 riveted at its inner edge, ns shown in 38. 
Instead of the frame and reversed frame, a solid, 
rolled section may be adopted. The channel 



section 140] is perhaps the most convenient. The 
Z section [89] is similar to the channel section, but 
has the flanges showing in opposite directions. The 
most popular frame section at the present time is 
the bulb angle section [41], which is an angle, with a 
thick bulb at its inner edge in lieu of the reversed 
frame. This form of frame has been show'll in 37. 
Frames are, for reasons of convenience, always 
fitted in such a manner that tho flanges which attach 
them to the shell plating arc turned towards amid- 
ships, Tho section shown in 37 may, therefore, 
lie supposed to bo just forward of amidships and 
looked at from abaft. The frames have, therefore, 
their fore and aft flanges turned towards the viewer. 
As the frames are, in this particular instance, of the 
bulb angle section, reversed frames are shown only 
on the floor-plates in the double bottom, where they 
are on the side opposite to that of tho flange. No 
reversed frame is shown on the small floor end 
bracket outside the double bottom, but tho upper 
edge of the plate is bent at right angles tb the. 
remainder, so as to form a stiffening flange in place 
of an angle bar. The, method of thus forming a 
flange on. a plate is very often adopted in order to 


form hii attachment, as, for instance, in a ease of the 
floor-plates of double bottoms, where the flange 
may take tho place of a frame or reversed frame. 

Specification of Scantlings. The draw- 
ing of ft midship section has been described. The? 
importance of this document lies more in the written 
than in the drawn information it contains. The exact 
form of tho outlines of a midship section is 
very important' in itself, and must be definitely 
determined some time before work is begun, 
but an approximate outline is usually quite suffi- 
cient to form a basis for all the specified par- 
ticulars of the structure which are recorded here. 
As already stated, the scantlings or dimension of all 
the various principal items in the structure are given 
«m the midship section. The equipment, such as 
weight of anchors, size of chain cables, hawsers, etc., 
is also shown. The following is a specification of all 
tlu* particulars which would have been indicated 
on the midship section shown in 37 of the. 
previous article, but which have been left out their 
owing to the reduced scale of the illustration; the 
numbers in brackets refer to those show'll in 37; 

Midship Section Scantlings. Frames 
|3Kj of bulb angles. 4.1 in. by 3 in. by in. for three- 
fifths the vessel’s length amidships, to in. at 1 lie 
cuds; spaced 22 in. apart, centre to centre. 

Reversed frames. None. 

Side stringer in hold |30]. Of bulb angle, 5 in. by 
3 in. by 7,'V, in., with .!\, in. intercostal plate attached 
to outside plating bv angles 3 in. by 3 in. by fa in. 

Watertight- bulkheads. Lower half of plating 
fa in. ; upper half, in., stiffened by 4 in. by 3 in. 
by in. angles, spared 30 in. apart, centre to 
centre, and bracketed to tank top and deck plating. 
Bulkhead frames. 3 in. bv 3 in. by in., doubt- 
angles. Angles attaching bulkheads to tank tops 
3 in. by 3 in. by in. double, and to deck plating 
3 in. by 3 in. by in. double. 

Pillars, in hold | Hi], 3 ai. in diameter, of solid iron 
and fitted at- alternate frames. Under bridge [45 J, 
2} in. in diameter, of solid iron and fitted at alternate 
frames. 

Beams. Upper fleck beams [41] of plain angles. 
5 in. by 3 in. by fa in., fitted at every frame with 
bracket, knees [42 J 124 in. by 124 in. by fa in. Where, 
the length of beam at ends is less than three-quarter-, 
the midship length, the beams may be reduced bv 
steps of .J in. to 34 in. by 3 in. by fa in. Beams at. 
ends of hatchways, 7 in. by 3 in. by fa in. ; bull) 
angles with knees, 174 in. by 174 in. by fa in. 

Bridge deck beams [43 J, 44 in. by 3 in. by fa in.; 
plain angles at. alternate frames W'itli knees, ] 1} in. 
by 1 1 } in. by fa in. 

Poop beams, 4 in. by 3 in. by .fa in., plain angles at 
alternate frames with knees 10 in. by 10 in. by fa m - 

Forecastle beams, 5 in. by 3 in. by 7 , r fl in., plain 
angles at alternate frames wilh knees 124 in. by 
124 in. by fa in. 

Forgings. Stem, 04 in. by ]£ in. at bottom, 
tapering to 54 in. by 1 J iu. at head. 

Propeller post, 04 in. by 4 in. 

Rudder post, 0J~ in. by 3} in. ; sol© piece, 7 
by 4 in. 

Rudder stock, 5 in. in diameter. 

Pintles, 2£ in. in diameter. 

Single plate, J J in. in thickness. * 

Plating. Kocl plate [1], 32 in. by in. for 
three-quarters the vessel’s length amidships to hi. 
at ends. 

Gar board strakp [2], -fa in. for half the vessels 
length amidships to fa in. at ends. 

Bottom plating [3], fa in. for half the vessel’* 
length amidships to fa in. at ends. 



TRANSIT 


Bilge plating [4 and 5J, and ^ in. for half 
the vessel’s length amidships to t/V in. at the end* 
Side plating [0 and 7], and Ss in. foi half the 
vessel’s length amidships to 2 ° 0 in at the ends 
Sheerstrake [8], 33 in. by in for half the \ essel’s 
length amidships to -Jq in. at ends. Doubled fot 
14 It. at the ends of the budge. 

Poop, bridge, and forecastle sale plating. in 
Upper deck stringer plates [II], 3H m b> A. in 
for half length amidships to 20 in by H fl in .it ends 
Stringer angles [13], 3 in by 3 m by in to * in 
Deck plating [12], 4\ m foie and aft. one sti 
at sides of hatchways * 0 in 

Poop, budge, and fotetaslle deck stungei plates 

20 in by 2 ft t( m , angles, 3 m by 3 m by ^ „ in , t u 
plates, 0 m by m , poop md bridge w ood dei ks, 

21 in pine , foiec istle wood deck, 3 in pine 
"Double bottom (Vntie gudei [I9J, 32 in. bv 

m to -»& in 

Side girdei [20], in 
Margin plate |21J, 20 m >>y J in. 

FI ooi plates [28J. \ m 

Middle line strake ol mnei bottom plating {2">J. 
32 in. by /o in to * in 
Inner bottom plating [2b j, m 
Keel angle* [23], 31 m by 3* m bv ”, m 
t'entie gudei angles I22J, 3 m In 3 in b> in 
to "q in 

Mu gin angle [27], 3t in 1>> 31 in by ”, in 
Pi imes m double bottom |30) 3 m b\ 3 m b> 

i m 

Reversed fiatncs m doiibh bottom |3IJ, 3 in bv 
1 ai by * tX in 

Vll vc i tic ll and mtucostil ittacbment angles in 
double bottoms, 3 m by 3 m by ® 0 m 

Flooi cud bi ackets |29j, rt hh m thickness. 
Hinged on the uppei edge and attached by single 
ingles [32] to the m ugiu plate, 
ruling in hold 137], 21 m pine 
( ' irgo battens 1 40], b in by 2 m , spat ed as slmw n 
Riveting. Butts of keel plate overlipped and 
1 1 obit* nveted for entue length of vessel Butts of 
fUboaid stiake, bottom, bilge, and side plating 
ovoilnpjied and double rivetccl loi half the vessel s 
ngth amidships, single nveted at the ends 
Butts of sheet stiake oveihppod and tiebh 
rutted for half the vessels length amidships 
double nveted at ends. 

Butts of poop, bridge, and foiec istle side plating 
single riveted. 

lodges of outside plating o\eilapj>ccl md single 
i iveted. 

Butts of upper deck stringer plates overlapped 
and double riveted for half the vessel’s length 
amidships, single riveted at ends 
Butts of upper deck plating and of poop, budge, 
md forecastle decks, stiinger plates ovei lapped md 
s mgle riveted. 

Butts and edges of inner bottom plating oven 
lapped and single riveted. 

Butts of centre girder and margin plate over 
1 ipped and double riveted. 

Rivets in butts of outside plating and deck 
stringer plates spaced three ana a half diameters 
* part, centre to centre. 

Rivet* in edges of outside plating and deck 
platipj£ and in butts and edges of inner bottom and 
bulkhead, plating, spaced not more than four and 
•i half diameters apart* centre to centre. 

Equipment* I bower anchor, each 10 cwt., cwt., 
{) cyri, i stream anchor, 4 owfc, and 1 hedge 
anohqe, SUwt, 

Chain: eabtotr 105 fma, 1 & hi. stud link. 

in. stud link. 


Towline. 7o fins., 2J in. steel-wire rope. 

Hawser, 90 fins., <> in. hemp. 

In some instances the specification of scantlings 
given on the midship seed ion is much mom detailed 
than in the example shown above. The exact 
width of all butt and edge laps and straps may be 
given, as well as the size and spacing of the rivets; 
the number and size of rivets in beam knee brackets, 
door end brackets, and at head and heel of pillars, 
etc., may also be given. Usually, several midship 
sections are required for various purposes, and the 
information supplied will then vary in each ease, 
according to the object of the particular section. 
One midship section will thus usually he required 
by the owner when* certain general information is 
supplied : another more detailed one may he 
required by the institutions classifying ships for 
the purpose of insurance; and one with every 
detail shown on i! will he necessary for the guidance 
of the workmen ill the* yard. 

Fairing a Set of Lines. With the midship 
section and the line plan prepared, the general 
form of the vessel and its method of construction 
have been arranged. There remains, however, a 
considerable amount of draughtsman's work to be 
done before the aetual building operations can be 
proceeded with. The lines, as supplied by the 
designer, are to a small scale — usually A in. or | in. 
equal to 1 ft. - and even if’ they are mo«t carefully 
drawn they eannot he relied upon to bo exactly 
correct when magnified so as to be applicable to 
the full size of the ship. It is the cross sections of the 
body plan that are directly used in the production 
of the form of the vessel. As stated in the article 
dealing with the lines, they represent the curves to 
which tlu* frames must be bent; only a. few cross 
sections are shown in an ordinary body plan, and as 
every frame must have its form given, it becomes 
necessary, for this reason also, to modify tin* 
designed body plan. To make the lines applicable 
to the full-sized form they must undergo an 
operation called “ fairing,” which practically con- 
sists in their being drawn to a very much enlarged 
scale, whereby possible irregularities will become 
apparent, and can be removed. In the time of wood 
shipbuilding this fairing of the lines, together with 
the determination of the form of the various iratno- 
timbers, etc., was a very elaborate process, which 
went under the n.«ine of the “ laying-ofT ” of the 
lines. It was done, by special men, and required a 
considerable knowledge of descriptive geometry; 
In passing from wood to iron and steel as the build- 
ing material, the method of construction, and 
consequently also the production, changed some- 
what, and the “ laying-olT ” of a vessel became 
reduced to a much simpler process. 

Full-size Laying-off. In many ship- 
yards the lines are still laid -off and faired at full 
size, and a description is therefore made here of this 
ojieration. In the first instance, a copy of the 
designed lines, or a table of offsets, is supplied by 
the drawing office. The offsets arc simply dimensions 
measured by the draughtsman on the drawing 
and recorded in tabular form. A set of vertical 
columns may be arranged for to correspond to 
the number of cross sections and similar horizontal 
columns to correspond to the water-lines. The 
half-breadths are measured at each water-line and 
each cross section, and noted down in the proper 
columns of the table. From these dimensions it is 
possible to reproduce the water-lines and cross 
sections. The offsets of other linen, as the deck, 
bow, and buttock lines, etc., arc also noted. Tho 
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tables are handed to tb<? man who has charge of t bo 
moulding loft — u place with a large, unobstructed 
iloor, on which the lines are reproduced in chalk 
to full size. The depth and half- breadth of the 
ship usually fall within the limits of the loft, hut 
the length of a large ship eaunol he laid down in 
full, as that would necessitate an enormously long 
building.' The cross sections or the laxly plan can. 
therefore, he laid flown to the absolutely correct- 
full size, hut the water and deck lines have to he 
what is called nuitrnctid. 'This simply means that 
the cross sections of the half breadth plan and the. 
elevation are spaced (‘loser than in reality — say, 
one-fourth of the actual distance they are apart in 
a ship. This not only has the advantage of bringing 
the lines of the half-breadth plan and elevation 
within the size of a loft, hut the increased curvature 
of the lines in these views enables their character 
to he more easily discerned by the appearance on 
the loft. Any unfairness that is, a hump or cavity 
--that might exist in the designed lines, will he 
magnified on the loft . r >0 to 100 times, and can 
therefore, be easily seen and removed. 

Body Plan. The ha If- breadths having been 
■ set off at the water-lines of the body plan, 
the cross sections may he drawn in by means 
of long battens, made to pass through the re- 
quired points, and held temporarily in position 
by spikes driven into the thick deal flooring. 
If, as will he usually the case, the battens will 
not pass easily through all the given points, 
then there has been an unevenness or unfairness in 
the original line, and the batten is now made to 
spring easily through the majority of the. given 
points, and the lino drawn in. The offset of the 
points that do not fall on the line are then cor- 
rected accordingly. When, in this way, tlm 
sections of the body plan have been drawn in anil 
faired, then their actual half-breadths are trans- 
ferred to a set of contracted water-lines. Jt might 
here happen that the cross section might be abso- 
lutely fair in a body plan, but all its half-breadths 
might he too large or too small. If a cross section 
is, in this way, either too broad or too narrow in 
relation lo its neighbouring sections, it will at once 
be apparent in the contracted water-line plan, and 
ean he corrected. When the water-lines have thus 
been faired, it is necessary to go hack to the cross 
sections of the body plan and make them agree, 
where necessary, with the altered ha If- breadths. 
In the same way, contracted bow and buttock lines 
are drawn and made to correspond to both the 
amended water-lines and cross sections^ and 
absolute agreement may thus finally bo arrived at 
between all the views. 

Diagonal Sections. The best sections for 
the purpose of arriving at a fair surface of the 
ship, with agreement between the various sets 
of projected lines, are those that cut the surface 
of the ship as nearly as possible at a right angle. 
The intersections of the various lines become 
thereby more clearly defined. For this reason 
special sections are often selected, and drawn 
only for the fairing process. The most con- 
venient sections for this purpose are those made 
by the fore and aft planes at an angle to the middle- 
line plane. They are called diagonal planes, as 
they appear in the body plan as straight lines drawn 
diagonally from some point on the middle lino to 
the surface of the ship, as AB, CT), and EF [42]. 
These lines will appear curved in both the elevation 
. and half- breadth plans, i»ut their real form is 
obtained by assuming tho diagonal plan hinged 
about its intersection with tho middle-line plane 
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until it becomes parallel to tho water-lines, its 
horizontal projection will then represent its true 
form. This is easily obtained by dealing with the 
diagonal plan in question — say, AB [42], as if 
it were a water-line plane. It is necessary only to 
set off in the water-line 
plane, at their respective 
cross sections, the dis- .iff 
tances from A to the inter- jjl 
sections of the diagonal ifj't 

pin no with tho sections of d|v , 

the body plan, as if these |l\ \ X X /}\J \/ / 1 j| 
distances were half- \\ \ A j l\ I'J / ! 
breadths of a water-line, \! / ////■■ 

It is, of course, essential 8 k " 
t Hn t. 1 Ik*»o tlmgmml lino* 42 . B()I>V P1 , AN Wlm 

sl.ouia ho fn ir, find ,f 1 hey DIAGONAL U.N Es 
arc so, there is a considei- 

ablo guarantee that all water-lines and how and 
buttock linos will also be fair : in fact, a few diagonal 
lines are, for fairing purposes, equivalent to a 1’nrgei 
number of water-lines in conjunction with how ami 
buttock lines. 



Modern System of Laying*off Lines. 

The above-described method of laying-off a set of 
lines to full size on the loft is necessary in wood 
shipbuilding. When iron and steel arc* the building 
materials it is not essential that iho laying-nll 
process should he carried out at full si/.e. In manv 
res|»eets, a smaller scale is here more convenient, 
and is adopted in many shipyards. The entire 
o|M*ratioii of fairing and laying-off the lines is 
‘•allied out. on paper by simply enlarging the scale 
of the designed lilies —say, from j in. equal to I ft., 
to A in., : { in. or 1 in. equal to 1 ft. The smoother 
surface of the paper, and the liner instruments used 
in producing the lines, enable a trained draughts- 
man to work with a very high degree of accuracy. 
% ln being aide to discriminate lietwceii good and 
had lines, it is, of course, practice that makes the 
master : the experienced eye will, by merely looking 
along a line in a fore-shortened view, discern a very'* 
small irregularity which the less-trained operator 
might hardly be able lo measure by direct means 
When the exact desired fair form of the vessel has 
been obtained, by whichever method it is arrived at, 
a corrected table of offsets is made out, much more 
detailed than the original one produced from the 
designed lines. The offsets are usually given fix 
water-line planes 2 ft. apart, or near the flat of the 
bottom, for every ] ft.., and for cross sections, 12 ft. 
to 10 ft. apart amidships ; and 4 ft. to 12 ft. apart 
at the ends of the vessel. The offsets are also given * 
for the deck lines — that is, their half- breadths and 
their sheer heights at the respective cross section-. 
The sheer heights are measured in the elevation 
from a horizontal line through the lowest point o' 
the deck line or through the point where a vertical 
cross section amidships intersects this line. IV 
offsets for tho curve of the stem are also recorded. 
The vertical ones are measured from the base line 
at the top of the keel at the respective cross section*, 
and the horizontal ones from a suitable vertical lin- 
—say, one of those representing the forward cros* 
sections and at the selected water-lines. 

The Working Model. While the lines hav< 

been laid-off by the loftsman or a draughtsman, 
a working model may have been prepared by th«* 
model-maker from the designed lines. Tho method 
of obtaining a set of lines from the model was dy 
scribed at the beginning of this article. The making of 
a model from a set of given lines is equally simph'. 
Tho model-maker supplies the draughtsman with 
a set of oarefully-planed deal boards, the tijokn**' 
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of which corresponds to tlie actual distance between 
the water lines shown on the dm wing Flic draught* 
man then simply trmsfus i waterline to each 
boaid, as shown m 43 the ceniie line, and the lines 
le present mg tho vinous cross sections being first 
diawn On the *idt of a icetangulu pu.ee of wood 
— somewhat thukei tlnn the boirds but of the 

43 . WATER I INE SW Tl()\ OiJ WOPTL 

sum length and bieidth i line is eli iwn i c pic 
sniting the deck at side md also a piohlc view ot 
tho stem and stein oi couiiti i of the vessel is shown 
m 44 lhe various pm t s ot wood u< tin n u tiuiud 
to the model m ikci, who tust of dl ( ids the bonds 
to the lequittd watt l lints md the top pane to 
the requited dec k line Flic uppumost puce i> 

1 “ h I* I” 1 “ h a \ 
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then ri tunic d to the diaiuhtsmin who now di iws 
pi in e>f tlu dt k line on the top ot thi slightly 
it ud surface pist as tht witei lines weie di iwn 
n the pi uk suifiics ot tilt boards \11 the pints 
nt then glued fogitlui m then piopu id dm 
I < sitions so tint tlu ttnlie lmts md the lines 
i j usentmg the \ u ions t loss sec turns m dimtly 
\ i cull othci, ot in tin sunt virtual pi uu s 
When tint his 1 m en done 
lough model of tlio ves 
1 Ins been piodmed md 
t re in mis foi the model 
i dtr to turn tlow n the 
ndgis ot tho piisinatie stt 
( ills of tho water line boaiels 
util a perteeth fur md 
month suifaet is u lived it 
In doing this he must ot 
mist tike t ire to cut aw iy 45 < RO ss sicriON 
nly the supeifluous wood ot jiTOXll 1 

itsidc fan se< turns sueh 

tin one mdu ited by the line [451 

Drawing on Model, lhe model is then 
l ditly varnished in oidct that it in iy be dnwn 
1 pon, and is retuim el to the draughtsm m who 
now has to picpare on its suit ice 1 complete 
it pi esc nt ition ot the inniing stungers, md 
outside plating of the ship In doing this lu 
hrst of all mirks the positions of eieh harm in 
the ship at the keel md numbers them from 
dt to forwaid He then di iws a line d these 
points, usually in red, representing the line of the 
heel of the frame angle from keel to gunwale 
\ special mechanism is used for this pm pose, whie h 
eniWes a drawing pen to be guided in a plane 
i hat ean be adjusted so as to be at right angles to 
flie keel lme of the ship When dl the h une* have 
hien drawn, the positions of the deck lints md 
trmgers ate determined * Iho upper edge of the 
model represents the upper edge ot the sheer str ike 
n the top of the mil bat The distances of the 
leek lines and stungers below this lino are mea 
ured on the midship section and the lme plan along 
the edge of the respective frames, and are set off 
n the model from its upper edge, to which the line 
of the deck and stringers will usually be nearly 
parallel These lines me drawn by means of 
flexible tattoos held m position on the model by 
bne w TBtf lines of intercostal keelsons, and 
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the 111 ugm plate of double bottoms ate 1U0 dt tun 
Minilmly to those of tlu stnngei s but then position 
1* determined in nhtion to thi kul line, tluir 
distances out on the tr uni lin s bi mg al*o meisuitd 
on the midship sec ton md on the line plan 

Outside Plating. I lit model is then 
it id\ to hut tlu lines of tlu outside plitm„ 
di iwn upon it I lu width* of tin strikes oi 
shell pitting ari an m_id on tlu midship si it ion 
md tiny i m tlu 11 Ion Ik ti mshittd 1 i M ht »w iy 
to tlu midship li mu of tlu modi 1 llu upjwi 
tdgi of the shen sti ikt is usu dlv it 1 ci rt 1111 

lu ight ibovi tlu di k f sidi imidshqis md 1 

mle it ictuns this lu cjit t > 1 h 1 ud ot tlu v ssU 

llu line icpicintin^ tins i d^« mu th iiton hi 

di nv ti p u dli 1 to tlu I m of tlu di 1 k m tlu in mm 1 
in whi h tlu stt him 1 I1111 s wi 11 di iwn llu h 11 ths 
of tlu fi \nu 01 tlu It df mtliof the vessel bout 
kill toguuwdi will \ 11 \ fluoii^h the length ot tlu 
*hij J10111 unidshi| s it will iiuiitsi somivvhil 
is tlu in Is m ippioiihid md tlu width oi tlu 
tot tl uinomit ot shi II plitm_ must 1 onsupu ntlv 
dso in n »s Uu _itth will 1 1 1 1 in t 111 txiimmi 
lou^hlv sp iking it ibout om fouith tlu vissils 
hn_,tli foiw ml md dt ot mudslups liotn these 
points it will be it du id t iwinh tlie 1 nd when 
tlu t td width ot slu 11 plitm_ 1 tlu 11 ton dso 

n dm irl Jhe mu su\ n ti 1 md diminution in 

tlu imount of shi II pi it mg mi_ht b elicited 
b\ mutism^ 01 diminishing dl tlu tiikis uni 
founlv It is howivii usu il to lim tlu sti ikes 
ot flu suli pi d mg pi 11 1 k dlv po dlil fim md alt 
md to let the ni 1 mi\ in n isi md it dm turn in 
width bt tonhnid to t w sti ills m the botton 
In most e ises tlu hill ^ it th 1 midship* is *o niuili 
m excess oi tint it the ends of tin vessil tint it is 
convenient to lit on ot tlu *ti ikis tuminiti 
beton n ithint, the mils Sm h 1 sti ike is i dli d 

1 It tin Tu sonn instin is thin nnv bi two 

01 1 veil tinei sfi di is 


Edges of Plating. I he edge* of the suit 
jlitm r including tlu lowit cdg< ot tin shti 1 
sti iki 11c di iwn pudkl 1» tlu upper edge 
of tin shtti stnki it tlu piopti dislmn hi low 
it Vt tlu iftu end win 11 tin ionn inns ivv iv 
1111th 1 tlu touiitei the snnll flit battens, bv 
wluih the bins in dt iwn 1 1 c allowid to sprin*. 
fml\ that is tlu\ in not bt nt lati 1 dly butuuicly 
tvv istt d lound tin train of tin vessel In tit mging 
tlu bottom pliting tlu sum pt uu 1 pit is adhered to 
it illowin^ tin guiding I ittms is much freedom is 
possible consistent with being held ilut by nn ins 
of ])ins to tin sm fact ot tin model I hi* conduces 
to snnplii lty is tlu indiv idu d pi ites of the sti ikes 
will tlu 11 h ive 1 minimum ot em valuta intluiiid^is 
md lu mon 1 isily jiepircd C »ic is taken in 
111 ingjng the edges 01 / iitdiHfj't is the v iictallid 
so that they do not inn obliquely nuoss tho linos 
ot m mtiicostil stnngei keelson 01 nnrgm plate 
of n double bottom is compile it ion would in tint 
else aiisc with iigmd ti the riviting 1 iguie 46 
shows a prohle view ot t w rkmg model of a small 
s uling vessel 1 01 sun pin if y* sake only a 
veiy few ot the ft turn bin s ue shown and only tho 
outside edges ot the plating ue indie ittd The 
foie and aft doth d lim s n pie si nt tho di 1 k lme and 
the side strmgi 1 s When all the widths of the 
pi ites have been atianged, the butts are diawn 
on the model W lien tho butts 11 c strapped, 
they are arranged to be midway between the two 
frames, and the* lme of the butt is parallel tw the 
frame lines If, on the othei hand, the butts me 
lapped, then they are usually close to one ot th? 
adjoining frames 

sAs 
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The Scrieve Board. When the work in*? 
model ot‘ the vessel has been completed, the lines laid 
off and faired, and the correct offsets recorded, then 
the scrieve hoard is prepared. It consists of a 
largo unobstructed black-painted floor like the 
moulding loft, hut it is always of thicker planks 
at the ground level and adjoining the place in the 
vard where the frames are being bent. On these 
hoards a full-sized body plan, complete in every 


small distance on the body plan between those 
sections, which cun be scrieved to the offsets. In this 
space all the intermediate frame sections must 
fall, and the operator then simply divides it up 
into a number of smaller spaces corresponding to 
the number of frame sections required. The dis- 
tance at a water-line between two drawn frames, ns 
AB [49], will, if the. space is small, he divided into 
practically equal parts by the intermediate frame 



46. PROFILE VIEW of WORKING MODEL OF SMALL SAILIN'..' .SHIP 


detail, is l.tid down for the guidance of the workmen 
bending the frames. Figure 47 shows a sciicve 
hoard body plan for a small vessel, with many of 
the lines omitted owing to the reduced size of the 
illustration. In the first instance, a base line and 
centre line are laid down. The vertical tangents to 
the midship section are drawn next as well as the 
rise of floor line. The water-lines an* then drawn in 
chalk, parallel to the base line, and at their proper 
height above the top of the keel. The corrected 
half-breadths tabulated on the loft are set off from 
a centre line, one cross section being taken at a time. 



47. SCRIEVE BOARD BODY PLAN FOR 
A SMALL VESSEL 


A batten of suitable stiffness is then bent, so that its 
outer edge passes through the various points. It is 
held in position ns on the loft by means of long 
spikes driven into the boards, one on each side ot 
the batten. When the operator judges that such a 
line of a frame is absolutely correct, then it is 
Hcrivved — that is, a peritm- 
nont line is produced by 

means of a **.>«• lemfe 48 SC . KTEVK KS|PI , 
|48J, which is a tool whereby 

a narrow groove can be produced in the hoards. 
In this way all the sections for which offsets 
were obtained on a loft may lie scrieved. If 
every frame section is not recorded in this way, 
it is necessary to scrieve the remainder of the frames 
by interpolation. 

Interpolation. For the ends of the vessel, 
#verv frame may have its offset tabulated. Nearer 
amidships there will be only a comparatively 


sections. They will not he absolutely equal, hut 
the skilled draughtsman will, by his eye, bo able to 
divide the space- into the proper proportionate 
parts, say three, as shown in 49. i 

Through the points thus obtained, / ' / 

the intermediate frame sections 

may he scrieved by the aid of * A -' * • 

battens, care being taken to see 1 '. 

that, the character of the lines is in 

accordance with the adjoining 
correct sections obtained from on- 
sets. in laying dow n the recorded 
sections on a scrieve hoard, not 
only the water-line half- breadths 
arc set off, but the bow- and buttock lines 


49 FRA ML 
LINKS ON 
SCRIEVE BOARD 

a ].-o 


are 

drawn in parallel to the centre lines, and the heights 
of the intersections of these lines, with the various 
<»ross sections as recorded on the loft, arc set 
up from the base line. These points are, in 
the Mat of the bottom of a vessel, much more im- 


portant. than the half-breadths at the water-lines, 
as the bow and buttock planes at this place inter- 
sect the surface of the. ship practically at. right 
angles, whereas the water-line planes intersect it 
very obliquely. In addition to points obtained 
from the recorded half-breadths and heights of 
how and buttock lines, others may he obtained by 
diagonal lines being laid down on the scrieve board, 
and their recorded distances set off from the middle 
line. If, is, of course, of the highest importance 
that- the form of the frame sections should be correct 
and nil the various systems of points, through which 
they must pass, will mutually form a check on each 
other's accuracy. 

Stringers. The halt-bfeadths of the upper- 
most deck line are also set off at the proper height 
above the base line, and they form the upper ending 
of the frame line. At the lower end, the frame 
sections terminate at the keel, and at the half-breadth 
of the stem and sternpost. When all the frame 
sections have been scrieved, the positions of tlie 
deck lines and stringers arc marked. Their height 
amidships above the base line ia obtained from 
the midship section. ^Tie heights towards the 
ends of the vessel are, in the case of the uppermost 
deck, determined by the recorded sheer neigh ts. 
which can be set off at. the proper frame sections. 
The line of the upper dock may therefore be scrieved 
through the points thus obtained. Other decks, 
such as poop, bridges and forecastle, middle and 
lower decks, are usually parallel to the upper deck, 
and their linos can be set off at the proper distant 
above or below the upper deck line. If these deck* 
should not be parallel to the upper deefc their 
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height above the base line, or in relation to the 
up|«?r deck, may be obtained from the line drawing, 
or from the offsets from the loft, and set off on the 
serieve board. The lines of hold side stringers, 
side keelsons, and margin plates of double bottoms, 
are scrieved in a similar way to the deck lines, 
but in the case of keelson and margin plate lines 
it is the half-breadths instead of the heights that 
are used in determining the points on the cross 
sections. 

Floors* The line of the frames is also the line of 
the outer txlge of the floor plates. 1 1 is, however, also 
necessary to show the inner edge of the floor-plates 
in order completely to determine their form. The in id- 
ship depths of the floor- plates at the middle line is 
usually retained well towards the ends of the vessel. 
At the side of the vessel the floor-plates usually 
rise above the height at. the centre, and the point at 
which they terminate on the frame section is 
arranged on the midship section and on the line 
drawing. The floor ends are usually carried to a 
greater height amidships than towards the ends of 
the vessel, as shown by 47. Right at the ends, 
where the vessel is of a narrow V' form, the floor- 
plates are increased very much in depth, in order 
more efficiently to tie the frames of the two sides 
of the vessel together. The line of the height of 
floor ends at the frame sections will therefore 
rise very steeply at the extreme ends of the vessel. 
The upper edge of the deep end floors is straight, 
nnd may be drawn horizontally across cm the 
serieve board. The entire form of these floor- plates 
is therefore given. 'Hie midship floor- plates are 
not usually straight in a single- bottomed vessel, 
and it is necessary to draw the correct line of the. 
inside edge of the (loor-plates on the serieve board. 
The depth of the floor-plate at the middle line is, 
as stated, nearly constant for the greater part of 
the vessel's length. The depth of the floor- plate 
nearer the side of the vessel is arranged on a. 
midship section and on the line plan or directly on 
die serieve board, where* the depth decided upon 
;il each section is set olT inside the frame line. The 
inside edge of each floor may thus be scrieved 
when the complete form of these plates is obtained 
both amidships and towards the ends of the vessel. 
Where they terminate at the side*., their breadths 
correspond to that of the frames. The line of the 
upper or inner edge* of the floor-plate is, of course, 
-i1m> the line to which the inner edge of the reversed 
frames has to be bent. 

Ribbands, hi erecting the frames of a vessel, 
and before the plating, stringers and keelsons, 
are fitted, it is necessary to have certain temporary 
wood stringers, which hold the frames in their 
proper relative positions. These wooden stringers 
are called ribbands, and consist of planks (i to 8 in. 
^imirc, some of which are tapered towards the ends. 
They are bolted to the outside of the frames as the 
latter are being erected. The position of these 
ribbands on the frames has been arranged on the 
hue plan or moulding loft, and must also be shown 
on the serieve board, where they usually appear 
more or less straight diagonal lines. Their 
position is fixed by the girth measurement on the 
hame section or by the half-breadths or heights 
•hove thd base line. Accuracy is not so very 
©-'wntial in these lines, which serve only a tem- 
porary purpose in the act of construction. The 
widths of the outside plates are next arranged. 
1 % are measured off on the midship section and 
<iXi the mpdel at the various frame sections, and 
are then transferred to the serieve board, where 
they are set off at the proper cross sections. 
lB 


Landings. Tile lines of the edges or landings 
must, however, undergo a fairing process before they 
are finally scrieved. These lines will also appear in the 
body plan as practically diagonal lines, as shown in 
47. Two lines may be drawn for each edge of the 
overlap of the plates, and the space between them 
may be painted white, to distinguish these lines 
clearly from the ribband and stringer lines. Usually, 
however, only one of the lines of the laps is shown — 
namely, the line representing the edges of the 
outside strakes of plating. For practical reasons, the 
ribbands are arranged to be fitted in way of an 
outside stroke, as they can then remain in position 
until the inside at rakes are fitted, and are capable 
of keeping the frames in their proper place while 
the outside strokes of plating are being fitted, ft 
will therefore he observed from 47 that the ribband 
lines are between the lines of the landing edges, 
and they are also kept clear, as far as practicable, 
of decks and stringer lines. 

The Ordering of Material. When the 
faired line plan, the model, and the serieve board are 
completed, the ordering of the material may begin. 
The angles for the frames and reversed frames 
may be ordered from the body plan, the model, or the 
serieve board. The lengths of a number of frames 
are measured and plotted down on a drawing as 
ordinates, the spacing of which corresponds to the 
spacing of the frames measured. A curve is then 
drawn fair through the heads of the ordinates, and 
lines representing other intermediate frames are 
drawn in, and the lengths of all these can then bn 
measured more conveniently than by measuring 
them individually on the loft or the serieve board. 
Where there is only a single bottom, the length of 
the frame is measured from the keel to the gunwale. 
Where a double bottom is fitted, it. is measured 
from the margin plate to the guttwule. A slight 
excess in length is allowed as a margin for possible 
errors, but for the midship portion of the vessel 
this should be only very small. At the ends, where 
there is more curvature in the frames, a larger 
margin is necessary. The lengths of tin* reversed 
frames are obtained in a similar manner to those 
of the frames. Whenever there is any doubt, the 
frames and reversed frames are measured on a 
serieve board, but usually the line plan is suffi- 
ciently accurate for this purpose. The dimensions 
of tin* floor- pint cm may be obtained from the line 
plan or the serieve board They cannot, however, be 
ordered to exact 

sizes, but must be V - — . » 

obtained to simple | ~ ' ^ !„ 

rough slmpes.usually c 

with two parallel 50. SITKA RED FLOOR-TLATK 
edges and tapered to- 

tt arils one or both ends. These roughly-shaped plates 
must, of course, he large enough to enable the work- 
man to obtain the exact size of the particular floor 
by shearing off the superfluous material. On the 
other hand, the size of the plates ought, for reason* ' 
of economy, to be such that a minimum of scrap 
or waste material is the result. 

Floor-plates. If the floor-plate, shown by 50, 
is to be entirely sheared out of the ordinary plate,; 
then the latter must be of the shape A B 0 I). Some- : 
times, in single-bottomed vessels, the outer narrow 
end of floor- plates is bent to shape, in whjch case 
h considerable amount, of scrap material may be 
avoided, as in ordering the plate it is necessary only 
to suppose the outer end turned down in line with 
the remainder of the floor-plate. ABCD [51 1 
will then provide sufficient material of the floor- 
plate. Tn some instances, the floor- plates go rigid. 

mi 
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ncroHH the ship from side to side. When they are 
straight on the up]>er edge, they may be ordered to 
a triangular shajxj if the rise of the floor h great, or 
to a rectangular shape, if it is small. More often, 
the floor- pin tew arc hutted at, or, alternately, ateaeh 
side of, the centre line. The. ordering of the end 
Uoor-plal.es is most 

conveniently made «' ^ 

from the. serieve r ' . \ D 

hoard, where the 51 bent floor PLATE 
exact triangular or 

trapezoidal form is shown to full si/.e. The Honrs at 
flio bulkheads arc deeper than the remainder, a ml 
are usually ordered separately. The two sides of the 
vessel being alike, the order for the frames, reversed 
frames and floor-plates for the one sale, is a dupli- 
cate of the other, except where the floor-plates are 
of unequal lengths. In ordering any kind of material 
for a ship, earn must be taken to specify it. to he 
marked by the steel-makers, so that it can he readily 
identified when it arrives in the shipyard. The 
vessel’s numl>er must, lirst of all, be on every plate 
and angle, and next, a mark signifying where they 
are intended for- say, for instance, K.F. No. 3?) for 
reversed frame on frame 31), or FI. No. 77 for the 
floor- plate on No. 77. 

Outside Plating. Great care should lx* take u 
in ordering the outside plating, as it is one of the 
most expensive items in the vessel, and at the same 
time, one of the most difficult to order correctly. 
The widths of the strakes are shown on the mid- 
ship section and the model, but they are better 
obtained from the serieve board, as the former 
cannot be depended upon to be exact enough. The 
lengths of the plates, however, can be obtained only 
from the model, as, owing to the curvature of the 
ship’s surface it would not appear correctly in any 
of the views shown by the various drawings, (.’are 
must be taken in measuring these lengths to allow 
for the bend and twist in the plates, and both sides 
must he measured to see which is the longer. For 
the midship flat part of the vessel, the length of 
the plate can be ordered to very nearly the neat 
size required, but, near the ends of the vessel, where 
the curvature, and the, twist becomes greater, it. is 
necessary make a considerable allowance for 
contingencies in the working of the [date. Some of 
the plates may have considerable curvature in their 
edges, in which case it- is necessary in ordering to a 
rectangular or trapezoidal plate, from which they 
are to be cut, to allow for the round in the convex 
nkJc by adding to the breadth obtained from the 
s-rieve board for the ends of the plate. 

Expansion of Plating. In some in- 
stances the outside plating may be of such a 
character that it cannot be ordered directly from 
drawings which represent projected views only. 
The working model shows in all cases the form of 
the plates, but owing to its small scale, it cannot 
be relied upon for exact measurements when the 
curvature of the plating is great. Kven if the 
dimensions, as shown on the model, w'ere correct, 
it would be difficult to measure them on the bent 
surface. It is therefore sometimes necessary to 
draw an expanded view of such pin ting, in order 
that the real size of the individual plates may appear 
in a plane view, where their proper dimensions can 
be measured. A plate which is curved in two 
directions cannot be expanded exactly, but, as 
already pointed out, the individual plates of the 
outside shell of a ship have practically only curva- 
ture in one direction. The plating of the stern or 
counter of -A ship is of such a complex nature, 
and H it necessary to develop it. from its various 
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correct sections as obtained from the final loft 
offsets. The surface of this plating is, fortunately, 
in practically all cases truly cylindrical — that is, it b 
curved in one direction only, and it can therefore 
always be correctly developed. The form of tic 
stern is given by 
its elevation and 
plan views, as shown 
in 52. The counter, 
being merely the ter- 
minal ion of the ves- 
sel at the, after end, 
must, be considered 
only as a part of the 
hull proper in the 
fairing of its lines. 

The stern is a very 
prominent feature of 
a ship, and much of 
the graceful appear- 
ance of a vessel 
dopertds upon its 
sat isfaetory form , 
and its being in har- 
mony with the remainder of the vessel. There must 
he no discontinuity in the buttock lines, where th<* 
stern joins the bull : at the knuckle line there is a 
change in their direction, but they are usually 
nearly straight on both sides of this line. When 
the form of the stern has been determined,, a in I 
its lines have been arranged to run fair with those 
of the remainder of the vessel, then it may be dealt 
with separately in the arranging of its frames, 
beams, and plating. 

Elliptical Stern. Figure 52 shows an 
ordinary so-called elliptical stern, the surface 
of which is truly cylindrical with a more or lcs> 
elliptical cross section, and with its axis inclined 
to an angle of about *15° to the vertical. r JTi<* 
elevation and plan views of tin* deck and knuckle 
line are simply the vertical and horizontal pro- 
jections of the intersection of the planes of the deck 
and knuckle with the surface of the cylinder. Tin- 
buttock lines beween the knuckle and deck lines 
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are generators of the cylinder, being lines of intoi 
section between the surface and planes parallel 
to its axis. To be able to order the stem plating, 
it is necessary to obtain its true form, which may 
be done as follows: The line All in the elevation ot 
52 is prolonged upwards, and lines are drawn ;d 
right angles to it at K and L, so that BK. and Kb 
are equal to the distance between the buttock 
planes, or equal to ON and N.M ill the plan view. 
The buttock line 
(T), which is also 
a. generating line, 
is prolonged until 
it meets the line 
through K in (< , , 
and FF is simi- 
larly prolonged 
until it meets the 
line through K in 
H,. A fair line 
t. h r o q g h CS , H t 
and other simi- 
larly obtained 
points, gives the 
ionn of a cross send ion of a plane at right angl' " 
to the cylindrical surface of the stern. lh<*' 
lines at A and B at right angles to AB, and s« t 
oil along these BG 2 and BH a , equal to BG ami 
BH, respectively, which represent the true length 
along the surface from B to the respective generatin'.- 
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lines. Draw lines through Go and H„ parallel 
to BA. Those will then represent the generating 
lines DC and FE on the expanded surface. Square 
over the points D and C to P 2 and C 2 respectively 
and F and E to F a and E 2 respectively ; then fair 
lines drawn through the points B, D.,, F 2 . and 
A, C 2 , E a , will represent the bounding lines of the 
expanded stern plating. It will he noted that the 
expanding of the surface of the stern plating merely 
consists in the unrolling of the plating so as to be 
able to obtain its form in a plane surface. Fewer 
lines than would be necessary in actual practice 
have been used here for the sake of clearness, but 
j< will be evident that the entire surface of the 
stern plating can be accurately obtained in this way. 


Counter Frames and Beams. The 

frames and beams of the counter are usually 
arranged diagonally more or less at right angles 
to the plan view 


4,r[£[ 

T ; if;.;"! r 



1 — 1 — 1 T 1 — T- 

T 1 -7' T**r-J — T-'-'V J 


r 

3 _ 


of the dock and 
knuckle lines, sav 
1), N and F 1 TV1 
1 53), and they 
imtt against the 
transom plate, 
which is a deej) 
athwart ship door- 
plate, attached to 
the sternpost, 
and is represented 
l>v the line OM 
|53|. When the lines of the frame have been 
otormined in plan view, the points Dj, K, and 
Kj are easily squared up and the vertical pro- 
jections obtained in the elevation. r riie points 
I) and C and F and E thus obtained may be 
squared over to the developed deck and knuckle 
lines, when the expanded lines of the frames may 
lie drawn. The joints of the stern plating are 
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is usually ton scale of } in. equal to l in. The exact 
outline of each bulkhead is obtained from the lino 
plan, and the landings and butts having been 
arranged, the plates can be easily ordered "to suit 
the required sizes. The stiffeners are arranged 
either vertically or horizontally, or in both 
directions; and their lengths are easily measured on 
the plan. The bulkhead frames consist, as a rule, 
of double angles, and they are ordered with ordinary 
frames. The plans of the iron or steel decks and beam 
stringers are drawings showing in plan view the 
arrangement of all the plates and angles with butts, 
etc., on the various tiers of beams. Such a deck 
plan is illustrated in 55. The length and breadth 
of each plate being shown in correct sizes, the dimen- 
sions for ordering are easily obtained. The lengths 
of the various stringer angles may also be readily 
measured on the deck plan, as may also the lengths 
for ordering the beams. A plan of a tank top or inner 
bottom is practically similar to that of a deck, and 
the plating can be* ordered in exactly the same way. 
For keelson and stringers in hold, a plan is not 
usually necessary for ordering the material. The 
arrangement of butts and the lengths of the angles 
and intercostal plates can, as a rule, he obtained 
with sufficient accuracy from the model of the vessel. 

Ordering of Minor Item9. When all 
the steel for the main structure has been ordered 
there still remains a large number of minor items 
for which material is required. The ordering 
of this is proceeded with as the detailed drawings 
are being prepared. In some instances where, as 
in. the ease of beam knee brackets, intercostal plates, 
etc*., a very large number of small pieces of plates of 
a given form arc required, they may bo ordered by 
templates, which means that a wood pattern is 
made to full size and to the exact form of the plate 
required. They are sent to the steel-makers, who 
ran then supply t lie items in the exact form in 
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arranged to come between the frame stiffeners, and 
when the lines of the latter have been drawn on 
Ike expanded surface of the plating, it is an easy 
matter to arrange the former. The true form of 
the required plates is therefore obtained, and the 
necessary material (ran be ordered, with the usual 
allowance for contingencies. QTHS [53 1 may 
roptesent one of the stern plates with the frame line 
Ik.Gjj running along its centre. 

( Construction Plans. As soon as the 
knes have been faired, all the various plans 
‘‘bowing the construction of the vessel may 
(, c proceeded with, such as the bulkhead, dock 
■md stringer and inner bottom plans. A lnilk- 
kf'ad plan is simply a drawing allowing the disposi- 
tion of the plating and stiffeners of a transverse 
watertight bulkhead, such as is shown in 54. It 


which they are going into the ship, whereby all waste 
of unnecessary material is avoided. Ill all shipyards 
there is always a considerable stock of plates and 
angles of the most common sizes required, and it is 
therefore unnecessary in many eases to order 
material from the steel-makers. The workmen may 
simply he referred to the stock in the yard. The 
ordering of the stern frame, rudder, stem, and all 
other forgings or eastings, must be done ns soon as 
possible, as it may possibly take a considerable time 
before they can be delivered, whereby' delay may 
he caused in the building operations in the yard. 
These items are ordered by exact, complete, and 
detailed drawings, and in addition, where the design 
is very intricate, complete full-sized patterns may 
be supplied for the guidance of the forge or foundry 
supplying them. 


Continued 
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LACE HAT TRIMMINGS 

How to Join Lace for Millinery Purposes. Lace Quills and Coquilles. 
Ruching-s and Accordion Pleatings. * Lace Fans and Rosettes 


By ANTOINETTE MEELBOOM 


I ACE trimmings are always worn, (‘specially in 
the spring and summer. in a groat variety of 
ways. 'I hoy take the form of scarves, medallions 
of all forms, piece lace draped, or smaller pieces of 
lace shaped and wired in different fancy shapes, 
such as. quills, fans, coquilles of all forms and 
sizes, and so on. 

One of the first things to learn is to join the 
lace invisibly, as any cuttings of* good lace may 
be utilised. In covering shapes entirely with 
lace, it is also important to join the lace neatly 
wherever pieces have to lie cut away or let in to 
form the cmves. 

How to Join Lace. Pin the two cut 

edges over one another, so that the pattern 
matches exactly f 157]. With line cotton, the 
texture of the net part of the lace matching it in 
colour, oversew round the chief lines of the 
pattern across the lace. Keep to the pattern as 
much as possible, as the stitchers will he invisible 
at that part. Whim coming to the net 
part of lace, each little mesh must have 
a stitch, and, when correctly joined, 
they will go in a slightly diagonal direc- 
tion. 

(/tit the lace ifititr ch>u‘ to the stitches, 
no turnings showing on either side of 
the join. 

Lace Quills. To make a lace quill 
or wing (158], place paper pattern on 
Jace, net, or chiffon, front to cross, 
and (rut out with { in. turnings. If 
the lace has a pattern, place that in 
the centre of the quill or wing. 

Wi ro-st itch wit K lace wire round 
the edge, turning the ] in. turning 
over the wire on the light side, and 
allow 2 in. to .‘1 in. of wire at each 
end. at the bottom, to form a stem. 

Finish it with a plain or fancy straw 
edge, ruching of chiffon, millinery 
jet or lace edging, which will pre- 
vent. the turning from showing. 

Pretty quills can be made of inser- 
tion lace. 

A Lace Fan. The length required 
to make a lace fan depends on the 
tineness and depth of the lace to 
bo used [ 159]. Lace 5 in. deep and 
^15 in. long will make a pretty little 
fan for a toque or bonnet. 

•Slope the 15 in. to 10 in. at the lower edge. 
Join it. in a round. Nip round the wire \ in. at 
the top to prevent the sharp edge tearing the 
lace. Wire-stitch the wire to the lace, the stitch’Cs 
just fitting round the wire ; finish it off securely 
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Tf a pattern has scollops or points at one edge, 
make the wire supports come in the centre of one 
of these, always beginning i in, from the edge, 
firmly sewing the loop of the wire to the lace. 
Nothing is so unsightly as ends of wire standing 
up above a lace trimming. 

Whip round the bottom edge, arrange in a 
pretty shape, and bind the cotton round the wire 
ends at bottom. Little fancy lace pius are used 
to keep the lace in place, pinned in about the 
middle here and there. Lace may also he wired 
the way of the selvedge, two or three row's ot 
(neks run in, lace wire* inserted and the lace 
drawn up, thus making a pretty trimming. 

Coquilles. Coquilles are made in a similar 
way. A piece of wire about t> in. long is left at 
one edge, and the other wires are arranged on to 
it, thus forming a kind of cascade. The lace 
kept in place with a little, fancy lace pin in 
various places. 

Kilted Lace. Kilted lace (‘an hi 
bought machine-made, hut often a 
milliner may have a short piece of lace 
ribbon or silk to kilt, just for a small 
cockade bow or chou. If she has not 
her ow n kilt ing machine, it can easily he 
done by hand 1 160]. 

Thread three or four needles, accord- 
ing to the width of the lace, with soft 
cotton. Float the lace evenly, the pleats 
depending in width on the thickness 
of the lace. For a pointed edge 
lace keep the points defined. 

[rack the pleats, beginning from 
the top, using all the needles in 
turn when a few pleats have been 
made. Keep them quite straight, 
and let each pleat just meet the last . 
Press them on the wrong side with 
a warm iron, between tissue paper 
Take out the taekings by cutting 
the cotton at frequent intervals. 
Ribbons, pieces of silk^and other 
material may be. treated in the same 
way, and to the width tig? machine 
will fake. 

Accordion Pleating. Accor 
dion pleating is different from kilting, 
as in the latter each pleat just, meets, 
while in the first all the pleats arc 
at the top of one another. Jt can 
be done at home for millinery purposes 
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easily 


with an accordion pleating machine of mediu 
size. Join the lengths, press the seams, machine 
the lace or any other kind of edging to both the 

— edges, pleat and press in the machine, and cut 

at the bottom, allowing 2 in. or 3 in. beyond the afterwards to the different widths required. 

lace. I lace one w ire at the join, one in the centre, accordion pleating, six times as much as * s 

and one between the centre and ends. required when finished will be wanted, 
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Ruchings. Ruchings of lace, tulle, not, or 
ribbon insertion laoc with the two edges alike may 
also be used, or piece lacc finished at ends with 
baby ribbon and fancy edging ; or two narrow 
pieces of lace may be sewn together by their 
straight edges. 

Ruchings are merely a succession of box-pleats, 
either single, double, or treble [161, 162, 163], 
or even as many as five or six pleats at the 
top of one another may be used. They are 
gathered or pleated in the centre, 
leaving the edges free. 

Make a pleat towards you, and 
another exactly on the top, and two 
in the opposite direction. Each pleat 
must be the same size, and each set 
of pleats just meet the last. When 
finished, the edges are caught to- 
gether. 

Ifor single box-pleats, allow three 
times the length wanted [ 161]. For 
double box-pleats, allow five times 
[162]; for knife pleating, allow two 
and a half times the length needed, 

'I’li lie rnehings pleat into one-sixth of 
l he measurement. Tulle or net 
rnehings are usually cut double the 
width required, the cut edges coming 
in the centre. For fine makes of net live times 
the length is required. 

Narrow tulle or chiffon rnehings should he 
about J in. wide when finished. Run them 
through the centre, catching the cut edges. Box- 
pleating is ineffective in so narrow a width. 

Lace and Net Quillings. Quillings are 
used for cap fronts or as trimmings for hats and 
children's millinery. They are made with a 
MicrcHsion of single box-pleats, each pleat over- 
lapping the last alternately at 
front and back. For quillings, 
allow four limes the length re- 
quired. 

Quillings of tulle for bat ruches j 

!"<>k best when cut the length- 
ways of the tulle, thus avoiding 
joins, and giving the better result. 

(■ut the tulle in strips of about 
a in. wide; fold it in half; hold 
lightly the two cut edges, and 
Make the quilling as described 
above, securing each pleat as it is 
made. 

After some practice quilling can 
be done quite quickly. Light 
handling, cool fingers, and great 
care to keep the ruehing the same 
width and the pleats the same 
>lz e for the whoje length, are 
essential to a successful result, 
mi quillings or ruchings of tulle, net or chiffon, 

"r any other transparent material that crushes 
easily, sew on from this back or between the 
pleats. This requires great care, as lightness 

touch is essential with all such work, or it 
u ill become crushed in the sewing-on process. 

Ribbon and silk ruchings may be sewn from the 
outside or betweon the pleats, and the stitches 
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taken through to the upper side. Some ruchings 
are made on a narrow piece of ribbon, and sewn 
to the shape by that means. 

Lace Rosettes. For rosettes, whip the 
lace in the centre or at the edge, and arrange 
similarly to tulle and not rosettes. 

Lace Lappets. Lace lappets are used for 
old 1 Julies’ bonnets and caps. They take from 
1.1 yd. of lace each. Oversew the two edges 
together, beginning from the cut ends [166], 
Fold up the triangular piece [167] at 
tbe end, and cut the lace underneath 
close to the fold [ 167]. (Jut through 
the fold, obtaining thus the little tri- 
angular piece of lace without, a 
join | 167a]. Place this piece in the 
triangular place as shown in 168, and 
join carefully, as for joining lacc [157). 

Figure 168n shows a piece of la<jp 
left with join in tin* centre. 

Joining Light Materials. 
To join tulle or net, overlap the 
edges for about 1 in., pin and tack. 
When the trimming is complete, take 
out the tacking stitches, and the join 
will be invisible and quite firm [164], 
To join chiffon, turn in about j in. at. 
out edges, dovetail them together, 
ant tiick[165J. La f, e, net and ehilfon veils of 
kinds are sometimes worn as a trimming 
for hats. They can he made of a line make 
of net, with a small pattern edged with narrow 
kilted lacc, velvet ribbon, or narrow ruchings. 

The net or lace can be obtained in almost any 
colour and looks well edged with another colour 
or a deeper tone of the same shade. 

In the making the worker should be careful 
to ease the lace at the corner, or, when velvet 
ribbon is used, to turn if in suffi- 
ciently. The drapery will not set 
well if it is at all tightened. The 
edges of chiiTon veils are turned 
m twice and neatly run with silk 
to match. 

At the present time veils are a 
very fashionable trimming, and if 
arranged artistically, make a 
charming, and to many people a 
particularly becoming, finish to a 
hat. But the milliner should 
remember that nothing can give 
an appearance of bad style so easily 
ns a badly arranged veil which 
is too long and which droops over 
the shoulder in a heavy mass. 

A small lace veil carelessly 
draped round a neat travelling 
hat which boasts nothing else in 
the way of trimming but, for instance, a bird’s 
wing wonderfully softens and improves the 
general effect. 

Such veils, of course, are fixed with small 
fancy pins, which fasten them quite as securely 
as, and far more effectively then, stitches. 

The small veils used to trim travelling hats 
ate of white or cream net, with a border and 
ends of lace. 
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By Professor JAMES LONG 


A LTHOUGH poultry are so largely bred for 
**■ exhibition and for the purpose of gaining 
prizes, the main object is the production of food 
for man — eggs and meat. Tn order to achieve 
success in this work it is necessary to follow the 
lines of procedure which breeders of larger stock 
have now followed for so long a period with such 
distinct benefit to the whole community. 

Achievements of the Ornamental 
Fowl Breeders. For half a century breeders 
of poultry for exhibition have mated their 
birds on the principle of selection. Tf they 
desired colour of plumage, symmetry, or size, 
they have chosen breeding stock which corre- 
sponded in the highest degree with their require- 
ments. They have, in a word, bred from the 
best coloured, the best shaped, and the largest 
specimens obtainable. 

The producer of beef, mutton, or pork selects 
his breeding stock from among those cattle, 
sheep, and pigs which, making tin* most of their 
food, attain to the greatest weight in the shortest 
time. The producer of wool employs not the 
breed which converts its food into mutton the 
most quickly, but which carries, as its ancestors 
have also carried, the largest and finest fleece. 
And so it is with the pure races of poultry. 
The amateur has, during a long course of years, 
fixed certain types of form, colour, foal her, comb, 
car, and other fancy points, although in but few 
cases has lie made, until recently, any attempt 
to increase the number of actually utilitarian 
breeds. 

The Development of the Brahma. 

What has been accomplished so successfully by 
breeders for exhibition, then, can be equally well 
completed by breeders for meat and eggs. 
Indeed, we hold the opinion that had one half the 
energy, persistence, and skill that has been 
exemplified by the amateur in response to the 
demands of his hobby been employed on breed- 
ing for utility, we should now be in possession of 
birds which would stand upon the same plane 
as the Shorthorn among cattle, the Lincoln 
among sheep, and the large White York among 
pigs. We may take one instance in point. The 
Rrahma [ 67 , 68 ] came to us from the East a raw, 
ill* fashioned fowl, as distinct from the bird of 
f e-day as the Aberdeen Angus bullock is from 
the buffalo ; but the amateur put his back into 
the work of selection, and obtained a marvellous 
result. Had he proposed to convert the new 
breed into a table or laying fowl of great ex- 
eellence a few years would have sufficed ; but 
be determined to introduce a superb form of 
feather marking and colour, and he succeeded, 
although the time occupied in the process was 
necessarily much prolonged. 


’The Value of Crossing Breeds. It is 

probably quite correct to assume that the best 
layers, omitting the few birds which have been 
bred on the principle of selection, and the best 
table fowls are the result of a cross between two 
, pure breeds. Successful production largely 
depends on constitution. Pullets bred from two 
inferior laying breeds -like those the produce of 
parent stock not remarkable for its vigour on 
cither side — arc hardier and lay better than the 
heris of those breeds. Crossing provides a fillip 
to the constitution of the. produce. The Dorking 
(7, page 4X55, and 71 J, like the Brahma, is a 
layer of the second class, but pullets produced 
by crossing the two breeds lay better than either. 
The Fleohe fowl 1 18 j is delicate in constitution, 
and although a layer of large eggs, those eggs 
are not very numerous. If, however, we cross 
the Fleche with a breed of similar character, 
we obtain hardy birds, and a larger number of 
eggs. Thus it is that for some years a newly 
manufactured breed like the Wyandotte fl3|, 
the Plymouth Rock) 12 j, or the Orpington | 14 | 
does good work. It is the product of a variety of 
crosses; it draws upon the constitution of each 
breed employed; it is hardy, fertile, and pro- 
ductive. In course of time, however, it follows 
tlie example of breeds which have preceded it. as 
the Cochin [70], the Brahma, or the Spanish [65], 
and unless sustained by selection and the eonse- 
quent introduction of blood intended to maintain 
its constitution, and to improve its productive 
powers, it loses its utilitarian properties and is 
lost in the crowd of useless breeds. 

Purity of Breed Unnecessary. Let 
us next point out what is involved in the 
selection of breeding stock for the production of 
eggs and meat. The breeder may determine 
to adhere to a pun* breed, or he may discard 
sustained purity altogether and make his selection 
from what source or sources he chooses. There is, 
however, no object, in sustaining purity of 
breed. The egg from a highly- bred Indian Game 
( 21, page 4t)51j hen is no more valuable than 
that from a barn-door fowl. The cross-bred 
Dorking Came capon is equal to a capon of any 
pure race, and infinitely superior to the great 
majority, and the remark applies to the table 
bird of every class. 

Thus far the way is clear. How, then, should 
the breeder start ? If he desires to obtain eggs 
his course is clear — he should si rike out a line for 
himself and follow it with pertinacity. He will 
purchase large-framed hens of a breed or colour 
to suit his taste, taking care that they have not 
passed their second year, that they are in robust 
condition, and that they are, as far as he can judge 
or ascertain, layers of a large numlier of buff eggs, 
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for the public prefer a tinted to a white egg. 
Since the establishment of laying competitions 
a number of breeders have made a point of 
testing their hens and recording the number of 
egg h they lay. Trap nests, which close auto- 
matically as the hen enters, are employed. She 
is liberated by her owner or his assistant and, 
being recognised, is credited with the egg she has 
laid. By this means it becomes possible to 
select (he best layers from the flock, and to retain 
them for the next season’s breeding. The male 
bird intended for mating with these hens should 
be a son of the best -known layer, conditionally 
upon his being typical and full of lusty life. 
Size is not so import ant in the ease of the cock 
as of the hen ; but he should l>e above the average. 
The larger the hen the larger the egg —although 
the rule has exceptions —and 
consequently the larger the 
chicken. As the 
practice pro- 
ceeds it will be- 
come a natural , 

method of pro- 
cedure to select 
the cockerel in- 
tended for stock 
from the produce 
of the best laying 
hen, and so on 
from yearto year. 

Value of the 
Cockerel* As 
the practice of - 
utilitarian breed - 
ing extends 
buyers will lx* 
much more will- 
ing to pay £10 
for a cockerel 
the produce of 
a hen which has 
laid 250 eggs within her year than for a show 
bird of great perfection. Cattle have realised 
thousands of pounds, and sheep over a thousand 
guineas a head solely for the reproduction of 
st<x*k intended for beef and mutton. It is among 
poultry alone that, we find animals intended by 
nature as food producers, bred and fed to please 
the eye. instead of to satisfy the palate. Why 
then, should not the poultry 
utilitarian production his aim Y 

Some Useless Breeds, 
to guard against imperfect ions, 
birds of small size, whether they are of pure 
breed or no breed at all, must be avoided; the 
hens produce small eggs, while the chickens 
provide but little moat. Again, birds of those 
^varieties which have lost every utilitarian 
qualification — if, indeed, they ever possessed 
any — are equally useless. We refer to the Polish 
[8, 81, and 82], Sultans [80], Spanish, Cochins, 
Aseels [40, page 5089], and all breeds of similar 
type. Nor is it, quite worth while to risk the 
Leghorns j23|, much as they are praised, for the 
reason that they art* undersized, and therefore 
little adapted to the production of an abund- 
ance of meat or of eggs of large size. 
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breeder make 

It is important 
For example. 


Buying Eggs by Weight. It should be 
remembered that if eggs are not bought by weight 
directly from the producer in our own country, 
the practice obtains in Denmark, where egg 
culture is more highly organised than in any 
other country in the world, and with time it is 
certain to liecome general. In British' trade 
the larger the egg the higher the price the 
retailer pays for it, although he seldom makes 
any reduction hi his charge when his goods are 
small. The producer, however, who seeks to suc- 
ceed will make a point of charging higher prices 
to his private customers for the large eggs he pro- 
duces, and he should aim at excluding anything 
weighing less than 2 oz., or eight to the pound. 

Points About Table Fowls* In the 
case of table fowls, every bird intended for stock 
should be rigidly subjected to examination, 
and, so far as is possible, some recent history 
of her ancestor:- 
should be ob- 
tained. Although 
buyers are not 
so prejudiced 
against coloured 
skin and feet as 
formerly, white- 
ness of both 
should be as- 
sured, for skin 
tinted like the 
palm of a lady's 
hand is preferred 
by the high-class 
dealer, the cook, 
and the lover of 
a delicate part 
of the carcase. 
Whiteness 
usually indicates 
quality, espe- 
cially in the 
Dorking and the Fnglisli Game | 41]. Again, 
the breast must Ixf straight, broad, and dec*}), 
that it may carry abundance of line meat. 
A table fowl, in a word, should be large, white- 
skinned, and fully developed in those parts 
of the carcase where the most tender meat is 
found -the breast, merrythought, and wing. 
Such birds carry much less offal than the inferior 
table breeds, such as the Cochin and Brahma, 
both of which possess large frames, with a 
correspondingly small quantity of meat, w T hile 
the bones, skin, and intestines weigh much more 
than they should do. 

Avoidance of Inferior Birds. Now, it 
is evident that if we would ensure quantity 
and quality of meat we can only obtain it 
by following the practice already suggested— 
selecting our breeding stock on both sides from 
among those birds which arc specially excellent 
in relation to both qualifications. Nothing should 
be left to chance. To use an inferior bird is to 
court certain failure. Th all cases, however good 
the parent stock may be, we are certain to obtain 
a large percentage of second-rate specimens 
How much more unlikely it is, - therefore, if 
we breed from stock which possesses few. 





BANTAMS ANI) OTHER SMALL BREEDS 

72. Japanese Bantams 73. Black Red Game Bantams ’74. Whlte-lmofccd Ppitoma- 75. Silver SebriKht Bantiuns 76. Pekin 
Bantams 77, Black Roseoomb Bantams 73. Malay Bantams (jangled) 79. Tailless 80. Sultans 81. White Polish Bantams , 
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if any, essential qualifications, that we should infertile eggs in the very early months. ISimi- 

obtain any produce adapted to our particular iarly, the females should be early pullets, although, 

purpose. if laying hens a year older are obtainable, so much 

Chickens Should be Hatched Early, the better, for the reasons that they produce 

In brooding for market or egg* product ion it stronger chickens, while their eggs are larger, 

is highly essential to hatch the chickens early. Early hatching necessarily involves more trouble 

The ordinary poultry-keeper makes no special in feeding, in protecting, and, generally speaking, 

provision in this direction. He sets his lions in roaring the chickens, since the weather is much 

in March, April, arid May, and sometimes less suitable to their requirements than in spring 

even in June, with the result that the pullets andsummer. What, however, has been so success- 

do not arrive at maturity before the arrival of fully overcome by the cattle and sheep breeder 

cold weather, and, consequently, they do not can lx* overcome by the poultry -breeder, who will 

begin to lay until February or March in the supply special foods and provide the necessary 

following year. . Thus a bird hatched in May warmth and shelter. Here, too, we notice the 

must be fed for some nine months before she value of the stress which we have laid upon the 

begins to make any return. Her first laying importance of constitution, for weakly stock will 

year is probably in such a ease confined to six produce still more weakly chickens, which, if 

months, inasmuch as the moulting season arrives hatched, will only die. 

with July, and after moulting few hens lay Avoid Late Spring for Table Birds, 
with any regularity until early spring oner more It should now be quite clear to the reader that 

arrives. It is, however, quite uneconomical to for the purposes of egg-production young stock 

keep hens after the moult. They should be sold must be hatched early. It is, however, equally 

with its arrival, when they are usually in good important that chickens intended for the table 

condition; otherwise they may . , v ; should be early. As we have seen, 

have to be kept for six months at , , ^ ^ , the vast majority of the poultry - 

a cost which will exceed in value r i> keepers of the country hatch their 

the return they make in eggs. xjfei f t chickens in late spring, 

A laying hen among ' ' ' with the result that the 

ordinary stock is i. '/ jSSp w markets are crowded with 

not worth keeping ‘ jH'uij^VwL birds from Septem- 

after she has com- f j r jSBhjui ber forwards, and prices 

pleted her first Wv, are consequently low, so 

year's egg - pm- low’ that the profit realised, 

duction, and that if any, must be too small 

year is assumed to pay for the trouble in- 
to be as nearly - ' ''ywyyMdffflf .. volv(»d. High prices are 

as possible twelve ~ Jr only obtainable when the 

months. In oilier ^ poultry-market, is poorly 

words, from the supplied, and this is the 

time the pullet “ -•■tvs** ease between March and 

begins tolay — some June, although imported 

six months after 82. silvkk polish birds to a large extent fill 

hatching, although up the gap. No chickens, 

tlu* period may be slightly more or less — until however, can equal the best home-bred and fed. 

she begins to moult as a young hen she should and those who produce the best will, we con- 

produce her maximum yield. That yield we fidently believe, always be able to obtain 

estimate to average throughout the country 80 remunerative prices during tlur season. To 

eggs, but in the hands of capable people, pullets supply the April and May market chickens 

specially bred from selected stock will lay from should be hatched in December and January, 

150 eggs upwards if they have been hatched and finished with the cramming process, by 

very early. In competition, 250 eggs has been which means a large addition will be made to 

reached, and in many cases from 200 to 220. their weight in from two to three weeks. It is 

The Use of the Incubator. If hens essential, however, that they should be of the 

for the purpose of hatching are unobtainable. right blood, inasmuch as birds of the lean and 

the incubator must be used, and the stock birds small breeds do not appropriate the food sup- 

having been mated by tlu* end of November, plied to them with the same excellent results, 

eggs should be obtainable by the first week of Eggs for Hatching. It is important to take 
January, and work begun. It is, however, w ise care in the selection of eggs for hatching. A small 

to keep a good stock of young birds specially bred egg cannot produce a large chicken. An abnor- 

V>r purchased for sitting — Dorkings, Wyandot tes, rnally large egg may contain a double yolk, and 

Plymouth Rocks, Cochins, Brahmas, Orpingtons, so fail to produce a normal chicken. Malformed 

or crosses between any of these breeds. They eggs, and eggs the produce of pullets during the 

must necessarily have been early hatched in their week they first be'zin to lay should also be 

turn, because they will not begin to sit until rejected. We strongly advise the breeder to make 

they have laid a batch of eggs. The male bird a point qf rejecting all eggs which fall below 2 oz. 

used should be an early hatched cockerel, for in weight, while making every effort to obtain 

if an older bird is chosen there may be many as many as possible w'hich approximate to 2J oz. 

Continued 
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INTERNAL PLUMBING 

Lead and other Work for Internal House Plumbing. Wiped and other 
Joints. Internal Water Supply. Cisterns, Taps, Sinks, Baths and Closets 


Group 4 

BUILDING 


Continual from 
pa*«s Mfc? 


By Professor R. ELSEY SMITH. 


r T , HR work of the internal plumber is mainly eon- 
* nected with the supply of water to the building, 
its distributioii to the various fittings by means of 
pipes, and the installation of these fittings, with 
(he necessary precautions to prevent damage 
to the building from overflows or other accidents. 
The work includes the preparation of some liftings ; 
but, for the most part, fittings are supplied by 
special manufacturers to the plumber complete, 
with instructions as to fixing. The principal tools 
used by the plumber have already been described 
| page 5030], and we may proceed, therefore, at once 
to the important subject of pipes and joint-making. 

The pi|»cs used by the plumber are either of lead 
or iron for most purposes, though copper pipes 
are also used. 

Lead Pipes. Lead pipe* produced by hydraulic 
machinery are known as drawn pipes, and are in 
almost universal use. Pipes having the same in- 
ternal diameter are drawn of various thicknesses 
t>f metal, ami are described by their weight per 
yard run. The following table gives the approxi- 
mate weights of pipes of various diameters known 
as strong, middling, and tight ; but these weights 
are not uniform. The requirements of different 
water companies are apt to vary as to these 
weights, and should always be carefully ascertained 
before work is begun. 
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Strong pipes arc required for all pipes charged 

from the companies’ mains, and in eaSes where a 

considerable bead of water exists in service pipes. 
Middling pipes may be used for ordinary. service 
pipes and for wastes. Light pipes are principally used 
for overflows w'ith open ends and for services in 
inferior work. 

Iron Pipes. Iron pipes are very generally 
used for the rising main conveying the water from 
the water company’s main to the cistern, and 
may be used for service pipes ; they are also 

used for all hot- water services. They may be 

(he ordinary black pipe, but such pipes are apt 
to rust internally and to discolour water passing 
through them, consequently galvanised iron pipes 
are preferable. The pipes used are known as 
‘brought- iron welded steam tubing; the ends arc 
screwed, and union sockets are the most convenient 
;, s allowing of ready disconnection [2J; but pipes 
with socketed ends are also used. Tees, bends, 
sockets, reducing sockets, angles, etc., have to be 
provided for fitting up the pipes, and they may he 
fixed to the walls by means of wall hooks. Patent 
<dip» are also used. These are pinned into the wall, 
: 0 , - 


and have a ring, half of which is binged so that the 
pipe can be inserted and then gripped, and it is 
thus Judd a short distance from the wail face. Cold 
pipes may he fixed against woodwork with an iron 
or brass band passed round the tube and screwed 
to (be woodwork [1 J ; but no hot- water pipes sbouldbe 
in contact with woodwork. The joints in iron pipes 
are made with some strands of tow and red lead as 
packing, and are screwed up tightly. 

Copper Pipes. Copper pipes are used in very 
high-class work, and also have screwed ends; the 
unions, elbows, etc., are made in gun-metal. The joints 
may he made with graphite or with red lead. Where 
used for hot water, pipes should not be so rigidly 
fixed that they are not free to expand and contract; 
and in positions where the necessary fixing pre- 
cludes the possibility of the pipes having such play, 
a loop may he formed in the pipe, to permit of such 
movement. This is a bettor arrangement than any 
form of ordinary expansion joint for service pipes 
under pressure. 

Jointing Lead Pipes. There are various 
methods of jointing lead pipes; of these the wiped 
joint is perhaps the most usual plum bora* joiut, 
but the dypper bit joint and the bbnrn joint are useful 
for many purposes, fn preparing for making the 
copper bit joint-, the bit itself, which is of the hatchet 
form (67, page 5030], must be properly tinned. 

Tinning the copper bit consists in covering the 
end of it with solder, giving it the appearance of 
being tinned. This is done with tho same (lux as 
is to be employed in the work to be soldered. For 
lead work this is usually lit a el: resin ; for iron, brass, 
copper, etc., killed spirit is *nsed this consists 
of spirits of salts into which has been drop(K‘d as 
much zinc as it will dissolve. The end of the hit must 
he tiled perfectly clean and free from any smoke or 
grease; a small tin plate has a little powdered 
resin placed upon if, the hit is heated, and a little 
fine solder melted from a stick and dropped into 
the pan; the hom* of the iron is then rubbed in 
the mixture and becomes covt red with solder, and 
is ready for use. Where killed spirit is to he em- 
ployed, the heated iron is tinned by dipping the nose 
for a moment into the spirit and then touching it 
with a stick of solder. The object of the tinning 
is to prevent the iron becoming oxidised during 
heating, which would prevent the perfect contact 
between the bit and the solder which is essential, 
and if the bit is heated red hot so that the tinning 
is destroyed it must be re-formed. 

Iron, brass, and copper must be tinned before 
soldering. Tho surface is very carefully cleaned and 
afterwards painted. over with the killed spirit, and 
fine solder is applied to it- with the heated iron and 
becomes amalgamated with it. 

MaKing Copper Bit Joints. The two lead 
pipes to be joined together must be differently 
treated. The upper end of one, pijie must be opened. 
This is done by first cutting the pipe squarely across 
with a saw and cleaning off any roughness from, 
tho inner edge ; a turn pin ( 70, page 5030 ] of suitable 
size is selected and wetted and then placed truly 
in tho opening of tho pipe and struck squarely with- 
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the mallet so that it is driven downwards* enlarging 
the end. If the pipe shown signs of splitting, the edge 
is beaten with the mallet to thicken it. After it 
has Wen opened and the outer face nailed , the inner 
surface is carefully cleaned all round with a shave 
hook and touched with a tallow candle. Caro must 
be taken in shaving to take off only just sufficient 
metal to ensure, a bright surface, but not so much 
as to reduce the thickness appreciably. '.Hie lower 
end of the upper pipe is prepared by rasping it all 
round to a bevelled form so that it will lit into tlu* 
funnel-shaped end of the lower pipe|4|; this must l>e 
carefully and evenly done, otherwise during solder- 
ing the solder may pass between and adhere to the 
inside and form an obstruct ion within the pipe. Tlu* 
|>ipo is afterwards soiled and shaved. In making the 
joint the t,w r o pipes must be rigidly fixed so as to 
prevent their moving. For many purposes a mxtdai 
tramp 151 is serviceable, which will grip the two pipes 
and hold them in position : but in some eases a 
couple of chisels driven into a wall may be used. 

When tlu* preparations arc complete a little 
black resin is put in the space lad ween the two pipes 
and with the prepared bit a little solder is melted 
off into the joint all round - -the nose of the iron 
is run into the solder, and this is floated round by 
drawing the hot iron right round the joint, leaving a 
smooth, true surface. 

A blown joint is prepared for similarly, but in 
making this joint the blowpipe is used to melt the 
solder in place of tin* iron. A spirit lamp or a bundle 
of rushes is used to pro\ ide the tlame. Kesin is placed 
in the joint, and the blowpipe* is used to heat the 
lead of the pipes till it is hot enough to melt the 
.solder without affecting the lead. The jofnt is then 
touched W'ith the solder stick, and the solder melted 
off into the joint. Its temperature is maintained by 
the blowpipe till the whole of the solder How's and 
Unites with the lead, and the joint is then complete. 

These joints are specially serviceable for joining 
up lead pipes to unions and in similar positions 
where it may he necessary to pass a lock-nut over 
the joint, which would be impossible with an ordinal \ 
w iped joint. 

A variation of this form of joint is the ribbon 
youd[6J, in which a band of fine solder is formed round 
the joint about an inch broad and projecting A *V in., 
which makes a strong, neat finish. 

A joint made in this simple form is not desirable 
in making the joints of soil or light ventilation pipes, 
as the piping is not strengthened by it as it is by a 
w iped joint. 

Jointing Soil Pipes. External soil pipes 
may, however, be formed wit li such a joint : the 
head of the lower pipe is opened rather wide to 
allow' of a rather thick soldered joint, and the joint 
is finished with an astragal moulding immediately 
below [7]. These mouldings may he cut out of a 
small lead pij>e, or east and bent round and soldered 
to the pipe. A similar astragal is added below the 
taek. and makes a very neat finish. Sometimes the 
socket is east, including the astragals, and the pipes 
both above and below are soldered or burnt to it. 

^ Wiped Joints. The pipes are prepared in a 
similar manner for a joint that is to be wiped, but 
rasping of the upper pipe is made a little longer, 
ami the two pipes must be shaved for a longer 
space than in the previous ease. The extent to 
which the shaving is carried regulates the length of 
the joint, and this varies w'ith the diameter of the 
pipes to be joined. For a J-in. pipe, the length of 
the completed joint should be from 2j in. to 2j in. : 
while with a largo pipe, 5 in. oi t> in. in diameter, the 
.length may bp from 3J in. to 4 in. 
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Hi making underhand joints [10]— that is to say. 
joints that are horizontal or slightly inclined, the 
soiling does not require to be carried so far boyond 
the shaving line as in the ease of an upright joint, 
but should extend at least 3 in. 

In all eases where pipes are horizontal, or nearly 
so. the joint must be made so that the rasped end 
of the one pipe is inserted into the opened end 
in the direction in which any liquid in the pipe will 
flow so that the edge of the pijie shall not form 
any obstruction. This is particularly important in 
the ease of a soil pipe or any pipe in which there 
may be solid matter in suspension in the water. 

A pouring-stick is required for getting solder to 
positions difficult to reach otherwise, and is a strip 
of deal about 1 ft. long, with a groove down the 
centre, the end shaped like a scoop. 

A splash-slick is a. thin strip of wood, shaped with a 
handle [3]. unless solder is to Ik* used so hot that it 
will burn and smoke ; in that case iron may he used, 
but care must be taken not to scrape the soil from 
the lead in using it. 

(laths are essential for wiping joints, and the 
best are made from moleskin or fustian repeatedly 
folded so as to give a thickness of from six to 
ten folds, and sewn round the edges. Several of 
these lire required for dealing with joints on pipes of 
different size. A little melted tallow is poured 
on to one side of the cloth, and this prevents the 
solder from sticking to it. The cloth is well warmed 
just before it is used. 

Wiping Underhand Joints. 1« making 
underhand joints the cloth is held in the left hand, 
and the ladle, three parts full of molten solder, ill the 
right f 10 1. This must be at the proper temperature, a 
knowledge of which is best obtained by experience. 
It may, however, be gauged by inserting a little 
piece of newspaper into the solder, which should 
brown quickly without burning. The solder is 
poured lightly on to tlu* joint, the ladle being moved 
to and fro and from sid'* to side ; it is also poured 
on to the soiled part at each end to warm up the 
lead to the temperature of the solder. The cloth 
is held so as to catch the solder as it runs off, ami 
to* tin thoroughly the underside of the pipe. Thu 
cloth, like the ladle, is kept moving, and the solder 
gets into a uniform soft condition before it sets too 
linn, and is roughly shaped and should be nearly 
of the same, consistency throughout. When this 
stage is readied the ladle is put aside, and the 
joint is at once shaped with the cloth, beginning 
at the edges next the soiling, where there is least 
thickness of solder, and finishing on the top : the 
doth may be passed from the left hand to the 
right to get all round the joint. The. surface may 
be finished by passing the doth lightly all round 
the joint to give it a smooth and even appearance. 

The iron, which must be perfectly clean and well 
heated, may be used in wiping the joint if necessary, 
to heat up the solder after the required amount 
1ms been formed on the joint, the iron being kepi 
a little in advance of the doth. 

Wiping Upright Joints. In wiping upright 
joints, a collar must be placed round the lower 
pipe to catch the solder ; this may be formed of 
sheet lead cut to a pear shape, with a central hole 
the size of the pipe, and a cut from the centre to the 
point [8]. This is fixed round the pipe, the two points 
being drawn past each other — this giving a slightly 
cup shape— and folded over to secure the collar. 
The surface and edges are well soiled, and a piece of 
stout twine may be fixed two or three times round 
the pipe as a support to the collar, the surface of 
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which should be only slightly inclined. A little 
dust is sprinkled in the bottom of the collar to stop 
lip any apertures. 

The solder cannot he poured on to an upright 
joint, but is splashed on with a splash-stick as evenly 
as possible all round the joint, and is worked as 
nearly as possible to the shape. Any metal that 
drops down must he pushed up with the stick, and 
some solder must he splashed on to the soiling above 
the joint to warm the pipe that which drops down 
on to the collar will warm the lower pipe. When 
the requisite amount of solder is splashed on and is 
of the right temperature, the cloth, which is well 
heated, is first taken in the left hand, and first t lie- 
top, then the bottom, and then the centre of the joint 
is rapidly wiped round on one side, and afterwards 
the other side is done with the cloth in the right 
hand. As in the case of the underhand joint, an 
iron may he used, if necessary, to heat up the solder 
for wiping. 

Overcast Joint. A wiped joint may be over- 
cast. This consists in warming up the solder with an 
iron; then tin* neck of the iron is drawn up and down 
over the surface, so as to form a series of facets J 9 J. 
The object is to re-melt the solder, and if it is cellular 
and porous, which coarse solder is liable to become, 
to fill up the pores, and to get rid of any irregularities 
in the surface. The result is to give the joint a ribbed 
or striped appearance. 

A branch joint J 11 ] is one uniting the end of one pipe 
with the side of another at an angle, and it is not 
essential that the two pipes should he of the same 
size; it is desirable, especially in the case of all 
pipes in which solid matter as well as liquid is 
carried, that the angle made between the two pipes 
should not be a right angle, but should be one to 
secure an easy How. In the case of water services, 
however, it is often necessary to use a right-angled 
junction, and, if well made, there is no serious 
objection in the case of pipes under pressure. (Jreat 
cure must, he given to the lifting of the joint, and on 
no account- should the spigot end of the branch pipe 
be nllowed to project into the bore of the main 
pipe; neither should it^ end be enlarged and fitted 
over a socket formed on the main pipe, but it must 
be rasped to tit accurately within such a socket. 

Th° socket, is formed by perforating the main pipe 
at the side, and with th vbolt [74. page 50110] working 
up the lead allround in the form of a socket, which 
will receive the spigot end of the branch. In the ease 
of a right -angled junef ion, the socket will he circular, 
hut with an oblique junction the socket will be 
elongated ; the end of the branch must be kept well 
up to ensure that it shall not interfere with the 
How in the main pijie. The two pipes are securely 
fixed in position, and the solder is {hen worked oil 
with a splash-stick and wiped much as in a vertical 
joint ; the solder must he splashed over the soiled 
end of the branch to warm the lead. 

The faff joint 1 12) resembles in its form n copper hit 
joint, but is a wiped joint made in coarse solder, and 
can be made by an unskilled workman. The lower 
pipe has the end opened with a turnpin, and then 
faffed back with a mallet to form a flange either 
curved in section or sometimes flat in the top. 
The spigot end of the other pipe is fitted by rasping 
it, and the joint is then made by splashing on the 
solder and wiping it- 

Th ofiaiujed fa ft joint [ 13J resembles the last, but has 
a flange of lead formed under the tafted edge, and 
included in the joint. This is useful where a pipe 
ia brought through a floor, which can be used as a 
support to it. 
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The Block Joint* The block joint [14] is 
another form of joint closely allied to the last, 
and is used where tall soil or other pipes have 
to be supported in a chase, A block of wood, 
usually 3 in. thick, is built into the wall, and 
perforated so that the end of the pipe can be 
passed up through it; the upjier Hide of the block 
is dished, or slightly hollowed, and a lead flange 
is dressed down into the hollow, and is perforated mo 
as to just fit round the main pipe, and the surface is 
soiled beyond the line of the joint. The upjier end 
of the pipe is shaved, passed through the flange, 
and then opened out with the turnpin, and the 
inside shaved; and the upper pipe is prepared as 
usual, taking care to shave it for a sufficient distance. 
The solder is then splashed on, and the joint wiped, 
the joint and its supporting flange forming one 
solid piece of work. 

Elbow Joints. When a sharp bend is required 
in a pipe it maybe produced either by cutting the 
pipe or by bending. The latter is more usual, ami 
in many respects better; but a wi'rei [16] may 
be used in rainwater work, and if fixed in the right 
direction, even in certain positions in a soil pipe, 
though it is better to avoid its use. In making a 
right-angled bend a plumbers mitre block [ 15j is used, 
and a V-shaped piece cut from the pipe. One of 
the edges is dressed up so that the other will fit 
inside it, and the pipe is then soiled all round for 
some distance beyond the cut on each side. The 
edges of tlu* cut an' shaved so as to give, when 
closed, a joint about 1 \ in. wide : the joint is then 
bent up, but- must not be bent backwards and for- 
wards or the head may crack : it is temporarily 
secured in position, and the sides of the joint are 
closed, and the joint is then wiped. 

Bending Pipes. Considerable skill is re- 
quired in this operation. The principal danger in it 
is, first, that the pipe may be crippled at the bend — 
that is, the bore of the pipe may he reduced in area; 
and. secondly, that the thickness of the lead itself 
may become reduced, especially at the heel or outer 
side of the bend, and the lead in consequence he 
weakened. 

In making a. bend, the pipe must he heated at the 
point where the bend is to be made; a mandrel [17] 
is inserted into the end, and the pipe is then pulled 
round till the throat or inside of the curve is'slightlv 
dented. A hot dummy is then inserted in the bend, 
and the throat knocked out till quite round again: 
in the sides, if they are inclined to spread, are knocked 
with a dresser, and the lead from the throat is worked 
round towards t he heel , or back of the curve, so that an 
even thickness of lead is maintained all round the pipe. 
This operation of heating and bending the pipe is 
continued till the required bend is arrived at, but it 
must be a gradual, not a- sudden process. 

Sand and Water Bending. Sand is 
sometimes used in bending, and is serviceable for 
long, easy bends. The pipe is filled with sand, which 
is incompressible, the sand at the point where the 
bend is to be made is put in hot, and the pipe may 
he pulled round and dressed. Water may be used 
in the same way. One end of the pipe is closed, the 
other fitted with a stopcock, and the water is run 
in hot- till the pipe is full. The pipe may then be 
bent and dressed, but this must be done before the 
water has time to chill down, or it will contract. 
Should this occur, some additional water must be 
run through the stopcock. 

Bending with Bobbins. This is used for 
small pipes. The balls require to be a trifle less in 
diameter than the bore of the pipe/ The pipe is pulled 
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round till it begins to flatten, then the ball in inserted 
and driven through with a short mandrel, but great 
care is necessary not to drive it through the lead [18]. 

Where a twisted bend occurs in a soil pipe, care 
muist bo taken not to allow any part of the pipe 
to become horizontal, but a regular fall must be 
secured throughout all parts of it. 

Fixing Pipes. Pipes that are to he fixed ver- 
tically are lixod by means of tuck* j 7 1 : those are small 
sheets of lead, which may be plain or treated orna- 
mentally. They are soldered to the hack of the pijs*. 
and project on one or both sides. The edge of the 
tack is rasped so as to lie against the pipe, and then 
soldered oil. These may be soldered in pairs, 
one on each side of the pipe, and the lead used 
for sueh tack should be slightly heavier in quality 
than the lead of the pipe itself. A heavy ten-foot 
length of pipe may be supported by two pairs of 
tacks or by three single lacks placed right and left 
alternately. Ornamental tacks are sometimes east 
in a mould and soldered to the pipes in the sumo 
way, and lead ears aie aUo employed j 19 j. These arc 
less in depth, and not so strong, but may be treated 
m an ornamental manner. Both tacks and bars are 
secured to the wall by spikes, and the edges of tacks 
are sometimes cut and rolled in a spiral form as an 
ornamental treatment. Service pipes may be 
supported by small tacks : these are secured to the 
walls by nails or spikes. 

Fixing Horizontal Pipes. All pipes, 
whether service or waste pipes, should be fixed with 
a slight fall, so that they may on occasion be cinpt ied. 
They are very often fixed with trail honks |221 
placed at short intervals, and driven into the wall: 
these are liable to indent the pipe where they grip 
it, and do not support the intermediate parts. 
A better method of (King is to rest the pipe on a 
bearer formed of a strip of board. In fixing all runs 
of pipes it is desirable that they should be in situa- 
tions where they aie not likely to be readily frozen 
in severe weather ; they should la* placed, therefore, 
as far as possible, on internal rather than external 
walls. 

Cisterns. Cisterns ran be obtained made of 
various materials —slate, galvanised iron, and lead — 
either east or used as a lining to a wood easing. 
Slate cisterns are excellent, but heavy and costly: 
galvanised east iron is the material now in very 
general use for cisterns, vvh ich can bt* obtained in stock 
sizes of various makes, or can he specially made 
to any required shape or size at a somewhat higher 
cost. Certain qualities of water are, however, 
liable to attack the zinc used in galvanising, bead- 
lined cisterns can also be made to lit almost any 
position; they are formed of deal, usually dove- 
tailed at the angles, and may Ik* lined in position. 
For small cisterns, the bottom and sides may be 
formed out of a single piece of lead, the angle pieces 
cutout and the sides and ends turned up and well 
lapped, and afterwards soldered. For larger cisterns, 
the aides and ends are first fixed, and the bottom 
is afterwards inserted, and all the joints are soldered 
or burnt. The upper edge of the sides and ends 
are turned down over the woodwork. 

Lead*lined Sinks. These are prepared in the 
same way, and may be lined like a small cistern from 
a single piece of 7-lb. lead, with soldered angles: 
but it is usual to line the sides tiist, and to use a 
heavier quality of lead for the bottom, 8-lb. or 
even heavier if required to stand hard wear. The 
bottom of tin' sink should be dished — that is, slightly 
hollowed, and the outlet lor the waste is arranged 
at (he deepest part of the sinking. 
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Lead safes are required in many positions ; 
where they are little liable to interference they are 
sometimes formed simply as a tray of lead, formed of 
a single sheet, the edges turned up for about 8 in. or 
4 in. und the angles folded over [ 20J. Such a lead safe 
may be used inside an enclosure to a bath and even 
linger a cistern, but is easily damaged. A more 
reliable form of safe is one in which the sides are 
dressed up against a skirting, or over a rounded or 
splayed lillet. and then copper-nailed. It is im- 
portant that the sole or floor of sueh area should 
be large enough to take any drippings or overflow 
from the apparatus under which it is fixed, and 
the floor should, if possible, have a slight fall 
towards the outlet from the safe, which should lx* 
taken through the wall to discharge into the open 
air. The end of such a pipe may be fitted with a 
small lid hung vertically and hinged to a brass 
sleeve sifldered to the end of the lend pipe. This 
allows any water to issue from the pipe, but prevents 
air passing up it. 

General Arrangements of Water 
Supply. The connection to the company’s 
mams is made by a ferrule or union, and this work 
is done 1 by the company’s own workmen. A pipe 
is taken to a point within the building, and should 
be laid in a trench not less than 2 ft. deep as a pro- 
tection against freezing. It is taken up inside 
the building to a < istern, where one is employed, 
and is termed the rising nitiin. At a point near 
tin* connection to the main a stop-valve is inserted 
to shut otf the water, ami a draw-off tap should bo 
placed not far above this point, as a means of 
emptying the length of pipe from this point to 
th(' cistern : the tap to the scullery sink is very 
usually seiviceable for tins purpose. The upper 
end of the pipe is turned over the edge of the 
cistern and fitted with a ball-valve. If the rising 
main is of lead it is joined to the ball valve by a 
copper bit or blown joint : and if the pipe is of iron, 
with .i screw union. The ball rairr [21|is one in 
winch the valve is opened and closed by means of 
a plug attached to a long arm. at the extremity of 
which is fixed a ball, usually of < opper. When 
unsupported, this arm falls by its own weight, 
opens the valve, and allows water to pass. When 
tin* level of the water in the cistern reaches the 
ball it floats on the surface, and, as the water rises, 
is lifted and gradually closes the valve. It must 
be fixed at such a level that the valve is completely 
closed when the water-level is an inch or two below 
the overflow level. 

The ot'erflow is an e.ssfiitid in every cistern, and 
provides for carrying off the water should any 
accident prevent the ball valve from completely 
shutting off the supply. Wen* there no sueh 
overflow the cistern might continue to fill till it 
overflowed round the edges. The overflow must 
Ik* of sufficient size to carry off the water when 
delivered by the rising main at full bore, and as 
this water is delivered under considerable pressure 
the diameter of the overflow pipe should be greater 
than that of the rising main. The best- form of 
overflow consists of a strong leud pipe standing 
in the cistern and taken through the bottom or 
side. The upper end is enlarged to the form known 
as a trumpet mouth to facilitate the flow of water 
into the pipe [23]. The lower end is taken through 
the wall to discharge into the open air, and should 
do so at some point where the discharge will he 
at once noticed, and attention will then be drawn 
to the fact that th£ ball valve is out of order. An 
ordinary method of making an overflow is to drill 
a hole in the side of the cistern above the highest 
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water-level and to conduct an overflow pipe from 
this. Where this is done the opening should bo 
large or it may fail to carry off the water rapidly 
enough, as it cannot flow full bore fill the water 
has risen above the level of the top of the pipe. 

The cistern should stand in a lead tray or safe, 
already described, and should be provided with 
a cover, and, if in an exposed position, may be cased 
in with boarding, and silicate cotton or other non- 
conducting material may be packed round it ns a 
precaution against freezing. 

Services. The pipes connecting the cistern 
with the various fittings and taps arc termed 
service pipe#, or, shortly, services. The size of the 
pipes used will do|>end on the number and character 
of the fittings to bo supplied. 

The service ^o all such fittings as water-closets, 
urinals, and housemaid’s slop sinks should be 
kept quite distinct from the service to •ordinary 
fittings, and it is most desirable that there should be 
an entirely independent cistern to supply this 
class of fittings only. 

Where the cistern is fixed at the top of a lofty 
building it may prove desirable to provide additional 
cisterns at an intermediate level, or at more than 
one, so as to reduce the pressure on the fittings. 

Connecting the Service to the 
Cistern. The service pipe must be brought 
through the side or bottom of the cistern, which is 
perforated for this purpose. This is done by solder- 
ing the lead service pipe to a brass or gun -metal 
union 1 24 j, which is provided with a double screw and 
nuts. This is passed through the perforation and the 
nuts arc screwed up tight against the metal of the 
cistern, one from inside and the other from outside. 
Where iron pipes are used, the connection bet ween 
the pipe and union is made with a screw joint. 
If the connection is made through the bottom of 
(lie cistern, the pipe should stand up inside for about 
2 in., to prevent any sediment collected in the 
bottom of the cistern being drawn into the pipe. 
If necessary, more than 011 c service may be taken 
f rom the same cistern. 

Kvery service should have, as close to the cistern 
as possible, a stop-valve inserted 124], but this should 
be, if possible, in an easily accessible position. 
This valve allows of a tap being taken off for repair 
without the necessity of emptying the cistern. 
Where a service is divided into two main branches 
it is advantageous to place a similar valve on 
each branch. 

Services are taken by the most, convenient route 
to the various fittings. Care should be taken to see, 
as far as possible, that at no point is there any 
dip in the pipe, or even any absolutely level length 
of pipe, otherwise it is impossible to empty the 
pipe completely. Joints in service pipes, whether 
for uniting two pijies in the same direction or a 
main pipe and a brunch, are made with wip'd 
joints. 

Connecting Pipes to Taps. Draw-off taps, 

or bib-cocks f25], to bo used with lead service pipes 
are provided with a spigot end — generally slightly 
tapered— inserted into the end of the lead pipe, which 
is correspondingly opened, and a cropper bit joint is 
made ; the pipe may bo screwed to this spigot or 
a connection made by means of a union and nuts. 
Where a tap is fixed at the end of a service pipe 
a short branch should be wiped on and the service 
pipe continued for about 2 ft. and turned up and 
closed and soldered over. This end will be filled 
with air, and form an air cushion, which will take 
np any shock due to the sudden check of the 
flow of water when tho tap is closed down. 
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Tap# are made in a great variety of patterns for 
different purposes and of different sizes to suit 
various fittings, and the sizes of the service pipes 
must be adapted to those of the taps they serve. 
Taps are usually in brass or gim-motal, and may be 
electroplated or silver-plated. 

The common bib-cock is arranged to open and close 
the aperture in tho tap by use of a handlo turned 
in a horizontal direction, a quarter turn, when it is 
shut, being sufficient to oi>en it full. 'I’his is a 
useful tap for low' pressure. For work at higher 
pressure screw-down valves are suitable ; these 
may be quirk-turn , which are opened and closed 
by a partial revolution of the handle, but the 
ordinary screw-down vulve requires several turns. 
Hither of these forms, of which there an? many 
varieties, when turned on, continues to run till 
turned off again, and this may lead to waste of 
water. There are various forms of spring action 
valves which are self- (‘losing, but these are apt 
to get out of order, and require to be held down 
as long as water is required to flow. 

Wastes. All fittings which are required to 
bold water temporarily, and at the same time to 
discharge, it readily when required, must be pro- 
vided witli an outlet suitably placed for this 
purpose. This applies to all. forms of sinks, lava- 
tories, and baths, and in all such fittings the outlet 
is arranged in the bottom of the fitting, which should 
be formed so that all water is drained towards the 
outlet, which must be at the lowest point. In 
some lavatory basins the outlet is included with the 
basin as supplied, but. when not included a brass 
outlet must be provided, and this is bedded in red 
lead and fixed to earthenware lavatories with a 
brass union and fit/ /ud|27|, and is provided with a 
stopper attached to a chain or raised by means of 
a rod : there may also bo a fixed or movable 
cobweb grating to prevent any largo substance 
entering the waste. 'Pile lead waste pipe is wiped 
on to a brass spigot and attached with a nut to t In* 
screwed end of the outlet, and a lead trap is inserted 
in the waste pipe near the basin. 

The end of the waste pipe beyond the trap is 
taken through the wall to deliver into or over a 
gully if at the ground- floor level, or into a rain- 
water head if at a higher level. The out lets from stone- 
ware sinks are similarly treated. In the case of 
lead-lined sinks the brass outlet is soldered in, but: 
in other respects it is similar. Where it is necessary to 
carry a long lead waste pipe down an external wall 
that receives the discharge from a washing-up sink, 
and which is liable, therefore, to be affected by tho 
frequent use of hot water, a special expansion joint 
is used* 

This joint is formed by opening out the head of 
the lower pipe evenly for a depth of about 7 in. by 
driving in a mandrel with a rounded end [28 J. The 
foot of the upper pipe is also slightly opened, so that it 
just fits into the socket, and a rubber ring is fitted 
over the end of this pipe before it is inserted, and, 
when fixed, the end of the upper pipe should bo 
about J in. above the shoulder of the socket. The 
upper edge of the socket may bo protected by a lead 
cap sliding on the pipe. 

Overflows. Both sinks and lavatory basins 
should have overflows, which should bo easily 
accessible for cleansing. One of tho best forms is 
the standing imsie and overflow combined [29], which 
entails no additional plumbing, but if a separate 
overflow is provided, it must be connected to the 
waste pipe between the basin and the trap. 

m:v.\ 
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Traps; Traps are made in vurioiiH forms for bot h Soil Pipe*. The branch from the water-closet 
sinks and lavatories. They are usually of cast lead, is wiped to the external soil pipe, and must be 

and have a bra™ clewing eye below them fitted with connected to it by an easy bend having a good fall 

a screwed stopper: in many forms the upper throughout [31]. Several such branches from different 

end of the trap is trumpet shaped, so that the closets may be connected to the same vertical soil 

bore of the trap is slightly reduced. Any trap pipe, and this should be carried up to form a venti- 

eiuployed should be self-cleansing, and should not lating pipe to the drainage system [see page 782J. 

tend to syphon out: but where the pipe beyond the The method of jointing and supporting this pipe 

trap is long this cannot be prevented, except by has been already described ; it is connected to the 

the provision of an anti-syphon pipe, takenjrom earthenware drain as follows : The lower end has 

near the outlet of the trap to the open air. a sleeve of brass or copper with a flange soldered 

Baths. Baths are sometimes made provided with to it, and this is inserted into the socket of . the 

a trapped outlet us purl of the fitting ; but earthenware pipe, and made good in Portland 

when there is no suc h outlet provided, a brass cement [33J. Soil pipes may also be made in heavy 

outlet and plug and washer must be attached to east iron with sockets cast on at the sides to 

the opening in the bath provided for it, and fitted receive the necessary branches [34 1 ; the joints are 

with a trap and waste. An overflow should also he made w ith blue lead, as described on page 73fi. 

provided, and may be a standing waste, as described Anti=*syphonage Pipes. Whore several 
for a, lavatory basin, or if a separate overflow closets discharge into the same soil pipe, there is a 

waste is formed in the bath, this must be connected danger that the discharge of one closet may, by the 

to the waste between the bath and the trap. sudden reduction of the atmospheric pressure in the 

Closets. Water-closets are manufactured in a pipe, syphon out the water from one or more of the 

great variety of forms, and it is impossible to dis- other traps connected with it. To avoid this a 

cuss the merits of the various tyjies in detail in smaller pipe, generally 2 in., iH connected with the 

this article. The following points should, however, upper part of each trap on the side next the soil 
ho attended to in selecting an apparatus. The pijie. and taken through the wall und wiped to a 

pan should have the back nearly or quite vertical, similar vertical pipe. This may be left open at the 

«h being less likely to J>e soiled, and the water urea in top and carried up to the same height as other 
the pan should also be large : the trap should be com- ventilating pipes, but it is more usually connected 

pletely cleaned out by a single discharge of the flush. w ith the soil pipe beside which it occurs at a point- 

The principal types of closets now in use are the about 2 ft. above the highest connection it receives 
valve c/o«ef[35i and the pclcsfal or wash-faun closet-, from a water-closet [31]. 

including sy phonic action closets 1 31] ; the wash-out Water Supply to Closets. Tn the ease 
closet and the old form of hopper closet, arc unde- of valve closets, unless specially required by the 

airable forms to rise, as they readily become foul. water company, it is not necessary to employ a 

The plumbing work connected with water water-waste preventing cistern, 

closets consists in taking a water supply to the Water-waste preventing cisterns are manufactured 
closet and in connecting up the outlet to the drain. in great variety: such a small cistern contains two 

and the latter will he considered first. The pan and gallons, or, in some eases, three gallons of water and 

trap are sometimes made in one piece, sometimes water is laid on to them in the ordinary wav by a 

. in two separate pieces. In the former ease the whole small service pipe, usually J in., and a ball valve 132]. 

apparatus is in earthenware ; in the latter the trap They are discharged by pulling down a handle, 

may be cither of lead or of earthenware. when the contents are at once and completely 

Earthenware traps, if used on a ground floor, emptied; and when once discharged they must be 

and firmly bedded, may be connected to the allowed time to refill. In selecting such a cistern 

earthenware drain directly with a Portland cement it is well to employ one titled so that it may 

joint similar to an ordinary drain joint. On an refill fairly rapidly, say, within two minutes; it 

upper floor this is impossible. Messrs. Doulton is desirable also to select a pattern that has no 

have a patent joint which they term metallo- mechanical parts that will easily got out of 

ceramic , and which allows of a lead soil pipe order, and one that is not extremely noisy when 
being soldered directly to the spigot end of the discharged. 

earthenware trap. This joint can be used only The size of the outlet is regulated by the distance 
with their closets. Where earthenware traps are the cistern is fixed above the apparatus to be 

to be connected to lead branches the trap may be supplied, and should ensure a 3-gallon flush being 

provided with a flanged outlet, the lead pipe having passed into the apparatus within five seconds, 

a similar flange, ami I lie two arc* secured together The following give the suitable sizes of service pipes 

with clips and screws with a packing of indiarubber for various heights : under 3 ft. head service pipe 

between them [33]. A simple spigot end may be should be 2.1 in. ; with head of 5 ft., 2 in. service: 

formed to t lie trap: in this case a socket is formed on 10 ft. head, 1.1 in. service; 15 ft. head, l]in. ser 

the end of the lead branch, and a joint is made with \ ice ; 20 ft. head, 1 in. service. The service pipe 

elastic cement. A little yarn is first dipped into the from the cistern to the apparatus should descend 

hot cement and caulked into the joint, and the as directly as possible, and any bends used must be 

cement afterwards melted into it with a blowpipe. easy bends. The connection to the cistern is usually 

^Where such a trap is connected to the branch of an made with a union : that with the apparatus with a 

iron soil pipe, the joint between the spigot and the robber cone [31], which is secured to the end of the 

socket of the iron pipe may be made in Portland pipe, and also the earthenware inlet formed on the 

cement. But whenever such apparatus is to be eon- apparatus by wire or stout twine securely twisted 

nected with a lead pipe it is preferable to use a lead round outside the cone ; the inlet on the apparatus 

trap, and to make an ordinary wiped joint between is connected directly with a flushing rim, and the 

tho trap and pipe. If < he soil pipe is of iron, the end of water circulates all round the rim, and is discharged 

the lead trap has a sleeve or ferrule of brass or copper from a continuous opening at its lower edge, so as 

soldered to it, and this is inserted into the socket to distribute the water over tho whole surface of the 

of the iron pipe, and the joint made with blue lead. apparatus. 

ibrnal Plumbing concluded; followed bu Foundry and Smith Work 

mu 
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By HERBERT J. 

RATIO AND AREA 
Proposition 63. Theorem 

The ratio of the areas of two triangles of the 
same altitude is equal to the ratio of their bases. 

For, by Prop. 31, 

The area of a A = i base x altitude. 

Hence, if tl^e bases of the As are a and a\ 
and h is the altitude, 

Area of first A ! area of second ! ; | ah ; £ a'h 

\\a\ a'. 

Proposition 64. Theorem 

7 / two triangles have one angle of the one equal 
to one angle of the other , the ratio of their areas 

is equal to the ra'io 
of the prod arts of 
£ the sides contai n i ng 
y\ the angles. 

/ / Let As ABC \ 
* DEF have _A 



C a 


D. 




similar, the 
similar 


a 

drawn on 


throe h( might 

Zh __ 

6 c 

t b as cor re - 


It is required to prove that 
A ABC : A DEF ; ; AB . AC ; DE . T)F. 

Proof. Place the A DEF on the AABC so 
that I> falls on A, DE along AB, and DF along 
AC. Let E', F' be the new positions of E, F. 
JoinCE'. Then 

A ABC __ AABC A ABC A ACE' 

A DEF A A E'F' A AC !E' * A A E'F'’ 

AB v AC /f> ..... AB.AC 

~ AK' X AF' (I ‘" ,K W) D.E.DF 
Proposition 65. Theorem 
The. ratio of the areas of similar triangles is 
equal to the ratio of the 
squares on their cor re- A 

s funding sides. 

Let ABC, DEF be 
similar As. 

It is required to 

prove that & c E E 

A ABC : A DEF ; ; AB 2 : DE 2 . 

The _ A - l T). 

. A ABC 3 AB.AC /p . .... 

' ‘ ADKF })E.1)F { l0l> ' 

But, since the As fire similar, 

DE 1 )F 

. AABC ^ AB . AB = AB- 
* ' A DEF DE . DE DE 2 ’ 
Proposition 66. Theorem 

The ratio of the ireas of similar rectilineal 
pgures is equal to the ratio of the squares on their 
corresponding sides . * 

p Let ABODE, FGHKL 

be similar figures, in 
\C which AB and FG are 

Syy corresponding sides. 

. w . — - It is required to prove 

A * ' * that 

Fig. ABODE : fig. FGHKL ; ; AB ! : FG ; . 


ALLPORT. M.A. 

Proof. Since the figures 
As ABC-, ACD, ADE are respectively simil 
to the A s FG H, FHK, FKL (Prop. 62, (hr.) 

.*. AABC : AFGH ; : AB 2 : FG 2 (Prop. 65). 
A ACD : AFHK ; ; AC 2 : FH 2 
A ADE : A FKL : ; AD 2 : FK 2 . 

But, since the figures are similar, the ratios 
AB .* FG, AC : FH, and AD : FK are all equal 
{Prop. (52). Therefore, by addition, 

Fig. ABODE ! fig. FGHKL ; ; AB 2 : FG 2 . 

(Jorollanj I. Let- o, />, e be 
lines in proportion. 

Then, a ' b * * h * c, 
so that, tr—ue. 

Now, let similar 
ligures X and V be 
spending sides. 

. . Fig. X * tig. V | * o' * /> 2 , * * if \ ae, ‘ | a ’ e. 

Hence, if three straight Hues are proportionals . 
and similar figures are drawn on the first and 
second as corresponding side 4 , then , 

Fig. on first : tig. on .s frond \ ; first | third. 

( hroUnt 7 2. Let 

> — — \ ab : cd : ; ef : gh. 

/ ** ' \ /~5T\ Dn All, CD as corre- 

/ “75 ^ ^ spending sides, diaw 

similar figures P, Q ; 
and, on KF, GH as 
1 ^s\ corresponding sides, 

E ^ G h (.haw similar figures 

K, S. 

rhen p : q : : ab* : cd 2 , 

and K : S : : EF 2 : Gil 2 . 

But, since the lines are proportionals, 

ab 2 : cd 2 : ; ef- : gh 2 . 

. . p : y : : n : a. 

H ence, if four straight lines are proportionals , 
and a pair of similar figures is drawn on the first 
and second, as corresponding sides , and also a 
pair on the third and fourth , these figures are 
proportionals. 

Proposition 67. Theorem 

The rectilineal figure described on the hypotenuse 
of a right-angled triangle is equal to the sum of the 
two similar and similarly described figures on the. 
other two sides. 

Let- ABC lie a right-angled A, in which C is 
the right angle. On AB, BC, 

CA draw similar figures U, P, 

( x >, having the sides of the A 
for corresponding sides. 

It is required to prove that 
Fig. P h tig. Q -- tig. R. 

Proof. Since P and ft are 
similar 

P BC- 

~ (Prop. 66 ), 
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Similarly, 


But, since 



Q CA 2 
R AB 2 * 

. P 4* Q BCj-i-CA* 

‘ ' R AB 2 * 

ABO is a right-angled A, 

BO- 4 CA 2 " AB 2 . 
fig. P4 fig. Q -= fig. R. 
Proposition 68. Theorem 
Ptolemy’s Theorem 

The rectangle, contained by the diagonals of a 
quadrilateral inscribed in a circle is equal to the 
sum of the two rectangles contained by its opposite 
sides. 

Let ABOl) be a cyclic 
quadrilateral. 

It is required to prove that 
root. AO . BD - red. AB . 01) 
4 root. BO . AD. 

Proof. Make the l. ADR - 
_ BDO. 

The *_DAE — l DBO in the 
same segment. 

A 8 ADE, BDO are similar. 

AD : AE - BD : BO, 
ko that root. AD . BO - root. BD . AE. 

Again, since l ADE was made equal to _ BDO, 
the whole jLADB— the whole L EDO. And 
i ABD jlECD, in the same segment. 

A 8 ADB, EDO are similar. 

hb : bd — eo : od, 

so that root. AB . OP — reet. BD . EO. 

root. AB . OD 4 reel. AD . BO 
= reel, BD. AE4 reet. BD EO 
=* reet. BD ( AE -i EO) - reet. BD . AO. 
Proposition 69, Theorem 

In any triangle, the square on the. side apposite 
an acute angle, is less [hart the sum of the squares 
on the sides containing that angle by twice the 
rectangle contained by either of these sides and the 
projection of the other on it. 

Let ABO he a A in which L A is acute. Draw 
AL, BM, ON 1 to B(\ OA, AB. Then AN is the 
projection of AO on AB. On BO, CA, AB draw 
the squares BOED, CAGE, ABK.H. 

It is required to prove that 

BO- - AB- 4 A( - 2 i eet . AB .AN. 

Proof. Produce AL, BM, ON meet 

the opposite 
side of the 
squares 

X, Y, Z. 

Then, since 
ON and AH 
are . each 4 
to AB, 

' ANZH 
is a rect- 
angle. 

Similarly, 

AGYM is a 
rectangle. 

Again, 

L OAH =•- L BAO 4 a rt. L , 




and LSI AG - L BACm- a rt. L . 

*i.CAH= i.BAG. 

in As CAH, BAG, the sides CA, AH are 
equal to G A, AB, and I.CAH— zlBAG. 

the A» are equal. 

But A CAH - \ reet. ANZII (Prop. 31), 

and A BAG = 1 reet. AGYM. 

reet, ANZH reet. AGYM. 
Similarly, retd. BNZK — reet, BLXD, 
and reet, CMYK « reet. CLXE. 

fig. BE - fig. BI1 + fig. CG - figs. 11N, GM ; 
that is, BC S = A1V*+ A0*-2 reet. AH . AN. 

= AB*+AC*-2 AB. AN. 

Proposition 70. Theorem 

In an obtuse-angled triangle , the square on the 
side opposite the obtuse angle is greater than the 
sum of the 'squares on 
the sides containing 
that angle by twice 
the rectangle contained 
by cither of these sides 
and the projection of 
the other on it. 

I jet ABC he a A in 
which l A is obtuse. 

1 ’sing the same 
construction as in 
Prop. <W, it is 
required to prow 
that 

BO- - A B- -i- AO 2 4 2 reet. AB. AN. 
Proof. As before 
' reet. ANZH — lect. AGYM. 
n et. BNZK - reet, BLXD. 
reel. CM YE - reet. CLXE. 

* fig. BE = tig. BZ 4- tig. CY, 

• fig. BAHK + red. ANZH 
4- fig. CAGE 4 reet. AGYM ; 
BC- - AB- t- BO- + 2 reet. ANZII, 

— AB 2 4 BO- 4 2 AB . AN. 
Definition. The straight line which joins 
any vertex of a triangle to the middle point 
of the opposite side is called a median of tin* 
triangle. 

Proposition 71. Theorem 

In any triangle, the sum of the squares on two 
sides is equal to twice the square on half the third 
side together with twice the square on the mediae 
bisecting the third side. 

Let ABO he a A, and AP a median. 

It is required to prove that 
AB 2 4 AC* = 2 BP 2 4 2 PA 2 . 
Proof. Draw AD J_ to BO. 
_ Then, from the obtuse 
° c angled A*ABP, 

AB 2 = BP 2 4 PA 2 4 2 BP . PD (Prop. 70), 
and, from the acute-angled A AGP, 

AC 2 - CP 2 4 PA 2 - 2 CP . PD (Prop. 69). 
since BP = CP, we got, by addition, 

AB 2 4 AC- =* 2 BP 2 4 2 PA 2 . 
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TEXTILE DYEING 

DYEING 

The Principal Textile Fibres from the Dyer’s Point of View. 

. 1 

Widely Different Natures of Cotton, Wool, and Silk 

me hath m 

ft fin paste >•'>11 


By HERBERT ROBSON 


FORMERLY many manuals for dyers wore 
* simply rcc ipc hooks. The practical dyer recorded 
his results from day to day, together with patterns 
of the actual work. A recipe, together with the pattern , 
is still interesting and useful, but as a rule the dyer 
is now able to work without specific instructions. 
Jf he is given a direct cotton colour, a sulphur 
colour, or a basic dyestuff, for instance, he knows 
that a general method is applicable in each case, 
and it is a simple matter for him to dye to shade. 
Recipes without patterns are therefore of little 
interest to him. Where one is given in this course 
it is merely as an illustration, and the writer has 
in every ease seen the pattern. 

As a rule, the quantities are given in percentages. 
For instance, 2.V per cent, toluylene dark blue, 
f> per cent, soda ash, 20 per cent, (dauber’s salt, 
means that to every 100 lb. weight of goods 2} lb. 
toluylene dark blue, 5 ll>. soda ash, and 20 lb. 

( Jlauher’ssalt have beer, added to the dye-bath, which 
is ordinarily made with from 200 to 220 gallons of 
water. 

The Textile Fibres. r J Vxtilo fibres have 
been classed in four categories, as animal, vegetable 
mineral, and artificial, but from the point of view of 
the dyer it is more practical to divide them simply 
into animal and vegota hie iibres. The types of t hese 
classes are cotton and wool, by far the most impor- 
tant textiles, and the differences of their behaviour 
towards reagents are characteristic of the animal 
and vegetable fibres generally, and govern their 
f real men t in the dye-house. Wool is destroyed by 
moderately concentrated alkalis but resistant to 
dilute acids. Cotton is not injured by moderately 
concentrated solutions of alkalis, but is carbonised 
by acids, and even rather dilute acids have an 
injurious effect upon it. The two fibies behave very 
differently to tannic acid. Cotton has a strong 
affinity for it, which fact is taken much advantage 
of in dyeing, whereas wool can be made to absorb 
only a trifling percentage of if. On the other band, 
wool has a strong affinity for many classes of dyes; 
it has a powerful decomposing effect upon metallic, 
mordants, and readily retains the oxides. Cotton 
is very inert, and it is comparatively recently that 
a class of artificial dyestuffs has been discovered 
which will dye it without the intervention of 
mordants. Wool, therefore, with certain limita- 
tions, is easier to dye than cotton. Silk in some 
ways is in a class by itself ; it may be looked upon 
asanimaliscd vegetable fibre, but in its general 
behaviour to roagents it strongly resembles wool. 

Vegetable Fibres* Vegetable fibres are 
divided into two classes — seed hairs and hast fibres. 
Cotton is the only textile of importance in the first 
category, although many attempts have been made 

utilise the fibrous growth on other seeds. The 
bast fibres are obtained from the stem of plants, as 
in the case of flax and jute, or from the leaves, as in 
the case of ramie. In cotton each fibre is a single 
whereas bast is composed of bundles of cells. 
Ine differences between the vegetable fibres are 
mainly of structure, and concern those charged with 
the preparative processes rather than the dyer, who 


nevertheless is obliged to modify his treatment more 
or less according to the particular fibre with which 
he is dealing. The principal constituent of all 
vegetable fibre is cellulose. Cotton is almost pure 
cellulose, linen somewhat less pure, and all the 
other fibres have much more of what, from the point 
of view of the dyer, may be looked upon as 
natural impurities. 

Cotton. Lancashire spinners and jnanufac- 
hirers make a broad but practical division of cotton 
into four classes, according to the length and dia- 
meter of the fibre. Sea Island is the finest and 
longest, Egyptian comes next, American is the 
mainstay of commerce and the typical cotton, and 
Surat,, or Indian, is a low-grade, short-fibred cotton 
which nevertheless finds its uses. 

These cottons are the down enveloping the seed 
of various species of (fossypium, and on the plan- 
tations the fibre is picked by hand and ginned by 
machinery. Both these operations have an effect, 
on the subsequent dyeing operations. If the cotton 
is not ripe it will dye unevenly, and ini perfect ginning 
will cause it to be full of dust, seed particles, and 
leaf. Ijcaf and seed particles are very tenacious, 
and may ap|H.*ar in the yarn or even in the cloth 
as black spots. In this ease the oil in the seed will 
give trouble, and cause spotty dyeing. 

Nature of Cotton. Apart, from these im- 
purities, which should not he present, cotton is 
composed of cellulose, water, and about 5 per cent, 
of constituent impurities, consisting of poetic acid, 
colouring matter, wax, and fatty and albuminous 
matters. The amount of colouring matter varies 
greatly; it is almost absent in Sea Island and 
white Egyptian, and largest in brown Egyptian. 
In this cotton and in the lawny fibres of India, it 
has to be taken into account l>y the dyer if he 
is dealing with unbleached goods. The wax, 
together with a very delicate cuticle which is not 
cellulose, serve ns a sort of waterproofing to the 
fibre. This is the reason why the dver dealing 
with unbleached goods is obliged to scour or wet 
out the cotton before entering it into the dye bath. 
The fatty matter in the fibre is identical with 
the oil in the sed, and also requires to he 
removed. The influence of this wax and fat ran 
bo noted if greydoth is steejied in cold water; it 
will be found that a considerable time elapses 
before it is wetted out. The pee tie acid is au 
amorphous substance resembling a, gum, insoluble 
in cold water, hut readily soluble in hot water. 

Bleaching, therefore, in which process alkalis 
are used and form soaps with the fatty matters, 
removes these impurities and leaves almost pure 
cellulose, the albuminous matter being in such 
small quantity as to be negligible. Cellulose is a 
carbohydrate — that is, a substance which contains 
carbon together with hydrogen and oxygen in 
the proportions in which they occur in water. 
Its formula is C rt H so that it is closely allied 
to starch and sugars. Jt is colourless, and has 
neither taste nor smell. Its specific gravity is about 
1*5. It stands heat until about 2§0 P F.; at this 
temperature it begins to turn brown and decompose. 
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It is absolutely insoluble in the ordinary solvents — 
water, alcohol, and ether, etc., and is not acted 
upon by them in any way. 

This general inertness, although it is the cause 
of the want of affinity for colouring matter, is of 
valuable assistance to the dyer, inasmuch as it 
enables cotton to stand all the various processes 
through which he has to put it. Cellulose, more- 
over, is hygroscopic, and the moisture taken up 
from the air renders the fibre soft and elastic. 

Mercerised Cotton. John Mercer, a 
Lancashire calico-printer, in 1844 discovered that 
caustic alkali solutions, much more concentrated 
than are used in bleaching, had effects upon vege- 
table fibre of great technical interest. In 1850 he 
brought out a patent which described the 44 new 
properties ” given to vegetable fibres by treatment 
witli caustic alkalis and other reagents. The prac- 
tical interest of his discovery has been almost 
narrowed down to cotton as the treated fibre and 
caustics soda as the reagent, cun ployed. 

When cotton is treated with caustic soda solution 
of about 00° Tw., neutralised with acid and washed, 
the fibre shrinks and acquires greater strength, and 
also greatly augmented powers of taking up 
colour in dyeing and printing. These two points 
were the object of his patent, hut he showed, at the 
Exhibition of 1851, samples of cotton cloth craped by 
printing the goods in patterns or stripes with the 
lye, allowing it to dry, and steaming the fabric. 
Tho printed places contract and remain smooth, 
dragging the imprinted places with them, which 
thus become crinkled. 

Tn Mercer's time the cost of caustic soda was 
prohibitive and mercerising had no commercial 
importance) until, in 1885, the French linn of Depoully 
reinvented craping by means of caustic soda, in- 
troducing a variety of novel applications, and for 
the first time made a commercial success of Mercer’s 
discovery, In 1890. Lowe, a Manchester chemist, 
patented the application of tension to prevent 
shrinking while tho material is impregnated with tho 
alkali, and claimed that the material acquired 
44 a bettor appearance or finish, and at the 
same time an increased tensile strength, and an 
augmented aflinitv for dyestuffs.” A few years 
later, Thomas & Provost, a firm of ('refold dyers, 
were engaged in dyeing silk-cotton mixtures. Wish- 
ing to increase the affinity of cotton for dye they 
had recourse to mcrcorisation, and to prevent the 
cotton contracting they washed it in a state of 
tension. They were using the finest staples, and 
they found that these Sou Island and white Egyptian 
yarns took a magnificent silky gloss. This they 
]>a tented in 1890, but in view of Lowe’s priority the 
patents were afterwards annulled. 

Lustre-mercerisation. The chief interest 
in the process to-day lies in this lustre-mereerisa- 
tion, by which cotton is given the ap}*earance of 
silk, and it is necessary for the dyer to under- 
stand the properties the cotton has acquired, 
and the new conditions under which ho must 
work. Generally speaking, all classes of dye- 
stuffs ordinarily used for cotton are available, 
but 25 to 55 per cent. less dyestuff is required 
to dye to the same deptli of shade, and the colour 
goes on much more quickly than in the case of 
un mercerised cotton. This tends to uneven dyeing, 
and the remedy is long baths — this is, with plenty 
of water — the employment of colours which exhaust 
slowly, a decreased addition to the bath of Glauber’s 
salt, and more soda, soap, or other ingredients 
which retard the netjou of the colouring matter. 
In T»o tase of dark shades, the bath, of course, must 


not be too long. Another pblnt the dyer must take 
into consideration is that the manner of dyeing must 
not injure the lustre of the goods. For this reason 
the direct cotton dyes are largely employed on 
mercerised material. In union goods, when mer- 
cerised and dyed cotton is used, it is more liable to 
bleed on to the wool than ordinary cotton, and a 
class of dyestuffs has been introduced to remedy 
this. 

Apart from lustring, Mercer’s original idea of 
using caustic soda to economise dyestuff has found 
a limited use. It was quickly discovered that even 
comparatively weak lyes, not capable of contracting 
the cloth, would save dyestuff, and that certain 
wool dyes could bo used on mercerised cotton. 
With both the natural and the artificial colours 
there is always ail economy of dyestuff, and some- 
times a simplification of the process, as in the ease* 
of several basic dyes, which may be used without 
a mordant. Tt is very necessary, therefore, that 
the dyer should study mercerised cotton from every 
point of view, ami consult exhaustive treatises on 
the subject. 

Linen. Flax or linen fibre is obtained from 
several species of the genus Linum, but especially 
from the flax plant, Linum Hsitatissimvin, cultivated 
in many parts of Europe, and notably in the North 
of Ireland. To-day nine-tenths of the Continental 
supply is grown in Russia. Being a bast fibre, it 
is much more difficult to prepare for the spinner 
than cotton, and the most important operation i- 
retting, in which process the flax is steeped in cold 
or hot water to remove the adhesive substance 
which bind the fibres to each other and to the woody 
portion of the stem. The method of retting is <>1 
importance to the dyer, inasmuch as it influences 
the colour of the product as ho receives it. The 
fibre should then be snowy white and lustrous. 

Its chemical composition is very similar to cotton, 
but it contains more pec tic acid and other impuri- 
ties, from which it is freed on bleaching, as in the 
case of cotton. It absorbs about the same amount 
of moisture, but is a better conductor of heat, ami 
is less elastic. It is more a heeled by caustic alkali- 
and bleaching agents, and although, as it is cellulose, 
the methods employed are much the same as in 
cotton dyeing, it is more difficult to deal with. 
Even unbleached linen, however, can be readily 
dyed with substantive cotton, colours by boiling 
twice with 5 per cent, soda, and rinsing well. H 
has some affinity for the basic dyes, as it contains 
a small amount of tannin. The fibre, as it come- 
to the dyer, contains woody and waxy impurities 
varying according to the nature and thorouglines^ 
of the preparatory operations, and also cellulose, con 
verted by the excessive percentage of pectin acid 
as compared with cotton — into pecto-cellulose. 

This, together with the physical structure of the 
fibre, explains the extra difficulty. The introdue 
tion of direct cotton dyestuffs, however, greatly 
simplified the dyeing of linen, and they arc ven 
largely employed. 

Jute* Jute is the bast fibre of various species oi 
Corchonis, ami our supply comes principally from 
Bengal. The preparation of the fibre from the 
plant is similar to' the processes used in the case ot 
llax, but simpler, and the product is freer from 
woody im purities. The raw fibre consists of bundle," 
of stiff fibrils, with irregular walls and a large central 
opening. The physical structure is the main diffi 
culty of the dyer, and the dyed jute often show- 
an absolute untouched centre if the ftwe' is f * l,t 
across. This is of little moment, howej^- in the 
ordinary unes of jute. ^ 



According to the great authorities on cellulose. 
Cross and Sevan, jute is not cellulose, but bastoso, 
a compound of cellulose with lignine. This bastoso 
behaves very similarly to tannin- mordanted cotton, 
and jute can be dyed direct with basic dyes. .lute, 
in fact, according to Hummel, is cellulose, a portion 
of which has become more or less changed into a 
tannin-like substance. Alkalis at tack jute, resolving 
it into cellulose and soluble bodies allied to tannins, 
and acids readily disintegrate it. This must, be 
taken into account by the bleacher and dyer. It is 
best bleached by the successive action of perman- 
ganate of potash and sulphurous acid, but the bleach 
does not last. Treated as in cotton bleaching, but 
with weaker lyes, an imperfect but more stable 
bleach is obtained. The tlyer has to put his best 
work in when the jute fibre is intended for use as a 
binding thread in carpet weaving, or for cheap 
classes of upholstery. 

Hemp* A very large number of bast fibres 
come on to the market under the name of hemp. 
The ordinary hemp, largely grown in Russia anti 
India, is the fibre of Cantu this satim. It is fairly 
successfully bleached in the Dundee district by 
special processes, but rapidly turns brown, and is 
tendered to some extent in the process. It is rarely 
dyed, but when this is required the substantise 
■lyes are used as for cotton. 

Ramie* Technical difficulties in the preparatory 
protresses, and the consequent failure of a steady 
supply, have prevented this beautiful fibre from 
taking the place among textiles which it deserves, 
tt is obtained from the stem of a stingless nettle, 
tfaehmtria nirra , grown largely in China, whence it 
has been called Chinn grass. Tt. is also called rhea, 
it is nearly pure cellulose, and consequently can 
easily bo bleached. It can be dyed like cotton, but 
care must be taken to preserve the lustre. In light 
shades, obtained with the substantive colours in 
lukewarm baths, it lias been used for curtain 
laces and napkins. It has also been used for 
upholstery. 

Minor Vegetable Fibres* Sisal, man ilia, 
coir, and a variety of other fibres, are of little or no 
interest, to the dyer. 

Artificial SilK* •Several varieties of this 
an* now on the market. The most usual kinds, 
such as the Chardonnet and Lehncr silks, are 
obtained from solutions of cellulose. They are 
dyed like ordinary boilcd-off silk, but at lower 
temperatures. 

The Animal Fibres. The animal fibres 
have nothing in common with the vegetable fibres 
in chemical composition, and are treated in a totally 
different manner in bleaching and, as a rule, in dye- 
ing. They are nitrogenous substances, and frequently 
contain sulphur. The great difference between the 
animal and vegetable fibres is emphasised by a rough 
test very frequently used by dyers. Take a warp 
thread of a union cloth and apply a lighted match to 
it. It burns with a quick, bright flame, and without 
smell — it is a vegetable fibre. Take a weft thread 
and hold the light to it. It shrivels up in a brownish 
head, and gives off the smell of burning horn — it 
* s an animal fibre. The results, of course, will 
be reversed if the war]) is wool and the weft 
<’Otton. 

„ W°°l and hair differ only in physical structure. 
• he hair of many animals is used in greater or 
^mailer quantities in the textile industry, but the 
curly, flexible, and elastio covering of the sheep is 
the typical textile. It varies not only with the 
«reed and habit of the sheep, but in its age, and 
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even the part of the animal from which it is 
taken. 

Physical Structure of Wool. The 

physical structure of the fibre is of high im- 
portance to the manufacturer and dyer. The ex- 
ternal cells arc* like irregular scales, arranged side 
by side and overlapping each other. When wool 
cloth is wet, and especially when exposed to pressure 
in the presence of soap, fhe scales interlock and the 
fabric frits. This is the object of milling; in this 
process a number of wool fibres are brought into 
elose contact and beaten or stamped in soap and 
water. Each fibre moves more readily in one direc- 
tion than the other, with the result that the mass 
of fibres are gradually locked together, and the 
cloth becomes thicker and denser. This is taken 
advantage of in the manufacture of many classes 
of goods, such as flannels, broadcloths, and hat- 
bodies, but it. is a great disadvantage in the dyeing 
of stubbing and yarns, and the dyer has to guard 
against it. 

Wool is very hygroscopic, much more so than 
cotton. In warm, dry weather if may contain as 
much as 12 jier cent, of moisture, but in a dump 
atmosphere it will take up even ."><) per cent. When 
damp, it is not liable to mildew, as are the vegetable 
fibres.^ When steeped in hot water the fibre softens 
and swells ami becomes phnfic. It may he formed 
into any shnjie required, and retains it on cooling. 
This prn|ierty is taken advantage of in many textile 
processes, and is of great importance to the dyer 
in preventing the wool in mixtures — say, with cotton 
— from shrinking when washed, and in all wet- 
finishing processes. 

Wool comes on the market as “washed” and 
“ unwashed ” according as to whether it has been 
washed oil the sheep’s hack or not. Wool, “ in 
the grease,” as the latter is called, contains a large 
quantity of impurities, which can he removed by 
washing and also yoke and suint. Yoke is in- 
soluble in water, but can easily bo removed by 
soap. Suint consists of potassium salts of oleic, 
stearic, and acetic acids, and as it forms a natural 
soap with the yoke it helps to remove it. 

Chemical Composition of Wool. The 

chemical composition of the wool fibre itself, 
when heed from these impurities, closely resembles 
that of horn. It consists of carbon, hydrogen, 
oxygen, nitrogen, and sulphur, and the presence 
of this last element distinguishes it from silk. 

The sulphur may cause trouble to the dyer. 
If the water contain lead, dull shades are produced 
in a neutral or alkaline hath, but this may he 
corrected by adding sulphuric acid or in some cases 
alum. If the wool comes into contact with lead, 
copper or tin, stains result, owing to the formation 
of the sulphides of these metals. Mordanting with 
a tin salt lias the same result. If necessary, the 
sulphur may be almost removed by steeping the 
wool in milk of lime, washing in water, then in 
weak sulphuric acid and again in water, repeating 
the operation several times. 

Effects of Acids oft Wool. Weak solu- 
tions of hydrochloric and sulphuric acids have 
little effect on the fibre except that they make 
it feci harsher. They are used in the dyc-bath 
in wool dyeing, and ns they are more energetic 
in their action on cotton they are also used to 
remove this fibre from lags or shoddy. The 
usual process is to steep the shoddy in dilute 
sulphuric acid, squeeze out and dry in a stove at 
about 225 Q F. The cotton is carbonised and 
disintegrated and can bo beaten out of the 
goods. 


J5639 



ovum* 

Concentrated mineral acids destroy wool. Dilute 
boiling nitric acid is used to take out the colour 
from goods already dyed, as, for instance in “ strip- 

K ” garments for re-dyeing or in correcting dye- 
io mistakes. Sulphurous acid is used as a 
bleaching agent, as wool would be destined in 
. the processes applied to cotton, and must be 
thoroughly removed by steeping in ^ery weak 
solutions of chloride of liiue and washing well. 
O tiler wise uneven dyeing will result, especially 
with light colours, which may even be destroyed 
by the sulphur dioxide retained in the fibre. 

An excess of chlorine destroys wool, hut when 
the libre ig submitted to the very slight action of 
chlorine or of a hypochlorite it is said to he “ chlor- 
inated ” and has acquired some valuable properties. 
It has a yellowish tint and a harsher feel, but it 
has lost most of its power of felting, and therefore 
the process is used to prevent the shrinking of 
woollen hosiery and clothing. It has also acquired 
a greater affinity for colouring matter. This is 
taken advantage of by the muslin delaine printer 
very extensively, and also to some extent by the 
wool dyer, who, for instance, can produce two- 
colour effects on all wool goods by ehloring the 
warp before weaving, and leaving the weft un- 
treated. The war}) then takes up a much deeper 
colour in the dvc- hath. 

Effects of AlKalis on Wool. The action 
of alkalis on wool is very peculiar. While com- 
paratively weak lye at an ordinary temperature 
disintegrates the fibre more or less rapidly, a 
short immersion in caustic soda of 82^’ Tw. at 
a low temperature, say 50° F„ produces an 
effect analogous to morcerisation. The fibre 
takes a soft silky fee! and scroop, and a greater 
affinity for colouring matters. The economy of 
dyestuff effected has ne\er sufficiently been ex- 
perimented upon, but two-colour effects have 
been produced in the piece by using mercerised " 
and “ unmeroerised ” wool after the manner of 
chlorinated and untreated fibre. The treated wool 
is also freed from sulphur to a large extent. 

Wool, unlike cotton, has a positive action on 
metallic mordants, readily decomposing them in 
hot solutions and retaining their oxides in the 
fibre. It has also a strong direct attraction for 
several classes of colouring matters. Its porosity 
also enables it to he readily treated. This general 
activity makes the dyeing of wool comparatively 
easy, hut on the other hand it has the drawback 
of being the frequent cause of uneven dyeing. 
In most cases the care of the dyer must be to 
moderate the action of his baths and to regulate 
his work so that one portion of his goods does not 
absorb an unfair share of the dye. 

Wool from a diseased animai dyes badly, and 
from the dead sheep much worse still. “ Dead 
fibres ” which have been pulled out before the 
sheep was sheared take the colour badly, and 
“ kemps” — smooth, white, almost scaleless fibres, 
met with in coarse wools --also take less colour and 
( may produce spotty dyeing. They are usually 
combed out, however, in the preparatory processes. 


SilK. The silk fibre is a continuous thread 
spun by the silkworm. The ordinary silk of 
commerce is produced by the mulberry silkworm, 
Hornby x mori ; all other descriptions, such as 
Tussah or Tussore, Eriu, tyjuga, and Atlas, are 
classed as wild silks. 

Raw silk consists of a double fibre cemented 
with a layer of silk glue. When “ boiled off ’* 
the fibres are separated, and, losing the yellow of 
the enveloping glue, are almost white and lustrous. 
They differ from vegetable fibres and from wool 
by being devoid of cellular structure. Silk re- 
sembles wool in some respects, but it is distinguished 
from it chemically by the absence of sulphur. 
Although classed as an animal fibre it also has 
resemblances to cotton and must be looked upon 
as annualised vegetable. It is very hygroscopic 
and will absorb as much as 30 per cent, of moisture 
without feeling damp. It is very elastic and 
strong, and has a high lustre. 

A very distinctive property is the peculiar 
crisp rustling sound it emits when it is squeezed 
in the hand. This is known as the “ scroop," 
and is imitated by chemical means in mercerised 
cotton. What the French call the frou-frou is a 
valued projierty in ladies' dress material, and 
the retention of it has to he carefully ensured 
in the dyeing operations. Raw silk has no 
scroop, the property being imparted to it in an 
acid bath after boiling-off. It can be imparted 
to it after dyeing, and this is usually done in a 
bath containing oil and acid. Silk is a bad con- 
ductor of electricity, and therefore becomes elec- 
trified by friction ; this is overcome by keeping 
the air moist in the rooms where it is worked. 

Treatment of Silk. To develop the proper 
ties of softness and brilliancy the yam is submitted 
to several mechanical processes, and the particular 
difficulty of the dyer in dealing with it is to retain 
its mother-of-pearl-like lustre in full. Silk contains, 
in addition to the fibre, the gum or glue which is 
soluble in boiling water, small quantities of wax. 
fat, and resinous matters, a small quantity of asli 
and water varying with the dampness of the 
atmosphere. The fibre itself is a compound ot 
carbon, hydrogen, nitrogen, and oxygen. Acid" 
have a more rapid destructive effect on silk than 
wool, and hot alkalis dissolve it, but not so quickly 
as wool. Boiling solutions of basic zinc chlorides 
dissolve silk but do not affect the cotton or wool. 

Silk decomposes metallic mordants as readily as 
wool. Potassium bichromate injures the fibre, 
and dilute solutions of bleaching powder chlorinate 
it like wool, increasing its affinity for colouring 
matter, but to a less extent. It is very easily 
tendered, even sodium carbonate affecting it in 
warm solutions, and this is a point that the dyer 
must bear in mind. It behaves like wool to 
colouring matters and can be easily dyed direct 
with several classes of them, and its affinity for the 
basic dyes is even greater than w r ool. The terms 
of the silk dye-house are largely borrowed from the 
French — organ zine is warp silk; Imma is weft; the 
term t'rru will be explained later. 
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which the getmrai rule is elaborated that a eon- type— the slide valve , actuated by a plain ccecntrio 

net ting rod should be as long as is possible in directly— and consider its mode of action, 

reason. All the steam for use in the cylinder must come 

In the first place, when the piston is at the through the steam chest [5]. There are three 

middle of its stroke, at the point 3 in 6, the crank passages which afford communication between the 

pin is not, being either a little ahead, or short of it. steajjfl chest and the cylinder ; the steam }>assag<* 

This is shown by the diagram where the crank pin, through which live steam enters to each end, ami 

3', is not exactly over the centre, c, of the crank through which also steam, having done its work, 

shaft. In the second place, the rate of revolution exhausts back under the valve, and out through 

is irregular. By dividing the path of the _ the third or exhaust passage, coimnunica- 

. piston' into any number of equal parts, V~^zT\ tion witfl wIlich can tft ke l»l« ce °nly 

0 tp t>, and setting off the length of the under the arch of the J) slide valve, 

connecting rod therefrom to the crank The valve controls the opening and 

circle, (V to t»\ a glance suffices to show c closing of the port*— which are the 

that the rate of revolution of the crank openings of the steam passages that 

pin varies greatly, and changes constantly £ abut on the steam chest. 

(compare 0' to 1' with 3' to 4'), and but rj t valve without CaU stud Y tll ° action, in the first 

for the steadying influence of the flywheel, * ' JAp place, in a type of valve that is obsolete 

engines would rotate in a more or less jerky J ‘ --namely, that in which no provision 

fashion, due to the angularity of the rod and was made for the expansive action of steam 1 71. 

partly to the momentary pause ‘in the reciprocation In this diagram the valve, about to move in 

of the piston. Even double engines when coupled the direction of the arrow under the pull of 

do not run with perfect steadiness unless a flywheel the eccentric rod, is beginning to admit steam 

is fitted. to the passage A behind the piston I), moving 

The Flywheel. The flywheel and the it in the direction of its arrow. The piston, in 

crank being keyed on the same crank shaft, the sweeping through the cylinder, drives out all the 

wheel is caused to partake of the rotational move- spent steam in the space E, hack through the 

ment of \the crank. The flywheel is an equaliser passage B, and under the arch, a % of the valve, 

of the movements of the piston, which, without the whence it escapes through the exhaust passage V, 

wheel, would be of a jerky character, the reasons either into the atmosphere or into l he condenser, 

for whieh are those just given, and also of the vary- Observing the fact that the outer edges of the 

ing effort of the expanding steam. Flywheels are valve when in the central position coincide exactly 

proportioned to store up sufficient energy to 'carry with flic outer edges of the ports, it is not difficult, 

the engine over the dead points. They are variously to see that the initial introduction and tin* final 

made, but the rims in any case are cast, examples exhaustion of the steam must coincide t.racUi/ wit h 

of which will be seen in due course. the terminal positions of the piston. This is obvi- 

The action of a flywheel is referable to gravity, ously a bad arrangement, because live steam con- 

according to the formula tinues to enter the cylinder during the whole of the 

m x tv) 1 . ... , . , . piston stroke, and the exhaust steam does not. 

2 g t or 04-4 ~ WO, k 1,1 P oun< ^ s stored in the nm, escape readily at the beginning, and therefore offers 
where m - weight of rim in lb., v velocity of resistance (back pressure) to the a pproachmg ] list on. 

rim in feet per second. The weight of the arms is To obviate these evils is the object of lap, and lead, 

not calculated. The diameter of a flywheel is. Lap. The term lap signifies a. supplementary 
therefore, of little importance — some engines have extension of the valve, by which its edges extend 

small, others large ones ; the mass and velocity are or lap over the ojienings of both the ports to a 

the points of importance. The velocity of the rim definite amount, which is measured w hen the valve 

calculated may vary within from one-fiftieth to is in middle travel. It represents an amount by 

one-eightieth of the mean velocity without affecting which the steam passage can be closed before the 

steady running. A flywheel much too light or too piston arrives at the end of its travel, so |>er- 

heavy is an evil. The function of the wheel is to mitting the steam behind’ the piston to work 

prevent acceleration by absorbing excess of pres- expansively beyond the point at which it is cut 

sure; und to prevent retardation, by giving out of off. Suppose the valve has a lap of £ in. and 

its stored energy when the pressure is insufficient. that such an addition will out off the steam at half 

The Valve Motion. The methods by which stroke, then, during, the second half of the stroke. 


the admission and exhaustion of steam 
are controlled by the rotary motion 
of the crank shaft would he more 


“"‘(J*'' (F 

S 4 3 


6. OBLIQUITY OP CONNECTING ROD 

astonishing were they not so familiar. It is 
not merely that a constant volume of steam is 
admitted on each stroke, as in the simpler types, 
hut that the supply can he rendered variable 
within minute limits, to counteract unequal loading 
or rates of running of the engine. The subject of 
these valve gears, and the methods by which they 
control the valves, would till a large volume. For 
the present w.i take a plain valve of the sliding 
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. 5* ,, no more steam 

^ ■ ' . , being admitted. 

\ __4~— y — T? the volume closed 

<| • « N within the cylinder 

' ~~ . ‘ • j \ will work by its 

■ j ] ; ’ \ elastic force only. 

<4 — L — l — _ A>0' or expansively. 

i j : ! | Now, it is clc.ii 

• j ; j / that the addition 

\ ; ' i| ; • / of J in. of lap tu 

\ ; ;| ' the normal valv> 

^ requires that th« i 

^ ■ eccentric, instea'i 

of having its eccentricity at right angles with tin* 
crank, shall have its eccentricity J in. in advaim 
(linear advance) of the crank, or it would not open 
the valve [8, 6‘J. Such an arrangement is termed 
fixed expansion, when the amount of advance cunnoi 
be altered. But most engines now have variahl 
expansion , effected cither at the eccentric itself or 
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by link motions, of which there are several types, 
which include provision for reversing the direction 
of motion of the engine. 

Lead* Returning to 7, we observe that the 
steam must enter with difficulty at the beginning 
of the opening of the valve, and if fittings «were 
loose it might hardly get in at all. But now, if the 
valve be set by the eccentric so that the valve isopen 
slightly [8, a] when the piston is at the end of its 
stroke, ready to return, some steam will enter. The 
amount of opening, a, left (/rad) is not much, usually 
from ;,V in. to t V, in., but it is sufficient. The 
linear advance of the eccentric then lias to equal the 
amount of lap plus the lead. The method of sett ing 


this out is shown on the diagram |8J, to which further 
reference will be made. 

Nor is this the only advantage of lead, but the 
Mnall volume of steam thus admitted (pre-admission) 
■‘cts as an elastic buffer or cushion ( cushioning ), to 
>nng the piston quietly to rest before it starts on 
its return stroke. Lead is also given to exhaust, 
° facilitate the escape of the spent steam, and so 
e *sen the loss of power due to tne imprisonment of 
<m excessive amount of steam ^on the exhausting 
Mae of the piston (back -pressure ). 

Pressure. The reciprocating parts 
’men acquire momentum in their movements are the 
piston and its rod, the crosshead, and the connecting 


rod. In modern engines these travel at speeds of 
from 300 to 000 ft. per minute, with corresponding 
momentum. As they are pushed with a power of, 
say, from 50 to 150 lb. on each square inch of 
the piston area, the same back pressure is required 
to bring them to rest before reversal ; lienee the 
value of a cushion of steam. But for this cushion 
the joints of the crank pin, the crosshead, the piston 
and its rod, and the bearings of the crunk shaft 
would be much more severely shocked than they are. 
This is a very important practical point in the 
working of engines. The back pressure becomes au 
evil only when it offers excessive resistance to the 
proper movement of the piston. Back pressure may 
also be considered to afford 
some compensation for the 
large clearance space of the 
steam passage. As it is ex- 
hausting steam that is 
compressed, if the com- 
pression continues up to 
boiler pressure the passage 
will be filled with steam of 
equal pressure with that 
about to enter. Then, too, 
the opening to lead may be 
very small, or from fa in. 
to V«, in. 

Wire Drawing. This 
term signifies reduction of 
steam pressure as it enters 
the cylinder. This may be 
due cither to reduction of 
pressure at the throttle 
valve, or the regulating valve 
in the steam supply pipe, 
termed throttling , or by 
having the steam passages 
in the cylinder too small. 
In either ease wire drawing 
is an evil, and it can readily 
be detected by an indicator 
diagram. One great ad- 
vantage of the use of auto- 
matic expansion gear is that 
the steam supply to the 
cylinder is controlled exactly 
by the cut-oif of the valve 
or valves, at varying points 
in the piston stroke, with- 
out wire drawing or re- 
duction of pressure. 

Operation of a 
Simple Valve. The 

diagrams 8 to 12 illustrate 
the successive stages of the 
slide valve with lap and lead 
through a complete cycle. 
In these diagrams the full 
lines AE represent the con- 
necting rod. and the broken lines CT the 
eccentric rod. The val\e rod extends from F to 
the valve I). The length of the piston rod is not 
shown — it is, of course, a matter of no moment— 
neither is that of the valve rod, each being always 
in one plane. Only the rods which have obliquity 
control the essential relations. The valves in each 
diagram are shown for convenience us removed 
from the back or side of the cyinder to a location 
above. 

In 8 the crank pin , A, is on dead centres nearest to 
the engine, and the piston, B, is momentarily at rest, 
compression having taken place by the admission 1 
of steam through the port opening to lead at a. 
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The eccentrics sheave has its greatest eccentricity 
at C. The distance b is the linear advance of 
the sheave - lap -fe load, and 6 is its angular 
advance. The advance is reckoned from a line at 
right angles with the line that connects the crank 
pin and crank shaft. Tn whatever direction the 
eccelilric is set, it bads the engine by opening the 
suitable port. Thus, in 8 the eccentric, (\ has drawn 
over the valve, 1), to open the port to lead, a , so 
admitting steam behind the piston, B, and the piston 
must therefore move in the direction of the arrow, 
and the crank rotate in the direction of its arrow. 
Clearly, movement could not take place in the other 
direction, hut if, the crank pin remaining at A, the 
eccentric wore located at C*. it would lead the crank 
pin in the * * 

STKhjJ >■ n. jcfjpUKii 'i 
uioTiigVno LuJ rrr 
Z'!l ' V f 

In the next * 11 

|9J tile etveii- jg f KEVKKSINU ECCENTRICS IN 
trie, V, has PHE-LINK MOTION PERIOD 

moved sufti- 

eicntly to open the induction port fully, and the full 
boiler pressure is being exerted behind the piston. 
The steam from the previous stroke occupying the 
area in front is exhausting freely. The eccentric 
being now on its dead centres, its backward move- 
ment begins, and the next J10] shows that the valve 
has returned and close* l the admission port. From 
that moment the steam at boiler pressure in tbe area 
behind operates against the piston by virtue of its 
own elastic force or expansion, and gradually the 
eduction port is being closed by the inside. a 9 of 
the valve, and a certain amount of back pressure is 
beginning to take place, in the next 1 11] l fie valve 
is nearly in middle travel, lapping over both ports, 
no steam entering and none exhausting, for the edge, 
«, has covered the exhaust port; hence there is 
expansion going on on the left-hand side of the 
piston, 11, and cushioning on the other. The fact is 
now apparent how inside or exhaust lap, or lead, 
at a can be made to control the amount of cushion 
mg. If tlien^ is inside lap the escape of the steam is 
delayed; if inside lend, it is accelerated. Finally, in 
12 tile stroke is completed, and the valve has opened 
the other port to lead for steam admission, the 
crank pin is on dead centres 180 c from its first 
position, and the cycle begun in 8 is beginning for 
the return stroke. 

Types of Eccentrics. Eccentrics are of two 

kinds— fixed and movable. The latter are either 
reversing simply, or of both reversing and expansion 
ty]>os. With the tixed eccentrics, reversing and 
expansion can be effected only through the medium 
of a link motion. This is titted to practically all large 
stationary engines and locomotives, but very many 
small engines are without it, as it is unnecessary for 
the class of work which they have to perform. It 
is not required when an engine always has to run 
in one direction, when steam is worked expansively 
by a tixed amount of lap cm a common slide valve, 
and of angular advance embodied in the tixed 
eccentric, and when a moderate variation from 
normal speed is not objectionable, such as could be 
secured by a governor action on the throttle valve. 
All smaller commercial engines are included in this 
class. 

There are, however, a fairly large number of 
engines in which it is desirable to make a less expen- 
sive provision for occasional reversing and expansion 
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than that which is afforded by link motions and by a 
governor actuating the cut-off of the slide valve. 
The expansion eccentrics here fill a useful place. 
Substantially, they comprise a circular plate per- 
manently fixed to the eccentric shaft, and an 
eccentric sheave free to move round an arc of the 
shaft, with provision for bolting it to when set at 
certain angles to the fixed plate. Perhaps everyone 
does not know that the early locomotives Mere fitted 
with loose eccentrics to effect reversal of the engines 
before the link motion was invented. Figure 18 illus- 
trates one of these from De Pambour’s treatise on 
locomotive engines, showing them «r made in 1840* 
— the loose eccentric sheaves, A, cast in one piece, 
with their maximum radii at right angles with 
each other, fitted loosely on the crank axle. Two 
holes were made in the discs, B, that Hanked the 
eccentrics, and formed integral portions of them. 
These received pins, a, termed drivers , the bodies 
of which were bolted securely to the»erank axle at 
l ight angles with each other, and with the crank-'. 
The eccentric sheaves were slid endwise to cause 
either of the driver pins to enter the hole 
prepared for its reception. The movement was 
effected by a lever from the footplate. 

Reversing Plate. A good example of a 
reversing plate is shown in 14 , complete. The main 
plate. A, slotted, is keyed upon the crank shaft. 
The eccentric sheave, B, provided with a tixed 
amount, of angular advance, has a tongue on the 
face which meets the plate, which tongue slides in* 
a. groove in the plat**. The sheave also has an 
elliptical slot in its body to permit it to move up 
and down over the crank shaft C. It is clamped 
to the plate in any position by the bolt 1), lilting 
tightly in the sheave, but sliding in a slot in 1 1n* 
plate. To set the amount of expansion, the plait' 
is marked F., M.. B., corresponding with forward. 

middle, and back- 
ward travel. The 
head of the holt l> 
is prolonged into 
a pointer, a. which 
is set to either 
division required 
and there clamped. 
Divisions may also 
be inserted for dif- 
ferent grades nf 
expansion. 

Expansion 
Ecc e ntrics. 
Figure 15 illustrates 
the ox jams ion ce 
centric by Boston. 
Proctor & Co., Ltd.. 




14 . REVERSING ECCENTRIC 
PLATE 


as made for mum 
of their portable 
and fixed steam 


engines. A is the circular plate keyed on tie 
trank shaft. The sheave, B, is secured to this hv : 
bolt, Ik which passes through a- curved slot in tin 
plate A. The total range for reversing and expansion 
is indicated by the diverging dotted lines a, b , .it 
which positions steam is cut off at one-half the 
stroke, the engine running in the direction of tin* 
arrow when the bolt C is tightened at one end m 
the other of the slot. If in" the position *4 and d 
respectively, the steam is cut off at four •tenth" 5 
and three-tenths respectively of the stroke. 

The Limitations of the Slide Valve. 
High rates of expansion cannot be obtained with tlw 
common slide valve, because the expansion 
governed by lap, and increase in lap leqnircn 
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increase in the angular advance of the eccentric, and 
such increase causes early closing of the exhaust, as 
well as early cut off, and this produces too much back 
pressure. To a considerable extent the question of 
back pressure is determined by the class of engine. 

In slowly-running engines a large back pressure is 
objectionable. In fast-running engines it is advan- 
tageous. In locomotives, for example, the common 
valve is used, and a large amount of cushioning is 
desirable on account of the very high 
momentum of the piston. , : 

. Another objection to the slide valve 
Covering the three ports at or near the f ’ 
middle of the length of the cylinder is 
1 he loss occasioned by the clearance Miners ,f : | 
occupied by the passages. The entire \ ; \ ] 4 y 
length of a steam passage is about half as ^\* "*■ — * 

long as the cylinder, and the volume of Ns ^- 
steam contained in a passage may be 
equal to ab#Ht one-thirtieth of the 
volume of the cylinder. The greater 
portion of this steam is wasted at each 
stroke, going out with the exhaust steam 
on the return of the piston. %JyAVf\ 

When high economies and high rates A 
of expansion are required, and slide valves 15 j« 
nre still retained, then two valves arc used, 
tin* main wilve moving over the ports, ami 
.m expansion, or cut -of] mice, on the back of the 
main valve. The opening and closing of the exhaust 
port are then controlled by the main valve and 
the steam lap, and cut-off by the expansion valve. 
Though these arrangements do not avoid the evil of 
long passages with clearance losses, they lessen the 
•‘M assive back pressures. if long passages are to 
In* avoided, separate valves and passages must be 
u.scd at each end of the cylinder, or the Corliss, or 
Drop valves must be adopted. 

Automatic Expansion Gear. This gear 
is that which is effected by the governor acting on 
the slide, or steam supply valves to 
tin* cylinder. It effects variable ex- 
pansion, meaning by that, degrees of . 

expansion which vary from moment to j j ? 

moment with every variation of load 
• •a the engine It differs, therefore, 
from hand expansion gear, effected by 
tin* adjustment of back cut-off valves. 
and of the expansion eccentric adjusted jj (pTI) 

•m the face of a lixed plate. It is also 
distinguished from expansion effected \ ~ 
by link motions, which, though capable 
of producing immediate variations in 
degrees of expansion, are never- — - 

thelcss hot usually automatic in 
action, but- are put into operation \ 

by the hand of the engineman. In 
some cases, however, the governor ■ *■ 

is made to o]ieratc on the link 
motions, and so control them in 4VTr> 

an automatic manner. DOUBLE and 

The value of automatic expan- VA 

^iou gear lies in this. When the load on an engine 
•tries, or is liable to vary constantly, and vet a 
steady, uniform rate of driving is desirabk ... 


essential, then the automatic gear is instantly 
responsive - to changes in speed, and corrects those 
changes in their incipient stages. The governing 
1‘ffcra from that of ordinary governors, which net 
"tt the steam supply valve — the throttle valve — in 
ting instead on the dide valve. The difference 
!* important one, although, or? first thoughts, 
lf m *ght seem a matter of indifference whether the 


nd steam supply is regulated in the supply pipe, or 

as after it gets into the steam chest. But actually 

ick minute adjustment is not practicable in the first, 

of while it is in the second. The steam space inter- 
ne. veiling between the throttle valve and the steam 

* is chest is too large to admit of instant results 

fin- following, and if the steam supply is largely reduced, 

ion wire drawing takes place in the passages. But if 

r is cut-off is effected by the slide valve the effect is 

instantaneous on the speed of the engine. 

^ \ „ Relations of Passages and 

j Ports. In the type of valve we are 

V; considering j5] the same passages and 

Kin port openings are used alternately for 

T . M j both supply and exhaust. This is not 
an ideal arrangement, and is one of the 
'/• j reasons for the preference often given 

^ either to Corliss valves, or to Drop valves, 

in which the functions of the passages 
are separated. It is essential to the free 
working of an engine that there should 
lHl~, be no impediment to freedom of ex- 
haust. for if there is, a corresponding 
3 amount of back pressure is set up. 'Phis 

J , * i has to be overcome by the pressure of 

15. EXPANSION the incoming steam on the opposite side 

ECCENTRIC of the piston, so throwing unnecessary 

work upon it. This back pressure is an 
the evil, and is such must be distinguished from the 
list slight amount of cushioning produced by the small 
ind amount of lead given after the steam has exhausted, 
ve. and at the instant that the piston comes to rest. 

I of In the common valve, when the valve is at full 
the stroke, and the steam supply port full open, the 

* to exhaust side of tin* valve has travelled beyond the 

be edge of the port from which exhaustion is taking 

. or place. The amount of overlap equals the outside 

lap minus any inside lap allowed. Consequently, 
ear when the supply port N closed, the exhaust port i 

on open only by an amount equal to the outside lap 

. ,. w , minus inside la)>. If the width of the 

c ports is made to correspond with this 

V 4JJL exactly, the same area will be opened 

jf to exhaust as to sUmm, whereas the 

former ought to be in excess of . the 
latter. 'Phis is often accomplished by 
making the ports of greater width, and 
causing (lie valve to open the port to 
C CFm) il » tea m only partially, and to open that 

itfVl to exhaust fully. This design is termed 
j the eehunst relief valve. 

■Zze.rx.'iY.j.. :: — - The. same principle is carried a stage 

17 farther in the double and treble ported. 

— - slide valves. 

Double and T reble Ported 

•axJ L.4. 1 " Valves. In the double ported 
r i valves [16J the steam passages, A. 
ly, . .,,^1 open out into two ports instead of 
jg one. Compare with 5. The steam 

enters both outside and through the 
s T D TREBLE. PORTED | )(M j v n f t) l0 valve. BH. at once, anil 
VALVES exhaust^ also into the areh, C, 

;ine through two ports, which are fully open when the 
t a valve is at full stroke. Hence, also, the travel of this 
type of valve is only equal to one-lmlf that of a 
itly single ported valve having an equivalent port 
ose opening. Figure 17 shows the valve as it appears 
ing when fully open to steam and fully exhausting, 

net Treble ported valves [18] are an extension of this 

-in design, three ports opening into each steam and ex- 
nee haunt passage. Beyond this the designs of this type 4 
its, of valve do not go ; if less movement is required, and 
the sharper action, the Corliss, and Drop valves are used. 

Continued 
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A FITTING conclusion to the course on the 
**■ leather industries will consist of some prac- 
tical recipes for the use of leather-workers. The? 
recipes which follow on this page have been 
compiled by one of the first- leather experts in 
the country, and have been proved and found 
excellent for their specific purposes. 

Curriers’ SizE. Boil :} gal. of glue size and 
add i pt. soft soap, .} pt. curriers’ grease, and 
J.J pt. of milk. Strain ready for use. 

Kid Size. 'Fake cuttings of calf kid that have 
been tawed, and cover them with water and 
simmer them for a few hours. Apply with a 
sponge. If required black, add a sufficiency 
of bone-black. 

Paste for Filjj.vo Splits and Kips. Mix 
1 lb. of rye or household flour with 1 oz. of resin, 

I oz. of white curd soap with -I J oz. of clear glue, 
and 14 oz. of best tallow. Add a few drops of 
ammonia. Another recipe is 1 qt. of flour, 2 oz. 
of tallow, l oz. of resin, 1J oz. of beeswax. .‘1 oz. 
of soap. 

Colouring for Waxed Butts. Mix to- 
gether cod oil and vegetable black, and apply 
to leather previously slicked, cleansed, and 
sized, with a brush ; or a sizing of gelatine may 
be given first, the leather glassed, then apply 
the above. 

Leather Finishing Size. 4 oz. of gelatine 
is placed in 5 gal. of soft water until swollen and 
softened. When this has taken place, it should 
be subjected to heat in a water hath, stirring the 
while. To this is added the following : t> oz. of 
linseed oil, 2 lb. of earnauba wax, 1 lb. of white 
curd soap, and the mixture is heated until 
thoroughly dissolved. A little dye used to stain 
the skins is sometimes added. One or two coats 
may lx> given. When dry, polish with woollen 
cloth. 

To Impart a Dull Lustre to Leather. 
dissolve curd soap in lukewarm water until a 
syrupy solution is formed. Sponge this evenly 
over the leather, and when dry polish by rubbing 
with a woollen rag. 

Bleaching Leather. Carefully go over the 
leather to be bleached with a moist sponge, so 
that the whole of it is evenly moistened. This 
application is improved if sal ammoniac is added 
to the water. By applying peroxide of hydrogen 
with a cloth or clothes brush, the leather will be 
bleached. Repeat the opera* ion until bleached 
sufficiently. 

Dissolve borax in water, about 1 lb. to each 
3 gal., and soak the leather. Dip the leather in 
sulphuric acid and immediately wash in soft 
water. Put the leather in a drum with hot 


sumach solution, adding a .foth part of muriate 
of tin. 

Topsize, or Finish for Black Leathers. 
Dissolve white shellac in water and borax, with! 
tlie aid of heat. Add nigrosin for colouring 
matter, and allow to cool. Put on with a sponge, 
or China moss dissolved in water and boiled for 
a couple of hours. 

Shoemakers’ Wax. Take equal quantities 
of pitch and resin, and add, according to the state 
of the weather, tallow'. Pour the%iixture, after 
heating, into cold water, and pull it until it is 
able to float on the water, taking care to keep 
Jthe bands well wetted, to prevent it adhering 
to the fingers. 

Saddlers’ Wax (Black). Take l lb. pitch 
and 1 J lb. resin, and mix with a sufficiency of seal 
oil. In cold weather, add { lb. less resin. Bone- 
black can be added to make it very black. After 
the pitch and resin has been melted, add the oil, 
the amount varying with the time of year- 
winter or summer. Pour the mixture into cold 
water, and knead and pull it until it floats. 

Saddlers’ Wax (Brown). Take of light- 
coloured resin U oz., of white lead U oz., and of 
beeswax .J lb. Prepare as for black wax. 

Harness Black Dye. Take 20 parts water, 

4 parts logwood chips, 1 part nutgalls (powdered), 
and 2 parts cop|«Tfts, with a little gum nrnhic, 
to add a consistency to the mixture. A drop <>r 
two of ammonia adds to its striking power. 

Permanent Black Ink. 'Fake I lb. logwood 
chips and 1 gal. water, and boil for half an hour. 
Then add J oz. of bichromate of potash. When 
cold, add the solution made by dissolving glue 
in water. 

Paste for Polishing Brown Leather. 
Melt together 1} lb. of beeswax and j lb. lard, 
adding, when mixed, J lb. of oil (neatsfoot). 
When it has half cooled, add .{ lb. of turpentine, 
with dragon’s blood or similar colouring ageni. 
Rub the mixture when cool on the leather, brush 
it well, and afterwards finish the polish with a ran. 

To Keep Patent Leather Soft and Li s 
i Rous. Melt white wax over a water Imth, 
adding a little pure olive oil and rectified lard, 
and mix by stirring and adding oil of turpentine 
Allow' to cool, and when wanted, rub a little on 
the. patent with a rag, and polish. 

Shoe Dressing. Take 1 lb, of gum traga - 
canth and J pt. of cod oil, and put them t*> 
dissolve overnight. Next day pour on J gal. «•’ 
boiling water and allow to stand for 5 or 6 hour-. 
»Sfir well and add more water gradually, day bv 
day. This dressing gives a moist, soft feel t ■> 
the leather. 




A SHORT DICTIONARY OF LEATHER TRADE TERMS 


ADHESIVES — Pastes, starch, glues, 
soaps, dextrins and rubber solution 
used for sticking leathers. 

BACK-STRAP — A thin strip of leather 
placed inside a seam to protect it. 

Barfing — The process of closing 
which consists of seaming two pieces 
together, and then turning it out 
and closing a second row. 

Balance-wheel — The name given to 
the wheel at. the side of the sewing- 
machine. Used when making half- 
turns in raising or lowering t he needle. 

%ar Shoes - -Shoes designed with 
straps or bars across the front and 
forming an open- worked design. 

Bark-bottomed lasts— -Lasts cut, with 
the bottom facing the bark. Such 
lasts shrink most in width. 

Bark-sided lasts— A last cut from 
the wood in such a manner that the 
sides of the last run parallel to the 
bark. Lasts £ut this way shrink 
most in height. 

Bating — The soaking of skins in 
bran aud animal excrement to soften 
them and remove the lime. 

Bazlls — The skins of sheep ; skins 
that- are tanned for shoe-linings. 

Beading: — The insertion of a thin 
double strip between two other 
pieces of leather so as to show the 
folded edge of the thin piece. 

Belly -The portion or a hide or skin 
that covers a similar portion of the 
animal from which it is taken. 
It is very flexible and loose. 

Bespoke — Shoes made to the in- 
dividual order of a customer. Shoes 
to measure. 

Bevel — The skive or slant of a piece 
of leather. Varied according to the 
thicknesses of the leathers lapped. 

Bevel-toe — The toe of a last which 
bevels or slants considerably. 

Block - fitting' — The method of 
lifting uppers on the block, which 
is shaped like a last. 

Blocking - The process of welting 
leather and pulling to a given shape. 

Boots -Shoes that are cut to cover 
over the ankle-hones. 

Bottom-width — This term is ap- 
plied to the widest part of the last 
in the forepart. They vary 1- 12th 
inch for each size. 

Box-calf — Calfskins dressed by 
chroming, with a rubbed-up marking 
on the grain side. 

Braced - The sewing of the upper 
to the inner sole by an o\ er-and-over 
seam. Resorted to when nails arc 
undesirable. 

Butted — Scraped with a steel scraper 
until smooth. 

Button-fly — The portion with the 
buttonholes cut iu oua button boot. 

Butts -The section of the hide that 
adjoins the lower end of the back- 
bone. Considered the best portion 
of the hide. 


CALF - KID — A dull-faced, soft 
supple leather, tanned by alum, etc. 
l» easily softened by soaking. 

Calf-patent — Calf skins stretched, and 
enamelled on the flesh side with an 
elastic, varnish. 

Cement — A term used to describe 
the solution made by dissolving 
virgin rubber in naphtha. Used in 
shoe-work for export trade to pre- 
vent germination. 

cni ome-calf— The skins of calves 
dressed by the mineral chrome pro- 
cess. Distinguished by the green 
appearance in cut section. 

tucker — A person who cuts up 
upper leather. 

Closer- -The person wuo tits together 
and stitches the uppers of shoes. 

^ 0 S *P art of putting together 
aud stitching the various parts of 
*hoe uppers. 


Comb— The ridge on the top of 
the instep of a last which extends 
backwards to the heel portion. 

Comb-lasts— -Lasts made all in 
one piece without the usual sectional 
piece are termed “ comb ” lasts. 
They are usually smaller than re- 
quired, to allow of a piece of leather 
being inserted. 

Corlum— The true skin. The portion 
which forms the pelt and is used to 
make leather. 

Counter— The stiffener used at the 
hack of a hoot or shoe, and com- 
posed of various materials, such as 
leather, cardboard, pulp, and canvas. 

Currying: — Ihe infusing of leathers 
with greases and waxes. 

DEAD-WAI8T8 — The waists of lasts 
that are flat. 

Depilatlon — Removing tin* hail from 
the skin previous to tanning. 

Derbies —The shape of boot, with 
an outside quarter cut to a point 
which is placed over the vamp. 
Jt is the shape largely used for 
shooting-boots. 

Dextrin — Otherwise called British 
gum. Used for sticking together 
greasy leathers. Not much used 
for lighter varieties owing to its 
stiffening properties. 

Draft— Is a property imparted in 
footgear, the result, of pulling the 
upper in given directions. It tends 
to counteract the spreading of 
sIioch caused by the intermittent 
pressure transmitted during usage. 

Drafting -The alteration of the 
curve of a portion of a hoot with 
the object of ensuring a tension at 
that part to oppose any strain put 
upon it during wear. 

Draft-plan — The outline of the 
foot, that is made by pencilling 
round it with an upright pencil. 

Drop-feed — The feed of a sewing- 
machine which, after it has moved 
forward the fequisite amount, 
lowers itself on its return. 

Drop-waists The waist, of lusts that 
are arched are termed" drop-waists.’* 

FACINGS— 1 Tlu* inside strip of 
leather placed under or over the 
edge of the boot where the eyelets 
are placed. It is used to give support 
to the strain caused iu lacing. 

Feather — The reduction of the edge 
of an iusole to prevent it curling or 
hurting the wearer’s loot. 

Finishing -The process of Uniting, 
rasping, sand-papering, inking, iron- 
ing, aud burnishing the edges and 
bottoms of boots. 

Fittings -"The inside portions of the 
hoot, such as top-bands, facings, 
straps, aud linings are termed 
“ fittings.” The word is also used to 
express the different widths of a 
given size. 

Flesh -The under portion of leather — 
that which comes near the ** tiesli ” 
of the animal, is distinguished by 
its rough appearance. 

Fleshing - The process of removing 
the bits of flesh from the back oi 
the skin before tanning. 

Forme This term is applied to a 
shape which is sufficient to cover 
one side of the upper portion of a 
last. Tt is in shape like a last, and 
is from the French forme— a last. 

GARIBALDI-- The shape of the 
front portion of a boot that consists 
of a fancy strap made continuous 
with the vamp. Largely iu vogue 
in elastic-sided bouts. 

Glove-kid — Skills usually from the 
kid, but sometimes from the lamb, 
dressed by the tawing process. They 
are soft and supple, hut- easily wetted. 

Golosh— The name of the wholc-cut 
vamp. An over- shoe. 


Grain — The name given to the 

top portion of the leather, that 
which comes nearest to the 
epidermis of the reul skin. Also used 
to signify a smooth leather well 
stuffed with grease. 

Growth-marks — The technical name 
given to the shiny lines found on the 
shoulder portions of many skins. 

HAND-SEWN— The method ot hot- 
honing that consists of a welt sewn in 
with the upper to the insole. After- 
wards the sole is stitched to the welt. 

Heel-measure The distance round 
the foot at the sharp bend in the 
front round the heel portion. 

Heel-plate — The name given to 
the metal plate found on the seat 
of some lasts. It enables the heels 
to he nailed on, the metal plate 
'Clinching the nails. 

Hides Skins taken from the 
backs of the larger animals, such as 
oxen or imtfalo. 

Hinged Lasts — When the last is sawn 
in two to make it easy of with- 
drawal ami insertion in a boot, and 
the parts are hinged together, they 
are known as hinged lusts. 

Horsing— The raising or lowering 
of the upper at the seat when 
pulling it over the toe of the last, 
fpr lasting It increases the tension 
from seat to toe. 

INSOLE-8HAPE — The design cut 
to fit the bottom shape of the last. 

JOCKEYS- A long boot cut with 
a tongue and seamed hack. Has a 
coloured top leather. 

Joint-line The position in a pattern 
where the joint measure in taken. 

KANGAROO — The skin makes a 
very fine, light, and tough leather. 
It is dressed in various ways, such 
as tanned with gamhicr, tanned with 
alum, into dull leather and glazed 
like glaces. It is also enamelled. 

Kips — The skins of small animals 
not fully developed arc termed 
kips. There is much speculation as 
to it* exact meaning in this direction. 
If is also used to signify skins of 
chamois. 

Knifing— Shaping the edges of boots 
to prepare them tor the burnishing 
process. 

LANGTRIES -A design of shoe with 
u rounded latchet trout. 

Laster -The workman who pulls 
the upper to the last, and thus 
imparts the requisite shape. 

Last-fitter — The man who takes a 
stock-shaped last and leathers it up. 
to suit, individual requirements. 

Lasts- These are models designed 
to jepresent the mean action of the 
foot s motion for a particular pur 
pose, over which the shoe is made. 
Sometimes said to be models of tin* 
human feet. 

Last-spring— If the toe of the 
last rises or curves upward from the 
table, this elevation is termed 
“ spring.” it varies with the stout- 
ness or lightness of the boot as well 
a* the g.ut of the person tor whom 
the last is intended. 

Latchet —The tali of the front 
portion of the quarter of a Derby or 
tie-shoe. 

Leg position— The relation of the 
leg imrtion of the boot to that part 
which clothes the foot proper. 
May be either forward or backward 
leg position. 

Levants— Is a term used to classify 
leather w ith a pebbly grain, originally 
from the Levant. Often used to 
denote an artificial printed leather. 

Lift -see liftinj. 
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Lifting — The pieces of leather used 
to build up a heel are termed lifting. 
The bottom lift near the ground is 
railed a top piece. 

Ligaments— frauds of fibres that knit 
together various portions of the foot. 

Line of contact -The place on the 
bottom of the last, which touches 
the ground when the last is placed 
in its right position for the kind of 
heel required. It is important, in 
determining the shupe and propor- 
tion of a last . 

Lines Of tightness -The directions 
in which the skin pulls tight when 
subjected to u pulling strain. The 
observance of them in cutting and 
making footwear is important. 

Liming— file process of steeping 
skins in lime-water to loosen the 
hair and outside skin. 

Long-heel - The measurement of 
the foot from top of instep to the 
lieel portion. 

Long-work — Is a term given to 
boots that, are cut. higher than short 
hoots, and reach to the calf or 
higher. 

MACHINE - SEWN- This is also 
known as Make «*r McKay sewn. It is 
a chain-stitch that, goes right 
through tin* sole, middle sole, upper 
and insole in a vertical manner. 
The majority of factory hoots arc 
made on this principle. 

Machine-welted A boot made 
on the same principle as hand- 
sewn, but the welt and sole are. 
machine-sewn and stitched re- 
spectively. Know'll also as Goodyear 
welted. 

Memel calf— A skin dressed on 
the grain side and hoarded to give a 
very line, pleasing grain. Much used 
in Scotland. 

Mineral tanned- Tanning performed 
by chemicals in contrast to vegetable 
tanning. Chrome leather is a sample 

OFFAL- -The portion of the hide 
that is inferior in quality, as the 
bellies, chucks, and faces. 

Ooze-calf - A soft, chromed leather 
with a pebbly grain and line, velvety 
back. 

Orthopaedic— A term applied to 
footwear for shoes tit. ted and suitable 
for cripples. 

Oscillating shuttle —A shuttle which 
travels to and fro in a restricted arc 
o» the circle. 

FA8TE-FITTINQ — The process in 
fitting together the various parts 
of au upper by paste prior to its 
niaclnnc-stitching. It comprises 
skiving, turning in, and other 
similar processes. 

Patent— A leather which has an 
enamelled face of shiny varnish is 
termed patent, it is so called owing 
to the irocess of preparing originally 
being a patent. 

Pattern-making The art of de- 
signing and cutting patterns to lasts 
for boots and shoes. They are made 
in paper, cardboard, metal, and card 
with metal-bound edges. 

Pawl — A bent, sector piece of metal 
which engages with the ratchet in a 
sewing-machiue. 

Pedlstat — An instrument for measur- 
ing exactly t He human foot. 

Pegged -Thu method of bottoming 
which uses pegs of wood to fasten 
tin* sole to the upper and insole. 

Peft— The skin after the ej idermis, 
hair, and ilcsh have been removed. 
Tlie, true skin. That portion which 
the tanner converts into leather. 

Pitch— The provision in a last, to 
accommodate the height, of heel. 

Porpoise— The leather from the 
porpoise. Is a very durable and 
tough leather. Used tor shooting- 
boots and lae**s. 


Puff - The thin piece of skived leather 
placed under the toe of the upper to 
keep the toes from Injury. 

Puff-toe - A toe of last that is high 
and round.. 

QUARTER8- The back region of 
a boot or shoe. 

RAW EDGE— When a piece of 
leather is laid over another without 
turning in it is said to he raw edge. 

Reciprocating shuttle— A form of 
shuttle — usually boat-shaped — which 
travels to ami fro in the shuttle-race. 

Riveting — • A process of fastening 
the sides to the inner soles by means 
of brass rivets. Often used in cheap 
repairing. 

Roans -Sheepskins with a grained 
face, used for linings. 

Rotary shuttle— A shuttle which 
rotates completely round in a circle. 
The highest form of high-speed 
mechanism. 

Roundings The name given to 
the poorer parts of leather, throw'll 
out when cutting mi skins. The 
edges or skirting of skins. 

Russct-calf -The calfskin in the 
crust before it has been curried or 
blackened. 

Russia -The name of a brown 
birch or larch dressed calf. Distin- 
guished by its odour, due to birch oil. 

8ANDAL8 — A low form of shoe which 
leaves the foot fairly free. 

Satin-calf — Sometimes also known 
as flat-calf. A calfskin dressed in 
the grain, but finely buffed to a 
smooth face. 

Satin-hide- The split hide of the 
Imlfalo. The grain is bulled or 
scraped, and thus produces a very 
line lace— hence the name. 

Scale A range ol sizes and liftings 
suitable for lasts. 

Scouring The process of removing 
the dirt and smoothing the skins 
preparatory to leather finishing. 

Seat -- The portion of the hoot 
immediately over I lie heel. In hand- 
sewn work the seats are either 
pegged or sewn. 

Second-lasted— After a turn-shoe 
is sewn it is turned and then placed 
again on the last. This is termed 
second-laming, as it impaits the 
shape of the last to the upper. 

Sectional Lasts - Lasts made in 
several pieces to facilitate the with- 
drawal from the boot after it is 
made are termed sectional or easy 
exit lasts. Several forms are revered 
by patents. 

Sew-rounds -The process of making 
Rimes inside out. Tim inseam is 
placed all round the sole and upper. 
See also turn-shoe. 

Shanks— The portions of leather 
that cover the hind-legs of the animal 
from which the skin is I akin. Also 
the waist or narrowest part of the 
sole of the boot.. 

Shoes — Shoes that are cut below 
the ankle-hones. 

Shoulder — That portion taken front 
the shoulder of a skin. Is usually 
tine and tough. 

Shover — A leather fitting made 
to go down the fiont of the last, to 
increase its measurement. 

Side- lace A boot to lace at die 
side instead of in front. A very 
comfortable, form of boot. 

Side-spring — A boot cut with elastic 
gussets at each side. 

Size-stick -An instrument. us^d 
foi measuring lengths of feet and 
lasts. One size equals one-third 
of an ineh. 

Skins — The names of hides taken from 
the backs of the smaller animals. 

Skived— The bevelling or reducing 
of the edges of leather to allow one 
portion to lap over another. 


Slabs— Under-splits of leathers cut 
iu to two or more sections. 

Slack-thread — The tliread paid out 
through the eye of a machine needle 
to allow the shuttle to pass through. 

Slipper-lasts — Slipper-lasts arc shaped 
more like the foot in a position of 
rest, and are used to make .low- 
heeled shoes— such as slippers. 

Sole-shapes— Tills is the term given 
for the shape used to make tin; 
bottom portion of the last. It corre- 
sponds to the insole shape. 

Sole-area— That portion of the 
foot which, If coloured with a dye, 
would make an impression cm paper. 

Specials— A term used to designate 
bespoke or custom work 

Split — The name given to the flesh 
portion of a split hide. If waxed, 
known as waxed splits. 

Shoemaker's Paste — Made from Hour 
usually rye fermented to produce 
smoothness, (ilue is often added io 
give body. An excellent paste ior 
sticking. 

Standard — The first pattern cut 
for uppers. It, is usuall> size l 
for ladies, and size 8 for men. 
Other sizes are made from the 
standards. 

Stiffener -see counter. 

Straights —The form of last whHi 
determines boots with both sidi ^ 
alike. A symmetrical last. 

Stretch -When a piece of Icatlrr 
is subjected to pulling and it gives - 
this giving is termed ntretih. 
Stretch vuiies in di If emit portions 
ol the skin, and is iulluenml by 
tanning. 

Stuffing — The art of forcing fats 
and waxes into leather during 
currying, either by hand or drum. 

TANNIN — The astringent property 
found in most vegetable products, 
chiefly extracted from barks and 
seed-pods. 

Tawing —The process of preserving 
skins by treating them with alum 
and salt. The skins so produced me 
soft and stretchy. 

Tension The strains set up in 
leather during lasting. The pull put 
oil a thread in a sewing-machine. 

Tongue -The atrip— single nr double - 
of leather found under the eyelets 
in a lace boot. 

Top-bands -The pieces of leather 
found inside the top edge of boots. 

Trimmers -A short, blade inserted 
vertically close to the needle which 
trims the material at the same time 
as it is closed. 

Turning-in — The edge of le.ath'i' 
folded under so as to show a smooth, 
rounded edge. 

Turn -shoe — A shoe that iR made 
inside out with an insole, and aftrr- 
wards turned. The most flexible 
form of making shoes. 
UNDERLAY8 — The portion of leather 
that goes under the lap of a seam. 

Uppers Also called "tops.” Tie- 
portion of the boot that covers tie* 
upper surface of the foot. 

VAMP— The front portion of the shoe. 

WAX-CALF— The skin of the cal' 
tanned, curried and blackened "< 
the flesh side. 

Wellingtons— A long hoot wifi 
aide-seams from top to bottom. 

Welted- The process of bottomm- 
shoes, using a welt as an in t< 
mediary for attaching the sole. 

Wheel-feed— -The feed of a sewing- 
machine formed by a serrated pen* 
phery of a wheel. , . 

White whale — A leather often sol . 
as, but inferior to, porpoise. 

Wing— The portion of the vamc 
or front of the boot width inns into 
the waist or shank. Also applied to ■- 
form of toscap that has long sides. 
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ITALIAN c, '“™ By Francesco de Feo 


CONJUNCTIONS Kxkiuisk Ul. 


CONJUNCTIONS fire used to indicate a relation 
^ between two propos it ions, a s : .1/ to fruit Ho srri rv 
rite sard a Londra fra quale hr qiorno , .My brother 
writes that he will be in London in a tew flays: 
Pirtr n c Carlo letjtjono {Pietro letjqr. v Carlo It (far), 
IVtor and Charles are reading. 

Conjunctions are invariable, and are either sanjde 
or COWfKUtUil. 

{a) Simple conjunctions are: 

r (before a vowel, also cd), and 
tie {n eh), nor 

o (before a vowel, also od), or 
rhr ( I'ch ), that 
ma {malt), but 

ami ( ahii-thtt ), on the contrary 
se. (*//), if, whether 

fluuffur (dobn-koouh), then, so, therefore 


I. Mio fratello e min sorella sono arrivati oggi 
da Parigi. 2. Perehe non siete venuti alia stazione V 
X Fere he non abbiamo potato trovnre uua carro/.za. 
4. Non se ne vada ; aspetti ehe jo ritorni. f>. 
Se mio padre me lo permettesse, verrei volentieri. 
f». II mio orolbgio eosta il doppio del tuo ; eioe 
e.entoventi lire. 7. Ho dimenticato di premiere 
il biglietto, pereio non son potato out rare. 8. Io 
vi andrei, se avessi tempo e danaro. 0. Vi lio 
ehiainato due volte, ma non mi a veto risposto. 
10. Kgli non si e mai data la pen a di restituirmi 
il danaro cbe mi de\e, sebbene gliclo abbia chiesto 
diverse volte. II. Cli ho mandato una lettera 
lacromandata, cost non potra dire ehe non l’ha 
ricevuta. 12. Se foste arrixato prima, sarebbe 
stato molto mcglin. 

Kskucikto di l.K/m i:\ — continued 


(h) Compound conjunctions are: 
oppnre (opfttuj-reh) \ 

. ttssia {osuc'-ah) ; or 

o evert t (ovvrhrtt) * 

ef tjtttre (t It pfHtd-rch), and yet 
' hhtiic (ehhbeh-neh). well 
stbbrne (st h-bbeh-nch), although 
perrhr, why. because 
tlttcrh *\ since 
poiehK as 

purr hr , provided that 
/nr quanto, however 
tf i nut ni* rtt rhr, so that 
ttf/inrhr , in order that 
etc., etc. 

As to their meaning, conjunction^ are divided 
mio roatrdi native and stthordi native. 

The co ordinative may be divided into • 

1. Copulative: e. and : (incite , also, too: aurora, 
yci, still ; n» mint no, neppurr, not e\cn, etc. 

2. Disjunctive: o, ovvero, ojtpnre, osxia, or; 
o pinttosto, or rather ; etc. 

*J. Adversative: ma. but: tnttavia, however: 
pun, yet: ami, on the contrary: d’a/fra parte, 
on the other hand. etc. 

4. Declarative: civ, that : cior, that i.s : vale 
a dire, e quanto dire, that is to say, etc. 

0. Coilsccut ivc : dttnqne, so; perdu, qnindi, 
therefore ; per ronsrqnenza, consequently, etc. 

The snbordinativc conjunctions may he divided 
into : 

1. Relative: ehe, that: come, ns, etc. 

2. Temporal : doporhe, after : dareh since, etc. 
Causal : perrhr , because ; poirhr, tjiarrht. 

>iilce. 

4. Coneessive: benr.hr. quttnhtnque, stbbttte, 
though, although: fur quanto, however, etc. 

Conditional : *•, if, whether : qttalora, if ever: 
purchr, provided that : supposto rhr, supposing 
that, etc. 

b. Consecutive : di modo rhr, so that: tanto 
rht , so much so, that, ete. 

7. Final : afjtnchr , arriocchi, in order that, ete. 


\1 movers! di don Rodrigo, il nostro fratc gli 
s’ era messo (lav anti, ma eon gran rispetto ; e. 
nlzate 1c inani, come per supplicate c per trattenerlo 
a un punto, 1 rispo^e anchra : “ la mi pro me, e 
vero,” ma non pin di lei : son due anime ehe, 
buna e l’altra. : ‘ mi premon pin del mio sangue. 
Don Rodrigo! io non posso far altro per lei, che 
pregar Dio : ma lo faro ben di cuore. Non mi dica 
di no: non voglia toner noil' nngbscia c nel terrore una 
pbvera innocent e. Cna parola di lei pub far tutto." 

“ Fbbene,*’ flisse don Rodrigo, “ giacehe lei 
crede oh’ if) possa far molto per questa persona, 
giacche ipiesta persona Je sta tanto a cuore* . . .” 

“ Kbbene 'i " riprese ansiosamente il padre 
(Yistbforo, al quale l'atto c il contegno di don 
Rodrigo non pennettf' \ ano d'abbandouarsi alia 
speranza cbe parevano anmmziare quelle parole. 

“ Kbbene, la oonmgli di \eiiire a metlersi sotto 
la mia pn)te/.if>ne. Non lc manchoru piu nulla, 
c nessuno ardiru d* inquiet aria, o ch’ io non son 
ca\aliere” s -eontinuefl. 

NoTKS. 1. at the same time: 2. she interests 
me much, it is true: .‘». both: 1. is so dear to 
you: b. ns surely as I am a gentleman. 

IRREGULAR VERBS 
Second Conjugation — emit inued 
Verbs in ere (Miort) -continued 

Scuotere, to shake 
]*ttst 1 )• f. — Srossi, scow, .srds'.xf ro. 

J*ast Part. — S rosso. 

Sedurre (srducerc). to seduce |*ee addnrrv, 
page ,7082} 

Sommergere, b> sink 

Past. Def. — Sonnnrrsi, stun liters . sonimirsirtt. 

/ *a d Pa rt. — So tn nt rrso. 

Conjugate like somno'rtp re : tmntprr, to emerge. 

Sorgere, to rise 

Past th f. — Sorsi , norsc, s6rsi.ro. 

Past Pa rt. — Sorto. 

Conjugate like s6yq, re ; ri*6rqen\ to rise again; 
ittsorqt re, to rebel. 


Id g 
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Spargere, to disperse 
Past Def. — Sparsi , sparse, spdrsero . 

Fa.sf Part. — -Sparso. 

Conjugate like spdrgere : cospdrgere , to sprinkle. 

Spegnere ( spengere ), to extinguish 
Ind. Pres. — Sperigo, spegni, spegne, spuiyinmo , 
spegnete, sphujnno. 

Past Def. — Spensi , spense, sphisrro. 

Past Part. — S pen to. 

Spingere, to push 
Past l)ef. — Spinsi , * pi use, spin si ro. 

Past Part. — S pinto. 

Conjugate like spingere ; respingire , to push 
back ; sosplnycre, to press on. 

Sporgere, to stand out 
Past Dej. — S/Krrsi, s poise, spdrsero. 

Past Part. — S porta. 

Stringer©, to tie tight 
Past Del. — Strinsi , st rinse, st rinse ro. 

Past Part.—Stretfo. 

Note here the expression stringersi la mano , to 
shake hands. 

Conjugate like strhujerc : ridringrre, to restrain : 
cost ring ere, to constrain. 

Struggere, to dissolve ; Struggersi, to melt 
a way 

Past. Dej. — Strussi , strut sc, striistcro. 

Past Part. — Strut to. 

Conjugate like struggere : di struggere, to destroy. 

Sveilere (poet, seem-), to root up 
hid. Pres. — S vcllo (svilgo), set Hi, s relic , snlliamo, 
svelletc, svellono and sviigono. 

Past Def. — Svelsi, srel/esti, srelse , etc ; sn'fsero. 
Past Part. — Svelto. 

Tergere, to wipe 
Past Def. — Tersi, terse , terseTO. 

Past Part. — Tersn. 

Tingere, to dye 
Past Def. — Tinsi, tinse, tinscro. 

Past Part. — Tin to. 

Togliere (tone), to take off 
hul. Pres, — Toglo , togfi, togfie, togliamo , taglide, 
tdfgnno. 

Past Def. — Tolsi , false, tolscro. 

Future — Toglierd , toglierai, etc., and torrd, tonal , 
«*te. 

hnperat. — Tog l i, tolga, togliamo , togfiete, tdfgano. 
Subj. Pres. — Tolga, tolga, tolga, togliamo , togliate, 
tdfgano. 

Condit. — Toglierei, toglierexti, etc., and torrei , 
torresti, etc. 

Past Part. — Tolto. 

Torcere, to twist 
Past Def. — Torsi, torse, torsero. 

Past Part.- -Tor to. 

Tradurre (tradneere). to translate [see addiirre, 
page 5082] 

Trarre (old form : trdere), to draw 
hid. Pres. — Traggn , trai, trae ( traggiamo ), trade, 
triiggono. 

Past Def . — Trassi , traesti, trasst , traemmo, trae.sk, 
trdssero. 

Future — Trarrd, trarrai, trarrd , etc. 
hnperat. — Trai, tragga ( traiamo ), trade, trdggano . 
Subj. Pres. — Tragga, traggn , tragga ( tragghiamo ) 
(tragghiate), trdggano. 

Subj. Jmperf. — Traessi, etc. 

Past Part. — Truth. 

Conjugate like trarre ; contrdrre, to contract; 
deirdrre, to detract ; attrdrre, to attract ; sot trarre, 
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to subtract ; ritrdrre , to draw out ; protrdrre, to 
protract ; disirdrre, to distract. 

Ungere, to anoint 

Past Def . — TJnsi, vnsr , iinsero. 

Past Part. — Unto. 

Vincere, to vanquish 

Past Def. — Vinsi, rinse, vinsero. 

Past Part . — Vinto. 

Conjugate like rineere : convinccre , to convince. 

Vivere, to live 

Past Def. — Yissi, risse, vissero. 

Future. — I'ivro, eivrai, etc. 

Condit. — Vitrei, virresti, etc. 

Past Part . — Yissuto (viruto). 

Conjugate like vircre ; soprawivere , to survive; 
rivieere, to live again ; rou vircre, to live together. 

Volgere, to turn 

Past Def. — Yofsi, raise, rohero. 

Past Part . — Yd/to. 

Conjugate like volgere ; rivdlgcre, to turn ; 
rivdlgersi, to apply ; scon volgere, to overturn; 
svolgere , to display, to unfold ; involgere, to wrap 
iij), to infold ; travdlgire, to confuse, to roll over. 

Exercise L1II. 

1. Date mi un ffanimifero, per pin cere ; il mio 
sigaro si e spento. 2. Non laseiate spegnere il 
fuoco, jierehe ritorneremo a casa presto. 3. 11 
nemieo 6 stato respinto, mil con gravi perditc 
dei nostri. 4. Sono eonvinto ehc le cosc stanno 
come lei dice. 5. Le daro un interessantissimo 
roman/.o tradotto dall'inglese. 0. Che eosa mi 
eonsiglia, di tradurre dalTitaliano in inglese o 
dall’inglese in italiano ? 7. Esso si conobbero 

tre anni fa. a Firenze, e da 11' ora in poi (since then) 
sono sempre vissute insieme. 8. L’affare pareva 
quasi eoneluso, ina airultim’ora sono sorto tali e 
tante difticolta, da togliermi ogni speranza. 
Questa 6 una bella oeeasione per lui, vedremo se 
questa volta sapra trarne profitto. 10. Egli e 
andato in America, attrattovi dalla speranza di 
gran guadagni. 11. Quel mio amieo ehe rinse! a 
vineere una iimnensa fort una a Monte-Carlo ha 
iinito |K*r jierdere lino all' ultimo soldo. 12. “ Questa 
e la favola ” disse il veeehio, scotendo il capo, 
” tract one voi la morale.” 

Conversazione 

Abbia pazienza, signore ; due minuti e sono a 
huh disposizione. 

Non posso aspettare di pin (any longer), perche sono 
gin. in ritardo (I’un quarto d’ora. 

Perche non me lo ha detto )»rima ? 

Me n’ero d intent ioa to. 

Se incontro il suo amieo, cosa devo dirgli ? 

Gli diea ehe ha torto di essere in collera con iuc. 

Quanta gonto ! non credo ehc ei sara posto. 

11 teatro £ abbastanza grande, c’d posto per 
tut ti. 

E suo fratello, perche non d venuto con lei ? 

Perche aveva quulehe cosa da fare, ma vena 
piu tardi. 

Ilcsterii a cena (supper) con noi dopo lo spettacolo. 

Con piacere. 

Buona sera, signore ; e grkzie della bella com- 
pagnia. 

Key to Exercise LI. 

1. After only two hours’ fighting, the enemy 
was completely defeated. 2. The train from 
Paris has arrived forty minutes late. 3. The two 
sides of the river are joined by a wooden bridge. 



4. Mr. B. has been elected a member of Parlia- 
ment with eight hundred votes out of a thousand. 

5. Where have you put my portrait ? 0. You 

look as if you had been crying. What has 
happened ? 7. I never should have supposed 

FRENCH 

ADJECTIVES 

I. Agreement of Adjectives 

1. The adjective agrees in gender and number 
with the noun or pronoun to which it refers : Lv* 
beaux arbres, the beautiful trees : les belle* flairs , 
the beautiful flowers. 

2. You* very frequently and nous sometimes refer 
to one person only, and in that ease adjectives in 
agreement with them must be in the singular: You* 
ite* oblige de m pas limner inourir un camarade 
san* secaurs, You are obliged not to allow a comrade 
to die without help. 

3. When an adjective refers to more than one 
noun, it must he in the plural number : Le roi et le. 
burger sont egaux a pres la mart , The king and the 
shepherd are equal after death. 

4. If the nouns are of different gender the adjec- 
1 ive must be masculine and plural : Chaeun iravailfait 
commc nil avait sa vie et son bonheur attaches an 
site ces, Each one worked as if he had his life and 
h is happiness depending on success. 

5. When an adjective referring to nouns of differ- 
ent gender has different endings for masculine and 
feminine, the masculine noun should he placed 
immediately before the adjective : Cette dame c*t 
mise (tree une elegance et un gout par fa its. That lady 
is dressed with perfect elegance and taste. There 
would he a harshness of sound if the feminine 
noun elegance and the masculine adjective par fait* 
were brought close together. 

(». An adjective though placed after several 
nouns, agrees with the last of them only if (a) they 
arc practically synonymous ; (b) if they form a 

climax ; or (c) if the last of them sums up all the 
‘•fliers: V angle fend les airs awe tnie vigueur , une 
i it esse, une rapidile prodig ie use. The eagle cleaves 
the air with prodigious vigour, speed, and rapidity. 
In a construction of this kind, the use of tin* 

‘ (injunction et should he avoided. 

7. An adjective occurring after two nouns joined 
by on must be singular or plural, according as it is 
intended to qualify only the latter, or both of 
them : Les eolonnes des maisons sc construisent. en 
fer on en pierre tres dure , The pillars of houses are 
made of iron or of very hard stone. Les La pan* se 
nourrissent de chair ou de poisson crus. The Lap- 
landers feed on raw flesh or raw fish, 

8. When an adjoedive conics after two nouns 
joined by ainsi que, de mime qne, commc* as, aus*i 
bien que, as well as, jjlutot que, rather than, non 
id us que , no more than, it agrees with the first only : 
[j(l panther e t commc le lion, est mrnassiere, the 
panther, like the lion, is carnivorous. 

0. .Strictly speaking, adjectives cannot influence 
a noun, and it is not correct to say les langne * 
( <nglaise. et frangaise , the French and English 
languages. We should say, cither, la langne 
anglaise et la langue frangaise, or, la langne anglaise 
et la frangaise. Many writers, however, have pre- 
ferred the construction which, if not absolutely 
grammatical, is more concise without being in any 
" ambiguous. 


LANGUAGES— FRENCH 

such a thing. 8. [f you have read the hook I lent 
you, return it to me. 9. I bet that this time 
you will lose. 10. I have promised my father to he 
more diligent, and he has permitted me to go out. 
Vaulin ned 


By Louis A. Barbe, B.A. 

10. When avoir Fair means kt to have an air,” 
the adjective agrees with air: Cettt dame a Fair fit r 
el hautain, eependant die est tres affable et tres 
pre minute. That lady has a proud and haughty air, 
nevertheless she is very affable and very obliging. 
But when the meaning of avoir Fair is “ to seem,” 
“ to appear,” the adjective agrees with the subject 
of the verb : Cette dame « Fair bien mafhenrense. 
That lady seems very unhappy. When avoir Fair 
is used in connection with inanimate objects the 
adjective always agrees with the subject of the 
verb: Cette uiaison a Fair solidnmnt eonstruite. 
That house look* strongly built. 

11. The adjective vu , bare, naked, agrees with 
the noun if it comes after it. When it comes before 
it, it is joined to it by a hyphen and remains 
invariable: THogene marc ha it plat* nus et eouchait 
dans un tonneau, Diogenes walked hare-footed and 
slept, in a tub. Les mendiants rout n u- pi cds et les 
courtisans tni-trte. Beggars go about barC-footed 
and courtiers bare-headed. 

12. When demi (half) precedes a noun, and is 
joined to it by a hyphen, it is always invariable. 
If it follows a noun, it agrees with it in gender, but 
is always in the singular number: On ne gonrrrne 
pas une nation ane des derni-mesures , A nation is 
not governed with half measures. La stance a duri 
deux h cures et demie. The sitting lasted two hours 
anti a. half. 

13. Feu (late) agrees with the noun if it immedi- 
ately precedes it, but remains invariable if it is 
separated from it by an article or a possessive. It is 
also invariable before a proper noun: I ’of re ft lie 
mere, eliiit aimee et est i nice de fans eenx qui la 
rminaissaient, Your late mother was loved and 
respected by all who knew her. Feu votre tantr et 
moi naqnimes le mane jour , Your Into aunt and I 
were horn on the same day. 

14. Franc, in the expression franc de jiort (post- 
paid, carriage paid), agrees with the noun which 
precedes it. It remains invariable when tin* 
expression precedes the noun : Low* rcreirez fra nr 
de. iKirt toutes les lettres que je vans adresserai, You 
will receive post-paid all the letters T shall address 
to you (send you). Ces lettres sont f ranches de por/, 
Those letters arc prepaid. 

ir>. In the expression se fnire fort (to undertake), 
fort is always invariable : Ces dames se font fort 
d'obtcnir le eonsentement de leurs man's. Those 
ladies undertake to obtain the consent of their 
husbands. 

lb. Compound adjectives consisting of "two adjec- 
tives or of an adjective and a past participle, require 
both their components to agree with the qualified 
noun : des pommvs aigres-douces, sourish apples. 

17. In the compounds mort-ne (still-born), nou- 
veau-ne (new-born), and court -vetu (short -coated), 
the first of the two components is always invariable: 
des enfants nouveau -nh, new-born infants. 

15. In the compound frais-cneilli (freshly- 
gathered), both components agree with the qualified 
noun : des flevrs fmiches-cueill ies, freshly-gathered 
flowers. 
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19. Nouns used as adjcetives of colour are 
usually invariable, such as ptiillc. (straw-eoJour<*d), 
noisette (hazel-coloured), etc. But, rose (pink), 
cramoisi (crimson), pourprc, (purple), and ecarlate 
(scarlet) arc dealt with as adjectives : des chapeaux 
roses , pink bonnets. 

20. When colour is expressed by a combination 
of two adjectives, both of them remain invariable : 
Kile a fes chereux chdtnin clnir d les yeux hleu 
fond, She has light auburn hair and dark blue 
eyes. 

II. Comparison of Adjectives 

1. The comparatives of equality, of superiority, 
and of inferiority arc respectively formed by means 
of anssi . . . que, plus . . . que, and mains . . . 
7 ue : 11 est anssi modeste que radiant. He is as modest 
as lie is brave : Les remedcs sonl pi us tents que les 
wau.r , Remedies are slower than diseases : La Seine 
est mains large que Ir 1th in. The Seine is less broad 
than the Rhine. 

2. In negative sentences anssi may be replaced 
by si : Le fils n est /sis si grand que le pere , The son 
is not so tall as the father. 

3. Sometimes anssi or si is omitted, and in that 

ease com me is used instead of que : 11 est enfete 

com me nn mulct , He is as stubborn as a mule. 

4. When the comparison is between two infinitives, 
the first of them is preceded by either d or de , and 
the same proposition is repeated after que : If est 
plus facile de donner des cnnseils que de les suirre , It 
is easier to give adviee than to follow it ; Je suis 
fdus dispose d le / ilaindre qu'n. le hldmer , I am more 
inclined to pity him than to blame him. 

5. When the second part of a comparison of 
superiority or of inferiority is followed bv a verb 
in ft finite tense, that verb takes nc before* it unless 
it bo preceded by a negative verb: Les sciences et 
les arts soul jtlus cuf tires a ujonrd'hui qu' its nc rant 
jamais etc. The sciences ami the arts are more culti- 
vated now than they have ever been; A pres 
C invention de la pond re, les batailles derinrent luatt- 
coup moim sanglanies qu' tiles ne lava tent etc, 
anjxtravant , After the invention of gunpowder, 
battles became much less sanguinary than they had 
previously been. 

ti. “ More and more ” is expressed by de jdus 
en ftlus , and “less and less” by de mains en mains : 
ll derient tans les jours de pin* en plus exigrant ; 
il est de mains en mains facile d contenter, He is 
becoming more and more exacting every day ; lie 
is less and less easy to satisfy. 

7. ” All the more ” is translated by d'autant plus : 
Ce contretemps eta it d'autant jdns fdchcnx quit 
nous faisait manquerla eorrcspondancc , This untoward 
accident was all the more disagreeable that it made 
us miss the connect ion. 

8. The definite article which forms a pari of the 
superlative agrees with the qualified noun when the 
superlative is relative, that is, when it implies a 
comparison with other jiersons or things: Le 
dhespoir est 1c pire de tons les wanx. Despair is the 
worst of all evils. 

9. When there is no comparison with other persons 
or things, hut only of the various stages of the same 
quality in the same person or thing, the article is 
always le : Lax lime, nest }xis anssi cloignee de la 
terra que le soled, iors mime qu'efle en est le jdns 
ehignee, The moon is not so far distant from the 
earth as is the sun, even when she is most distant 
from it. 

It is to be noted that this distinction between 
the relative supe-lative and the absolute supcrlitive 
is indicated in English by the use or the omission of 
the art cle “ the.” 
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III. Position of Adjectives 

1. When one noun is qualified by two or more 
adjectives, each of them follows its own mile t (as 
given on page 1339) in regard to position: Voild une 
jolie petite maison , There is a pretty little house ; 
une petite maison blanche , a little white house. 

2. If the adjectives are joined by a conjunction 
and one of them regularly follows the noun, then 
both of them must be placed after it: Une belle 
femme , a beautiful woman ; une femme riche , .» 
rich woman ; une femme belle et riche, a woman 
beautiful and rich. 

3. A certain number of adjectives have different 
meanings according as they precede or follow the 
qualified substantive. It will be seen from the 
following list of the most important of them that 
the double meaning is possible in connection with 
special substantives only : 

Ancien: Un ancien (leir, a former pupil; 
Vhistoire ancienne , ancient history. 

Bon : Un bon homme (frequently written 
bonhomme ), a simple man, an old man ; un homme 
bon, a kind, charitable man. 

Brave : Un brave homme, a worthy man ; un 
homme brave , a brave man. 

Certain : Une certaine chose, a certain thing; 
une chose certaine , something about which there is 
no doubt. 

Ciikr: Mon cher ami , mv dear friend; d< s 
oh jets cheat , expensive articles. 

Commit n : La commune voix, the unanimous 
voice; une voix commune, a vulgar voice, an or- 
dinary voice. 

Cruel: Un cruel homme , a disagreeable man, 
a bore ; un homme cruel a cruel, heartless mail. 

Dernier: Le dernier mois de I'annec, the last 
month of the year: la semaine deru iere, last week. 

Different: Different/ s raisons , different (several) 
reasons: dts raisons di/Jln nt< s, different (not tin* 
same) reasons. 

Digne : Une digue fnnmc, a worthy woman ; 
une femme digue , a dignified woman 

Divers: Di verses ptrsannes , divers (.several) 

persons ; des opinions di verses, conflicting opinions 

Fameux : Un auteur fa men, r, a famous author : 
un fameux imbecile , a precious fool. 

Faux: Une fausse clef, a false key; une d<f 
faussc , a wrong key. 

Fier : Un air fier, a proud look; un fur dim r, 
a capital dinner. 

Fort : Une forte femme, a stout woman ; urn- 
femme forte, a strong-minded woman. 

Franc: C'cst nn homme franc, He is a plain- 
spoken man ; C'cst un franc coquin , He is a thorough 
scoundrel. 

Furieux : Un fou furieux, a raving madman; 
un furieux menteur, an awful liar. 

Oalant : Un galant homme, a man of. honour, a 
gentleman ; un homme galant, a courteous man, 
a ladies’ man. 

CJrand : Un grand homme , a great man : un 
homme grand , a tall man, 

Haut : La. haute rner , the high sea; la mu 
haute , the high tide. 

IIonnete : Un honnete homme , an honest man ; 
un homme honnlte , a civil man. 

Jeune : Un jeune homme, a young man; ,<:l 
homme jeune, a man still young. 

Maigre : Un maigre diner, a meagre dinner; 
nn re pas maigre , a lenten me il (without flesh-meat). 

Malhonnete : (Test un malhonnUc homme , Be 
is a dishonest man ; un enfant malhonnfte , a rude, 
uncivil child. 
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Mauvais : 11 a l' air mauvais , He has an evil look ; 
11 a mauvais air, He has a disreputable appearance. 

Mechant: Un mediant poete , a wretched poet, 
a poetaster ; 11 a la mine median te, He has an ill- 
natured, spiteful look. 

Mort: Mortc-eau , neap-tide; can work, 

stagnant water. 

Nouveait : II jiorte un nouvel habit aujounVhni, 
lie is wearing a new (different) coat to-day ; Je 
iiaime. pas lex chapeaux nouvea ux, I don't like the 
new-fashioned hats. 

Parpait : (Test un '{hit fait honnlte homme , He is 
a thorough gentleman ; C'est un acteur par fait. He 
is a perfect actor. 

Pauvre ; C'est un pavvre auteur , He is an author 
of no great merit ; (Test un auteur pa urn 1 . He is 
a needy author. 

Petit : Un petit homme , a man of low stature ; 
un homme petit, a despicable man. 

Plaisant: Un jdaisant indiridu. a ridiculous 
fellow ; un homme plaisant , an amusing man. 

Premier : Nos premiers jtarenfs, our first parents; 
matiere firemicre, raw material. 

Proper : 11 a ecrit ertte leltre dr. sa propre main. 
He has written that letter with his own hand : 
Cel enfant ria jamais les mains pro pit *, That child 
never has clean hands. 

Pur : Uest la pure verite \ It is the plain truth ; 
du rin pur , pure wine (without water). 

Seul: Un soul homme, a single man ; un homme 
sen!, a solitary man. 

Simple; Un simple sofdat, a private ; un homme 
sim/Je, an unpretending man. 

Triste : J'ai fait an triste re pas, 1 have made a 
sorry meal ; 11 a Vair triste , He looks sad. 

Veritable ; (Test un veritable fliau, It is a down- 
right plague: (Test nne histoire veritable , Jt is a 
tin** story. 

Vkai : Un vrai coquin, a thorough knave : f>,.7 
nne histoire vraie que jr eons raconte , 1 1 is a true 
story I am telling you. 

IV. Complement of Adjectives 

Adjectives are frequently followed by a comple- 
ment to which they are joined by a preposition. 
The principal prepositions used for this purpose are 
a* de , v en, envers and pour, 

J. A. The preposition a is commonly used after 
■uljeelives denoting habit, iitness, resemblance, 
comparison, conformity, inclination, advantage, 
utility, necessity, and their opposites. Among 
them are : 

adroit , clever at fort, clever at 

ardent , keen for hardi, hold in 

as*idu, assiduous in im propre, unfit for 

bon , good, fit for uicessnire , necessary for 

react , exact in propre, lit for 

semblabte, similar to 

2. De. The preposition dr is commonly used 
after adjectives denoting separation, cause, origin, 
Kll Pply» satisfaction, want, desire. Among them are : 
ami, friendly to fou, doting on 

utteint, struck by, seized furieux , furious at 
^ with glace , chilled witli 

deliarrasst, free from, rid of heureux , delighted with 
desalt, distressed at inquiet, anxious about 

dnue, endowed with nourri , fed on 

•mprtsse, eager to pare, adorned with 

emiemi, hostile to pourint, provided with 

elant, sparkling witli raid, delighted with 
hche, sorry for stupe fait, amazed at 

fort, relying on, confident triste , sad at 

in 


Ik En. Adjectives denoting proficiency, ihun- 
dance, are frequently followed by en : ahondant, 
abounding in; expert, expert in; riche, rich in. 

4. Pour, Envers. Adjectives denoting feeling, 
behaviour, disposition towards, are followed either 
by pour or by envers : 

(a) Envers : 

affable, affable towards gencreux, generous 

( to) towards 

amical, friendly to indulgent , indulgent 

bon, kind to towards 

charitable, charitable to ingrat, ungrateful towards 
cruel, cruel to in juste , unjust towards 

dur, harsh towards juste, just to (towards) 

(b) Pour : 

affable, affable to indulgent, indulgent lor 

bon, kind to injurieux, insulting to (lor) 

bienrcillant, friendly ru'cessaire, necessary tor 

towards severe, severe to 

commode, convenient for utile, useful for 

PRONOUNS 
Personal Pronouns 

1. Pronouns can take the place of determinate 

nouns only — that is to say, of nouns preceded by an 
article, a possessive, or a demonstrative. It is 
consequently incorrect to say ; 11 nous a fait 

rejumse, et la void, because the pronoun la stands 
for re [same, which is indeterminate. It lias no 
independent value as a substantive, but simply 
helps to make up the locution faire riqionsi - - 
repondre. 

The correct const met ion is: 11 nous a fait jiar- 
renir sa reponse, et la roiei. Ho has forwarded us his 
answer, and here it is. 

2. The relation between pronoun and noun must 
always be expressed in such a way as to leave no 
room for ambiguity. It is consequently incorrect 
to say; J loliere a surpass!: Plante dans tout se qu'il 
a fait de mettle ur. In this sentence it is doubtful 
whether the pronoun it refers to J\ loliere or to Plant * . 
The ambiguity may be removed by saying;. Mohtn 
a surpasse. Plante dans tout *r que celui-ci a fait d> 
me.illeur. Mol i^ re has excelled Plautus in all the best 
that the latter has produced. 

.‘h When the pronoun on occurs several times in 
the same sentence it must always relate to the same 
person; thus, it is correct to say: On nc era ini 
pas Id mort quand on a assez hien vecn jtour n in fxi* 
era i ndre. les suites. One does not fear death when 
one has lived well enough not to fear what follows 
it. But it is incorrect to say : La civilite ixige 
quon t route avec attention cx, qu'on nous dit. 

The first on is evidently equivalent to nous . and 
must he replaced by it: 1m civilite. exige que non* 
ecoutions avec attention ce. quon nous dit , Civility 
requires that we should listen with attention to 
what one says to us. 

4. On, being an indefinite personal pronoun, may 
stand for either the first, the second, or the third 
person, singular or plural. In the following 
quotation from Molicro, on is used for ji : 

Aflez, vo us (les fou dans vos transports jafoux, 

Et ne meritez pas Vamour qu'on a pour tons, 

Co, you arc mad in your tits of jealousy, 

And do not deserve the love which one lias 
(l have) for yon. 

5. The verb of which on is the subject is always 
in the third person singular. Adjectives in agree- 
ment with it are regularly masculine anti singular. 

When it is clear from the context that on refers to 
a feminine subject, the adjective is also feminine : 
On devient forte alors qn'on devienl mere. One 

fit >.">!> 
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(a woman) becomes strong when one (she) becomes 
a mother. 

6. The adjective will also be plural if it is obvious 
that the subject on, though formally singular, is 
essentially plural : tin France, oh cmI to us cgaux 
dcvant la loi. English will not admit of a literal 
translation of this peculiar construction. We must 
say: In France, all are equal before the law. 

7. Lui is both masculine and feminine when it is 
the indirect object or dative of the conjunctive 
form of the personal pronoun : otherwise it is 
exclusively masculine. Thus, Jv fiti ai park means 
both “T have spoken to him” and “ I have spoken 
to her.” But ced a lui que fat park can mean 
only: It is to him I have spoken. 

8. Lui preceded by a preposition refers to persons 
only. When the reference is to inanimate objects. 


y or cn is used. Thus, in speaking of a tree, we 
may not say: Ne montez pas sur lui, but: N'y 
montez pas , Do not climb on it. 

9. The same remarks apply to elle when it is -in 
the disjunctive form. Thus, in speaking of a science 
or of a profession, wc may not say : II s' est ado uni 
a elk, but 11 s'y est adonne. He has devoted him- 
self to it. 

10. With the prepositions a pres, after, avee, with, 
contre, against, of which the meaning cannot be 
expressed by ?/ or en, both lui and die may be used 
with reference to inanimate objects : 

Quand cette riviere (ce jlviive) dehorde, die (il) 
entraine avec die (lui) tout, ce quelle (il) rencontre ; 
die (il) ne laisse rim apres elle (lui), When this river 
overflows, it carries away with it all it meets ; it 
leaves nothing after it. 


Continued 
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By Harald Clegg 


VERBS 

Conditional Mood 

The conditional mood of the verb 
js formed by adding us to the root. 

Example : Mi inis kun vi, sc 
mi povus, 1 would go with you 
if l could ; Mi ne skribus lion, 
sc mi est us vi, I would not write 
that if I were you. 

In the use of the eonditional 
mood there is always present a 
sense of doubt, or an implication 
of denial, which is shown either 
by the actual presence of an “ if” 
(sc) or by an implied condition. 

Example : Cu vi paisas, ke li. 
kr edits turn? Do you think he 
would believe that ? (if lie heard 
it). 

It must not, however, be over- 
looked that redoes not necessarily 
always contain an element of 
doubt. The sentence Se iji 
rstis tid suggests the admission 
of the speaker that, in fact, the 
case was so, but Se <ji edus tid 
implies an assertion that it was 
not so. The correct use of 
Esperanto is always in accord- 
ance w ith the logical meaning of 
a sentence. 

The conditional mood can also 
bo used to moderate the force of 
a statement, thus substituting a 
polite suggestion. 

Example : Mi wins prtroli kun 
vi, I w r ant (should like) to speak 
^ to you (if you are willing) ; Li 
dank us vin por via helpo, He 
would thank you for your help 
(if you would consent to give it). 

NUMERALS 

Multiple Numbers. Mul- 
tiple numbers are formed regu- 
larly from the cardinals by the 
addition of the suftix obi, to 
which, cf course, the characteristic 
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signs of the noun, adjective, and 
adverb may be added. 

Ex a m pi e : U n uobla , single ; 
double , doubly ; triable , three- 
fold, trebly. 

Fractional Numbers. 

Fractional numbers may be con- 
structed from the o udinals by add- 
ing the suffix on, and they may 
be used as nouns, adjectives, or ad- 
verbs by adding the final o, a, or e. 

Examples : Tim mo, a half, 
dekona fxirto, a tenth part ; sep- 
okotioj, seven eighths ; Tri estas la 
eenlona parto de invent , Three is 
one hundredth of three hundred. 

Distributives. Distribut ives 
indicating proportion arc shown by 
placing the preposition po (at the 
rate of) before a cardinal number. 

Example : Oni pagan al soldo - 
toj po unit. SUingo vintage. Soldiers 
are paid at the rate of one shilling 
per day ; Mi vend is la owjn po 
sfs pen co j por kvar, I sold the eggs 
at sixpence for four. 

CONJUNCTIONS 

Duplication. Some of the 
Esperanto conjunctions con- 
veniently lend themselves to the 
process of being duplicated where 
in English we use two distinct 
words, such as neither, nor. 

Example: A it . . . , ait. 
(either . . . or). Vi devas , ail 
silenti, ait form. You must either 
be silent or go away ; Cn . . . cu 
(whether . . . or). Mi eslos Icon - 
tenia vit li terns , cu si, I shall be 
satisfied whether he comes or she ; 
Jen . . . jen (sometimes .... 
sometimes), Jen si kanlas, jen si 
dancas, Sometimes she sings, 
sometimes she dances ; Nek . . . 
nek (neither . . . nor), Mi nek movos, 
nek unu rorton paroles , I will not 
stir, nor speak a word ; J u pli 
. . . des pli (the more . . . the 


more), Ju pli vi liacas des pli m i 
dezirus , The more wo have the 
more we want. 

VOCABULARY 

Eben', even, led, lift, rai<e 

level liter', letter (al- 

egal', equal phahet) 

ekzempl ', ex- hid', play 

ample makul', stain, 

em i nent', cm i - s pot 

nent mejl', mile 

envi', envy mensog', lie 

estim', esteem (subst.) 

favor favour mils', mouse 

firm', firm ord', order, 

ffav', yellow regularity 

fromaif, cheese pad e nc ' , 
frukt ', fruit patience 

glad', ice parenc', relation 

general', general perfekt', perfect 

(adj.) pren', take 

herb', grass pret', ready 

ho ! oli ! proksim ', near, 

insult', abuse, next 

insult prop r', own, 

ja, indeed, in fact one’s own 

jus, just, at the pruv', prove, 

very moment demonstrate 

hip', head pur', pure, 

Idas' , class, sort clean 

fcomun', common rakont', tell, re- 
konrern', con- late 

cern rimark ', remark, 

kondiv', condi- notice 

tion, stipula- sek', dry 

tion son', sound 

krajon', pencil spez', spend 

kuir', cook (elspezo, ex- 

(v. t.) pense ; 

kid', lie (down) enspezo, re- 
leg', law venue) 

Exercise XI. 

If you lied I should despise you. 
The pencil now lies upon the bed, 
where you just put it. Oh, my dear 
brother-in-law, would you insult 
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your own relation ? She is ten 
times richer than you. The more I 
know that the more I envy her. 
He (that one) who would be happy 
ought to have patience. He can 
run seven and five-eighths miles 
in the hour. Every letter in the 
Esperanto alphabet has a separate* 
sound. 1 should approve ; 1 

should, in fact, be perfectly satis- 
lied if you would consent to accept 
t lie advice of my eminent friend. 
Eleven times twelve make one 
hundred and thirty-two, which is 
the fourth part of live hundred 
and twenty-eight. She bought 
three-quartern of a pound of fruit 
and an equal quantity of yellow 
cheese. There is a dirty stain upon 
that book. Would you be ready 
jo meet me if 1 waited half an 
hour ? The ice is firm and level. 
He proved to me that the laws of 
tli is country are just, although ho 
confessed that one needs a lot of 
patience. Last night we went to 


the theatre and there we quickly 
spent all our money. That which 
concerns me is not necessarily 
always your affair. She re- 
lated to me all that I wanted 
to hear. If I read this book 
each day at the rate of fifty 
pages, 1 could send it back to 
you next week. 

Key to Exercise X. 

Kiam vi vidis lin kun tia stranga 
persono, kial vi ne parol is al mi ? 
Kiuj estas la kvar sezonoj de la 
jaro ? Printempo. soniero, autu- 
no, vintm. Tiuj ci viroj, kies kon- 
duton mi malaprobis, subite 
min atakis kvmopc. Kioma 
estas la liodiaiia dato? Cu vi 
povas diveni mian agon ? Kien 
vi gin jet is ? La Atono falis tien. 
Tio cede estas just a. Mi neniani 
renkontis viajn kolegojn pri kiuj 
vi parolas. Kiorn kostas tin ci 
malnova libro ? Larmoj falis 
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unu post la alia cl siaj okuloj, 
kiam si audis la kialon. Mi ne- 
niam povos pardoni al ili iliajn 
kulpojn, aed kiam ilia konduto 
gajnos mian aprobon, tiam mi 
iiin laudos. Mia memoro ciam 
min iom trompas. La hundo, kiu 
laute bojas, neniam mordas. 
Oiuj nacioj progresas ; unuj 
rapide, aliaj malrapidc. La akvo 
tie ci estas iom profunda. Tio 
estas sufica. Ni devas labori por 
gajni tion, kion Iiavi estas necese 
— tio estas, mono. Mi nenit*. 
kaj neniam, parolis tiajn paru- 
lojn. 31 i havus tiom da zorgoj, 
kiom vi. Kial vi ne auskultis 
lin ? Kiam li audis mian vocon, 
li haltis, kaj tiam li ial subite 
kuris en la domon. Mi volas 
sci tion, kion li diris al vi pri 
tiaj publikaj nferoj. Jen estas 
ies ganto. Kies gi estas V 


GREEK 

SECTION I. ACCIDENCE 

Third Declension Nouns— continued 

So far we have dealt only with nouns of this 
declension with mute or liquid stems. We now 
come to those whose stems end in 2 (S), or in 


a vowel or 

diphthong. 


1. Nouns of this declension in ys and os (the 

latter being neuter) are thus declined, con- 

traction faking place 

er thi of the stem 

precedes a 

vowel. 


y rpiypys, trireme ; to ywos, race, slock. 


Singular 


Xom 

rpifipys 

ytros 

1 or. 

rpirjpts 

76*09 

Arc. 

Tpiypy (rpiypta) 

yivos 

Gen. 

Tpv/)pOVS (-eos) 

ylvovs ( to?) 

1 kit. 

Tpvfipa (-ft) 

ylvei (-et) 


Dual 


X., A. 

rpi’bp’i, 

yivy 

Gen., Dat . 

rpaffpoiv 

ye voir 


Plural 


Xom., Foe. 

rpiijpeis (-ee?) 

yivy (ylvta) 

. 1 re. 

rpi'tjpfis (-eas) 

yivy 

Gen. 

rpe/ipwv 

yevwv or yevetor 

Dat. 

Tpvfjpeffi 

ylveai 


Like Tpufipyt decline wfewparijs, Socrates ; and 
^ypoadtpys, Demosthenes (in the singular only). 
Like yfros decline rb k&\\ os, beauty ; to 6pos, 
mountain ; and rb Bipos, summer. 

2. Nouns in is, i, vs, v, and fc? are thus 
declined ( t and i» are neuter endings) : 


By G. K. Hibbert, M.A. 

rj t r6Xis. city ; to darv. town ; 

6 Trrj\vs, fore-arm, cubit ; 6 (JacriXfvs, king. 


Singular 


X . 

ttoXls 

darv 

Trr/X'-s 

jiaaiXtvs 

r. 

ird\t 

d<TT\' 

t nw 

(iaatXev 

i. 

tt6\u> 

darv 

vijxvu 

jiaaiXea 

G. 

7Tfi\< (0? 

dan os or nos 

TryXtus 

fiaaiMoJs 

D. 

irn\fL 

d irrn 

*VX fl 

fiaaiXfi 



Dual 



X. 

r. 

| TTO.W 

dan 

*nv 

jiaaiXii 

A. 

1 




G. 

D. 

1 iroXioo' 

aariow 

irr)\toit> 

jiaaiXiuti 



Plural 



X . 

r. 

| irdXcis (■ 

m) dory (-fa) 

7T7/XftS 

fiaaiXtts 

A. 

noXtts (■ 

■f as ) deny (-ta) 

7T77X f O 

/iaaiXia? 

G. 

7To\t (VV 

darhov 

Trr)x*wr 

(iaaiXtwv 

D. 

7 rdXeat 

damn 

TnJxeo-t 

(iaaiXtvai 


Noth. Nouns in i (as rb alvam. mustard) are 
declined like darv. Most nouns in vs retain i« 
and are regular e.g ixBvs, ti«h ; gen., tyth' o?; 
dat.. ; no m. pL. <x ; dot jj-., t xBvon. 

3. Nouns in or? ami acs are thus declined : 


6. 7/ jiovs. ox, cow : y ypavs. old woman ; 
i] vavs, ship. 

Singular 


Xom. 

jiovs 

y pa vs 

vavs 

Yoe. 

jiov 

ypav 

vav 

Arc. 

fiovv 

ypavv 

vavv 

Gen. 

jiobs 

ypads 

veus 

Dat. 

pot 

ypat 

vyt 
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Dual 


X, V., A. 

fide 

ypde^ 

pqe 

Gen., Dat. 

fioolv 

ypaoiv 

Plural 

PiOtP 

X, V. 

iiots 

ypdei 

VTJtS 

Acc . 

(iovi 

ypavs 

pads 

Gen. 

fioilw 

ypaQiv 

V€U)P 

Dat. 

( iovai 

ypavai 

va\'<ri 


Notk. vavs is very irregular, and has also 
acc. sing., vrja or via ; gen., vq6s or v(6% ; etc. 

4. Nouns in a?. genitive ao* (neuter), are thus 
declined, contraction taking place when the a 
of the stem is followed by a vowel : 


Singular 

Dual 

Pluml 

Nom. 

For. ye pas, prize j 

Acc. 

(ylpa) i 

ylpa 

Gen. yipcos (-a os) J 

(y*pyy) 

ytpdtv 

Dat. ylpv J 

{yeptpu) 

ytpaen 

hlpas, htparos. horn, is 

sometimes 

declined 


regularly (W/>ar, paros, trepan, etc.), sometimes 
like ylpat (Ktpw, ntpq., etc.). 

5. There are a few nouns in w and u>s, declined 
as follows (the dual and pluial are rare) : 


Singular Dual Plural 


X 

? 7 Xu>, echo 

x. | 

| 

x. 

j VX™ 

V. 

r)XOi 

■ r - 

( vxd) 

v . 

A. 

vxu 

A. J 

! 

A. 

7)X0l'S 

G. 

7)xoes 

G. , 

\ VX°" 

G. 

7/Xwr 

D. 

VX°i 

D. J 

\D. 

rjxols 


rj aiow, shame; accusative, aiSCb ; genitive, 
aidoC’i ; dative, aioot. No dual or plural. 

6 tfpw y, hero, has genitive ijpioos, and is regular 
(accusative, yjpu a ; dative, ifputi, etc.). 

6 . Some nouns in qp, as 6 Tcarqp, father ; 
q prjrrjp, mother ; q Ovydrqp, daughter (genitive 
-<yoy), are shortened by dropping the i in the 
genitive and dative singular ; also in the dative 
plural they change ip into pa before at. Thus : 



Singular 

Dual 


Plural 

N 

irarqp 

X. | 

N. 

j ware pi s 

r. 

iranp 

1 • i warlpe 

V . 

. 4 . 

naripa 

A. ) 

A. 

ira re pas 

G. 

-rrarpos 

G. \ . 

j) j xartpoiv 

G. 

Trar^puv 

D. 

7r arpl 

D . 

vaTpatri 


Adjectives. First and third declensions 
combined. Most of tlkse end either in i s, aa, 
t' t or in fty, eaoa, ev— as, raxes, raxda, rax*', swift; 
Xaplus. xapUaaa, x a H uv ' graceful. 

Singular 


Nom. 

MtlSCulin* 

Feminine 

Neuter 

raxes 

ra X eta 

Ta X v 

Voc. 

ra X e 

rax^ta 

ra X d 

Acc . 

Ta X vv 

Taxtiav 

Ta X d 

Gen . 

rax^os 

rax^tas 

Ta X ios 

Dat . 


raxdg. 

Dual 

raxci 

X, F.,Jh 

rax«e 

ra X da 

ra X le 

Gin. Dat. 
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1 ^xloiv 

ra X daiP 

Ta X loiv 


Plural 


X., F. 

raxds 

rax^tat 

raxlu 

Acc. 

ra X ds 

rax^ias 

raxto. 

Gen. 

raxluv 

raxti £>v 

rax^w v 

Dat . 

rax&ri 

rax^tats 

rax^at 


Singular 



Masculine 

Feminine 

Neuter 

Nom. 

Xapien 

X upii<r<ra 

Xa plw 

Voc. 

XapUv 

Xapteffffa 

XapUv 

Acc. 

XapLivra 

xapitaa av 

Xuplev 

Gen. 

Xaplivros 

Xa piiffaqs 

XupUvroi 

Dat. 

X apiiVTi 

XapUaarj 

XaplevTi 



Dual 


X, V.,A. 

XapliVTi 

Xupilaaa 

XOLpUpre 

Gen., Dat. 

X a pUvroiv 

Xapii(T<raip 

XapUvroiv 


Plural 


X, V. 

X apiiVTis 

X o.pLia<rai 

X apUvra 

Acc. 

Xapitvra s 

X apii(r<ras 

Xaptcvra 

Gen. 

Xa pUvTCM 

Xapu<r<TiZ'V 

XapilvTcop 

Dat. 

XapUat 

Xapit(T(raLS 

XCLpUai 


Noth. The feminine of raxes is declined like 
oihia, and the feminine of xa/utis like OdXaaera. 


There are three adjectives ending in as : 7ras, 
Traaa, 7 rdv. all ; pCXas, plXaiva. ptXav, black : and 
raXas. raXaiva , raXav . wretched. 7rds and plXas 
are thus declined : 

Singular 


Nom. 

Masculine 

Feminine 

Neuter 

7T ds 

ir do a 

irav 

Are. 

7 rdrra 

irdcrav 

irdv 

Gen. 

wci vt 6 $ 

Tracrrjs 

TTai’TOS 

Dat. 

ttcl vri 

TTCUjq 

Plural 

7 ra vrl 

Nom. 

wdvTiS 

Tcaoou 

Trdi'Ta 

Acc . 

ndvras 

v 7 rd<ras 

7 ravra 

Gen. 

irdvTwv 

Traawv 

irdvTWP 

Dat. 

WIKH 

7 raaan 

Singular 

irdai 

Nom. 

jaiXa s 

pJXaiva 

ptXav 

Voc. 

jntXav 

piXaiva 

ptXav 

Acc. 

/.if'Xava 

ptXa tvav 

plXav 

Gen. 

fiiXavos 

piXaivqs 

ptXavo s 

Dat. 

pLiXavi 

ptXaivri 

Dual 

ptX art 

X., V.,A. 

piXave 

ptXaiva 

ptXave 

Gin., Dat. 

jxtXdvQiv 

peXaivaip 

Plural 

pcXdvotv 

X, V. 

plXaves 

peXaivai 

plXdPCL 

Acc. 

plXavas 

piXaivas 

ptXapa 

Gen. 

piXa VW 

piXaivwv 

ptXdvwv 

Dai. 

plXaai 

pcXaivcus 

plXaai 

Notk. 

raX as is declined like /xcXas. 

Two 

Irregular Adjectives. 

great, and 71-0X1' s, much, are declined in egularly : 
Singular 


Masculine 

Feminine 

Neuter 

Nom. 

ptya? 

peydXrj 

plya 

Voc. 

(ptydXt) 

piydXq 

ptya 

Acc. 

plyav 

pi ydXqv 

piya 

Gin . 

peydXov 

peydXqs 

piydXov 

Dat. 

peydXip 

peydXr) 

Dual 

peydXip 

X, F., A, 

peydXuf 

peyaXa 

piydXta 

Gen., Dat. 

peydXotv 

peydXaiu 

pcydXoiV 
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Plural 


n. 9 V. 

fityaXot 

pityaXai ' pityaXa 

Acc . 

pey&Xovs 

fxfydXas peydXa 

Gen. 

fieydXwv 

fieyaXwv pitydXoiv 

Dai. 

/jbtydXots 

yuf^aXats pctyaXots 


Singular 

Nam. 

7ro\l5s 

iroXXr) TroXii 

Acc . 

TTOXlJV 

ttoXXtjv ttoXp 

Gen. 

TTOXXOU 

7toXXt)s 7toXXop 

Dal. 

TToXXlp 

TroXXrj 7 roXX<p 



Plural 

N, V. 

7 roXXol 

TcoXXai TroXXd 

Acc . 

TToXXots 

7roXXds TroXXa 

Gen. 

7T0\Xu)v 

7 voXXCiv iroXX&v 

Dat. 

ToXXois 

TroXXais 7roXXors 

Regular Verb 

Xpw, 1 loose. 


Imperfect Indicative. Aorist Indie. 

1. Singular 

eXvov, 1 was loosing, i'Xvoa, I loose 

2. „ 

Apts 

or Ap oas 

3. „ 

iXvdv) used to loose tXvot(v) 

2. Dual 

t'Xtitrov 

iXi'oarov 

3. „ 

4Xv4ttjv 

iXvodTTjv 

1. Plural 

iXvopitv 

iXvaafnev 

2. 

iXutTt 

4Xv<rare 

3. ,, 

Ap ov 

tXvoav 


Notes, i. Tlio e prefixed to these two tenses 
is called the Augment (literally, increase). All 
the past, or historic, tenses of the indicative 
mood have some kind of augment. Verbs be- 
ginning with a consonant always prefix * to the 
stem to form the imperfect and aorist indicative, 
as Xi'/w, t\vov, tXvoa ; o-cojw, ftrcojov, ioiooa. This 
is called the Syllabic Augment. When the 
verb begins with a vowel, the augment lengthens 
the initial vowel, as dyu, T lead, rjyov ; tyw. 1 
have, dxov. This is called the Temporal 
Augment. 

2. The imperfect denotes continued or 
repented action ; the aorist expresses a com- 
pleted action in indefinite past time : Ai w ~ 
I was in the habit of loosing, or, 1 was loosing ; 
<\vaa — I loosed. 

SECTION II. SYNTAX 

Rule 1 . A substantive may have another 
substantive added to explain or describe it ; the 
latter is then said to be in apposition to the 
former, and agrees with it in ease — as, Sturtas 
6 (TTparriySsi Nicias the general ; 6 riot too 
Aa pdov y toO JUpaov, the son of Darius, the 
Persian. 

Rule 2 . Words which qualify or describe 
a noun are usually placed between tluit noun 
and its article — as, the vulture’s claws, oi toO 
yvirds dwxes ; the trees in the island, rd tv 77 ; 
n)<r(p 84v8pa. 

Rule 3 . iras without the article means 
every— as, irdcra v 6\ts, every city. But with the 
article iras means all or the whole — as, waoa 7 
*<JX(f, all the city ; y trdoa irdXis , the whole city. 

Rule 4, When ply as or iroXih is used with 
another adjective, the two adjectives are 


generally connected by sal - as, The great black 
bird, 6 ply as Kai piXas tipvis ; He saved many 
poor citizens, Awe iroWoiH Kai nlvrjTas iroXlras. 

Rule 5. The article is frequently used with 
an adverb — as, oi irdXat, the men of old ; oi 4 k*?, 
the people there ; oi vOv , the men of the present 
day. The noun has here been omitted, the full 
phrase being oi iraXai dvOpurrrot, and so on. 

Rule fi. I 11 Greek the article is required 
with nouns denoting a whole class of things — 
as, Oi dvOpwoL elat OvrjTol, Men are mortal ; Ol 
XiovTt s d<n ddvolf Lions are terrible. 

Exercise V. 

here, ivravda 1 make, 7 jWw (aorist 

Cyrus, K vpos 4i rolrjaa) 

])alace, rd fiaoLXeia citadel, tj dKpdiroXis 

(plural) soul, 7 \f/\>xi) 

park, napaSaaos I magnify, jiey a\iW 

hunt, b-qptvw Lord, K 17 x 0 s 

from, curb (governs gen.) I rejoice, ayaXXiau 
through, did ,, (aorist riyaXXiaoa) 

I flow, piio Saviour owrrip, -ijpos 

source, 7 Trrjyr) good, dyad 6s t % ov 

Apollo, ’AttoXXwv corrupt, oairpoSy a, ov 

I kill, KTiivu) (aorist fruit, 6 kapn6$ 

HkTtiva.) evil, jrovrjpds, a, ov 

1 . Here Cyrus had a palace (say: there was 
to Cyrus a palace) and a great park, full of wild 
beasts. 2 . The king used to hunt the wild 
beasts on horse-back (say : from a horse). 
3. Through the park flows the river Maeander 
(Mcu'avSpos), and the sources of the river start 
from (say : are out of) the palace. 4. It flows 
through the whole city. 5. The men of old used 
to say that (tin) Apollo killed MarsyaH (Map^as) 
here. 0 . There Xerxes, the king of the Persians, 
made a citadel and a palace. 

7 . My soul (say : the soul of me, p.ov) doth 
magnify (magnifies) the Lord and my spirit 
hath rejoiced (aorist) in (4m, governing dative) 
God my Saviour. 8. Every good tree bringeth 
forth (makcth, ttoUu) good fruit, hut the corrupt 
tree bringeth forth evil fruit (plural). 

Key to Exercise ILL 

I. rrjs dtrXqs Kup-qs. 2 . rip tX^PV orpanJjrrf. 
3- XP V(T & dujpa. 4 . tojv co(pCov vtaviCiv. 5 . ti)v 
ddtkov Kopi'jv. C). T7) apyvpq. OaXaoop. 7 . dXoyot 

vdflOl. 8. TOP <TO<f>OV VOV. IJ. rod xP v<r °v 

10 . tops d 7 r\oPS hpiras. 

Key to Exercise IV. 

I. iv ty} oiKtg. tlol wait Kai ndp-rj. 2. ij oifda (ori 
wXrjpTjs KavQv,Kai iv rots tcavoh 4onv <pa. 3. rd (pA 
?)v top i'Xrco yipovros 5u>pov. 4 . 6 ttcus Oavfidfci rd 
Kava’ Xdtt to l/idnov. 5 . raxlws XiWt Kavovv, 
6. ij tc6pr) 4ori KaKrj Kai x°P^' iL X a P9-’ 7* IXwlfci tA 
<pa* Xlytt tin 6 xp&os iori /xaKpds. 8 . dXX* 6 tia t/xiav 
icrriv dypior Suokci t6v raitia Kai t^v Kdpyv. 9 . r 6 
Kavovv ttLtttci' rd <pd ion rraXaid Kai rj oUla ov k ton 
npwvr}. ro. 6 vais Kai ij Kdpt\ Tpix^coi 4 k rfjs oUtas , 
oiKrpoi Kai ootpoi. 


Continued 


Note.— T he next instalment of the Spanish course will appear in Part 40 of the Self-Educator 
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NATIONS AS TRADERS 

The Natural Regions, Products, and Trade of the Temperate Lands 
of the Far East, of the Southern Hemisphere, and of North America 


By Dr. A. J. HERBERTSON and F. D. HERBERTSON 


/'"'•HINA proper, with its many millions, has to ho 
^ distinguished from the belt of its dependencies 
— Tibet, mu inly an icy waste except in the south-east ; 
Chinese Turkestan, a desert fringed with small 
oases, and valleys with fruit trees, cotton, etc. ; 
Mongolia, a desert of poor steppe land, with camels 
and horses, and having a slightly more fertile margin : 
Manchuria, resembling Mongolia, in the west, hut 
fertile and prosjierous in the centre and east. Ex- 
cept the richer parts of Manchuria, these are of little 
economic importance. 

The Richer Areas of Southern 
China. Chirm proper consists of a hilly south and 
west, and a flatter north. The south has wooded 
hills, producing lacquer, vegetable wax, leaves 
for silkworms, tea : while rice, cotton, sugar are 
cultivated in the irrigated valleys. This region 
may be divided into five divisions : 

(1) The plateaus of Yunnan and Kweichau, rich 
in gold, silver, copper, coal and iron, with outlets 
to Red River of Tongking, the Yangtse Kiang, and 
chiefly to the Si Kiang. 

(2) The Si Kiang Valley. withCanton as itseapital, 
and outlet on the delta. Near it is the British 
island of Hongkong, the great shipping junction 
of the Ear East. 

(3) The Eastern Highlands, witli a port at the 
mouth of each valley, Swatau, Amoy, Fiichau (at the 
mouths of the eastern Min), Ningpo, and Hnngehau. 

(4) The Lower Yangtse Valley, which is partly in 
the plains, blit its tributaries, the Kah, Siang. and 
Han, come from hilly lands rich in minerals. es|>e- 
oinlly anthracite and iron, in the Siang basin. This 
is the valley the railway from Canton to Hankow 
will follow. Shanghai, on the W usung, near the 
mouth of the Yangtse, is the port to which most 
ocean steamers come, but they can asceud past 
Nanking to Hankow, at the mouth of the Han, 
where many routes converge [see also page 2976]. 
Navigation is possible to lehang, at the mouth of 
the gorges, where the river is very rapid, though 
not enough to prevent small steamers reaching 
beyond the gorges to Chungking. This is the port of 

(5) The Red Basin of Xcchwan [set* page 297b], 
the capital of which is Chengtu, on a very fertile, 
irrigated plain. Coal. iron, salt, and other minerals 
abound. 

The Rich Lands of Northern China 
and Manchuria. The rich lands of Northern 
China and Manchuria have a much colder winter 
than the south, the people are hardier, and even 
\more industrious. The fertile soil, much of it 
loess, is irrigated and cultivated in the most care- 
ful manner, producing millets and pulses. Silk and 
tea are mainly confined to the south. 

• We may divide this district into : 

(1) The plains south of the Hwang Ho, among the 
richest lands in China, crossed by the Grand Canal 
from south to north in the east, and by the 
railway from Hankow to Peking in the west, and from 
Kaifeng, where the Hwang Ho leaves the mountains, 
to Shanghai, near the mouth of the Yangtse. 
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(2) To the north-east rises the Shangtung penin- 
sula — a hilly land with rich coalfields. Kiauchoti 
(German) is chief outlet. Chifu is the northern port, 
and Wei-hai-wei a British station in the east of this 
region. 

(3) In the north- west the hilly provinces of 
Shensi and Kansu, by which the route to the centre 
and west of Asia passes via, Singan on the Wei and 
Lnngcbnu on the Hwang Ho. Tobacco is important 
in Kansu. 

(4) The mountains north of the Hwang Ho in 
Shansi, which are among the richest mineral regions 
of the world, with anthracite and bituminous coal, 
iron and copper, which are all now being tap] ted 
and will rapidly be exploited as railways are built. 

(.”i) The rich alluvial plains of Northern China 
fringing the Gulf of Pechi.., with Peking to the north, 
and Tientsin its port. 

(0) The plains and hills on East Manchuria, with 
much more severe winters, shorter, cooler, and 
drier summers: rich in beans, and capable of growing 
maize and wheat. The hills are wooded, and con- 
tain rich minerals, including gold, as yet little 
exploited. The railway runs northward from 
Port Arthur, by Niuchwang (the port), Mukden 
(the capital), to Harbin, where it joins the Russian 
Siberian line to Vladivostok. 

Industrial Condition of China. Wo 

have seen that China is still essentially an agricul- 
tural country. It produces food for nearly 
400,000,000 people, and imports very little. The 
needs of such a population are great, for clothing, 
dwellings, etc. Hence the building of houses, 
making of cloth, clothes, and agricultural imple- 
ments are all important occupations. The manu- 
factures, however, are still almost all domestic. 
An immense internal trade is carried on, but is 
much hampered by bad means of communication, 
except on the great w aterways, of which the Imperial 
Canal and the Yangtse are the chief. The numerous 
customs and other tolls and the monetary system 
of China also hamper trade. The official coinage 
is confined to copper 'cash, of which 35 go to the 
penny, and most exchanges are effected by silver, 
which is weighed. One tael weight (a Haikwan tael) 
is worth one-seventh of a pound sterling = 2s. 10*4d. 

Railways in China. The era of railway 
construction, and the development of mining and 
of manufacturing by modern mills, which have just 
begun in China, arc destined to effect an economic 
revolution in a much shorter time than in Europe, 
and of far greater importance than in Japan. The 
railway built from Peking to Tientsin, Taku, and 
Manchuria, from Peking by Paoting to Hankow*, 
which b: being extended to Canton; the line round 
Shangtung from Kiauchou ; from Kaifeng to Shang- 
hai; those projected up the Hwang-Wei, Yangtse 
Kiang, and Si Kiang; the Yunnan railway to Tong- 
king, are among the most important which will bring 
the greatest cities of the interior in close touch 
with each other and the outer world, and will tend 
to develop a great trade. 




Present Foreign Trade of China. 

The trade of China in the year 1904 was as follows : 


In Haikwan taels (2s. 10*4cl.) 

: T W 

Exports | Thousands 

1 | of tauls 

Cotton goods . . 
Opium . . 
Kerosene oil . . 
Metals 

Sugar . . 

Rice 

Coal and coke . . 

124,083 

37,094 

27,908 

21,235 

18,281 

8,380 

7,101 

i 

Silk, raw and ! 

manufactured . 78,555 
Tea .. ...30,202 

Raw cotton .. 24,812 

Skins (furs) . . 7,328 

Beans and bean 
rake . . . . 7,283 

Hides, cow and 
buffalo . . . . 7.142 

Straw braid . . 4,503 


Silk, tea, and cotton, but little produced in 
Europe, are the chief exports. The tea trade has 
diminished greatly since India and Ceylon competi- 
tion came into play, but it shows signs of recovery, 
ms the following table of the amounts sent to the 
United Kingdom from Hongkong and Macao shows: 
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The following table shows the chief countries 
with which China trades : 


In Haikwan taels (2s. 104d.) 


Country 

Imports from . Exports to 

Total 

Hongkong 

141,085,000 j 86,858,000 

227,943,000 

Japan and 
Formosa 
United 

Kingdom . . 

, 


50,164,000 37,987,000 

88,151,000 

57,230,000 ! 15,270,000 

72,500,000 

Continental 
Europe (ex- 
cept Russia) 

68,026,000 

23,513,000 ! 44,513,000 

United States 

29,181,000 ' 27,088,000 

56,269,000 

India .. 

32,220,000 2,387,000 

34,607,000 

Russian Empire 

4,468,000 5,056,000 

9,524,000 


The Hongkong trade is with many countries. 
Of course, it includes more than the China trade, 
but an analysis of it will give some indication of 
how the great values entered in the trade of China 
under Hongkong are to be distributed. 

Thus the interests of the British Empire in Chinese 
commerce are by far the greatest of those of any 
other power. 

Japanese Empire. The Japanese Empire 
for trading purposes may be divided into Japan 
and Formosa. The latter island is noted chiefly for 


camphor and tea. Gold, silver, and copper are worked. 

Japan has been described on page 3159. Its trade 
may be gathered from the following table for 1904 : . 


In yen (2s. ojd.) 

Imports 

Yen 

Export* 

Y**n 

Raw cotton . . 
Rice 

Sugar .. 

Mineral oil 
Ironwork 

Wheat and flour 
Machinery 

Beans and 
pulses 

71.467.000 

59.792.000 

23.043.000 

18.201.000 

14.915.000 

11.162.000 

9.883.000 

8.625.000 

Raw silk 

Silk manufac- 
tures 

Cotton yarns . . 
Coal 

Copper 

Tea 

Matches 

Cotton manu- 
factures 

88.741.000 

42.695.000 

29.268.000 

14.825.000 

12.908.000 

12.884.000 

9.764.000 

7.075.000 
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It will be noticed how large a share the industrial 
life of Japan is playing in its trade. Raw materials, 
foods, ironwork, and machinery are the chief im- 
ports; and while raw silk, tea and minerals are 
important exports, manufactured silk and cotton 
and matches are also large items in the goo<Ts sent 
abroad. Japan has progressed farther than China 
in the development of modern manufacture and 
commerce. Its resources are nothing like so great 
as those of Chinn, but we can gain a slight idea 
of what may happen in China in the near future 
by studying the existing economic position of Japan. 

Countries with which Japan Trades. 

The comparison of the values of imports and exports 
for 1904 in the table below shows how Japanese 
trade relations are developing : 


Value in yen 

(2s. Old.) 


Country 

" - _ 

Import* from 1 

Export* to 

Total 

United States . . 

58,116,000 

101,251,000 

159,367,000 

China 

United 

54,810,000 j 

67,986,000 

122,796,000 

Kingdom .. 

74,993,000 ; 

17,644,000 

92,637,000 

India . . 

68,01 2,000 , 

9,405,000 

77,417,000 

France.. 

3,334,000 j 

36,320,000 

39,654,900 

(ienuany 

28,697,000 1 

4,104,000 

32,801,000 

Hong Kong . . 

2,495,000 

28,160,000 

30,655,000 

Korea . . . . | 

French Jmlo- j 

6,401,000 ! 

20,300,000 

26,791,000 

China . . j 

17,400,000 I 

375,000 

17,775,000 

Italy . . . . i 

Russian Em- 

674,000 1 

12,071,000 1 

| 12,745,000 

1 

pire* .. 

j 6,523,000 

81,000 

6,604,000 


* in 1903 tlu* values for the Russian Empire were: Im- 
ports from, 8,559,000 ; exports to, 3,305,000; total, 
11,924,000. Owing to the war, the figures for 1904 are 
not characteristic. 

The United States takes tea and silks, and in 
return sends manufactured goods, raw cotton, and 
wheat. The United Kingdom and German trade 
is largely one of manufactured goods sent to Japan, 
from which is taken a very much smaller value of 
produce. The trade of France and Italy present 8 
a very great contrast, for it is one in which raw 
silk from Japan to Europe plays a great part, while 
the exports from these countries to Japan are very 
small. On the other hand, India sends Japan 
most of its raw cotton and also much rice from 
Burma. 

The Japanese trade is thus the most complex 
we have yd studied. 

The Three Types of Land already 
Studied. We have now examined three different 
types of countries from the commercial point of view : 
(1) The poor land* of the icy and arid deserts and 
their margins, of little commercial value save for 
mineral and animal products ; (2) the rich vegeta- 
tions of the hot. wet forests and bordering savanas, 
largely self-sufficing, only here and there exploited for 
trade purposes, mainly where plantations have been 
formed under European supervision ; (3) the rich 
lands with regular seasons — dry winters and wet 
summers, with large alluvial lands easily flooded and 
cultivated, with a long civilised history, with well- 
developed internal trade, hindered only by lack of 
easy communication, which is gradually being over- 
come. In India European direction has introduced 
modern means of transport, but the exploitation of 
the country is in native hands, and while European 
capital has been sunk in factories, these are not all 
so financed, and arc worked mainly by native labour. 

In Japan the European factor has been less im- 
portant, and the stage of industrial evolution is be- 
yond that of India. It is likely to be pushed further 
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almost entirely by the Japanese themselves. China 
is on the point of adopting all the more modern 
methods of production and communication, and 
it possesses probably the richest resources and the 
most numerous and laborious population in the 
world. There we may expect to find in the future the 
most striking economic developments not directed 
by European energy. 

The Three Types still to be Studied. 

We have now to turn to those lands, almost entirely 
in the temperate regions, in which Europeans live 
and control the economic life. Three types may be 
studied : (1) the countries where the rural occupa- 
tions are everything and industrial pursuits yield 
a very small part of the wealth of the country — 
the European settlements in the southern hemi- 
sphere, in Western Canada and United States, and 
Asiatic Russia arc of this type ; (2) reentries such 
ns Eastern Canada, Central and Eastern United 
States, and most of Europe, except the west and 
centre, where industrial development, is of great 
and growing importance, but in which the rural 
populations are still of great significance in their 
trade : and (3) such countries as (lermany, Switzer- 
land, France, Holland, Belgium, and, above all, the 
United Kingdom, in which the industrial develop-, 
merit has proceeded still farther, and forms the chief 
source of their commercial activity. 

The Main Economic Divisions of 
Southern Temperate Lands. We may 
divide the south teni]KTfite lands according to 
temperature and rainfall into: (1) the Eastern 
wet regions, with hot summers and warm winters ; 
(2) the central and northern hot arid areas : (3) the 
eastern regions, with warm summers and cool w inters 
and fair rainfall, mainly in summer ; (4) the western 
regions, w ith warm summers and with cool winters, 
during which most of the rain falls (Mediterranean 
type of climate) ; (f») and (6) the small regions of 
cool summers and cold winters, with rain at all 
seasons, little in the east, heavy in the west. 

The Warm, Wet, Eastern Regions of 
Summer Rains in the South. Im- 
mediately south of the tropic of Capricorn lie in 
the east regions with warm winters and hot, 
wet summers where growth is checked only by 
drought. A considerable part of this region is well 
wooded, yielding fair timber. In clearings and grassy 
patches can be grown in the warmer parts some of 
the produce of intertropieal lands, such as sugar, 
coffee, cotton, and rice, but the chief cereals are 
maize in the moister and warmer, and wheat in 
the drier and cooler parts. Tea, pineapples, arrow - 
root, tobacco, oranges, lemons, and many other 
fruits are among the other products of this type 
of region, which is to l>o found in Southern Brazil, 
Uruguay, Paraguay, and Eastern Argentina north 
of the Plate in South America ,* in Natal, the Eastern 
Transvaal and Cape Colony in South Africa : and in 
Eastern Southern Queensland and New’ South Wales 
in Australia. These roughly correspond to China 
and Southern Japan in their climatic conditions 
^nd economic vegetation ; but the human condit ions 
are very different, for the population is nowhere 
very dense, and cultivation is largely for a foreign 
market. 

Grassland Zone between the Wet 
Zone and the Desert. Between the wet, 
forested east and the arid and desert, or almost 
desert, centre and west stretches a grassy area, 
capable of cultivation in the east and round irrigated 
areas in the west. While in the east the plants already 
named appear, in the drier irrigated areas plants 
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of Mediterranean type, such as vines, figs, peaches, 
flourish. The chief wealth of these regions, however, 
is the livestock, cattle in the moister and sheep and 
goats in the drier parts, tended by men on horseoack. 
The mineral wealth varies greatly in different areas, 
and can be studied most conveniently under each 
country. 

Hot Arid Regions. The central and western 
hot arid regions consist of the margin of the southern 
deserts, and are of little value save when irrigated. 
The irrigated areas are (l) in the west of Argentina, 
near the base of the Andes : (2) small areas in 
Bechuanaland and the Karroos of South Africa ; 
and (3) in extra- tropical Southern Australia and the 
adjoining portions of Queensland, New South Wales, 
and Victoria. Here, Mediterranean fruits, maize, 
and lucerne (alfafa) are the chief products. The 
Mildura Colony of Victoria uses water pumped from 
the river Murray. 

Outside the irrigated region the lands produce n 
poor scrub, whic*h feeds small numbers of slice]*, 
goats, and ostriches. The value of the land can 
roughly he judged by the rainfall. This is w r ell 
shown by the following table, taken from a paper 
by Mr. Willis, in the “Scottish Ccographical Maga- 
zine,” for 1887 : 



KihiiIht of 

Menu lalnf.'ill 

OiHtri.t, 

hlioep 

in 


j>»t sij, mile 

Ini-ho* 

South Australia, dry area . . 

8 to a 

8 to 10 

New’ South W ales, dry area . . 

00 

VA 

New South Wales 

040 

20 

Buenos Aires 

•2.030 

31 

Irrigated land in California 



growing lucerne equal to 



about 

1 2,000 

00 to 100 


This record shows how a series of dry years must, 
reduce stock by lowering the powder of the land to 
support large numbers. 

The Mediterranean Type of Land. 

The Mediterranean type of land in the southern 
hemisphere has warm, dry summers, similar to those 
of the regions just, described. It differs from them 
in enjoying a fair, or oven heavy, rainfall in late 
autumn, winter, or early spring. This means that the 
moisture comes in the coolest part of the year, when 
other conditions of growth are not so favourable. 
The hot summers allow of the cultivation of ceroals 
and of such Mediterranean fruits as the grape, tig, 
orange, pomegranate, and olive; and here, as in 
Europe, the Mediterranean realm is one of corn and 
wine and oil. When irrigation is possible, and the 
supply of w'ator in summer is sufficient, this type of 
region is very fruitful, us is shown by the California n 
figures of the last paragraph. 

This type of region is found in (1) Central Chile : 
(2) South-west Cape Colony ; and (3) south-west of 
Western Australia, south of South Australia, Victoria, 
and the North Island of New' Zealand. In the south 
of Australia the products are mainly wheats and 
fruits, with a little timber. 

Sir Charles Todd has made a valuable study of 
the relation of rainfall to crops. Taking the mean 
rainfall for the winter six months, and comparing 
the amount with the yield of wheat in bushels per 
acre over a series of years, he finds the following 
relation. The seven best years, with an average 
yield of 12*43 bushels per acre, had 18*47 in. ot 
rainfall. The five next best years, with an average 
yield of 10*02 bushels per acre, had a rainfall of 
16*28 in. Six bad years, with an average yield of 
only 6*61 bushels per acre, had so small a rainfall 
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as 13 '53 in. From this wo may also infer that there 
is a steady proportional increase in the yield of 
wheat per acre from the drier to the wetter parts 
of these lands. 

One compensation possessed by the drier areas 
is that the quality of the produce is usually excellent, 
and the hard wheats of these dry areas command 
higher prices. [See Agriculture.] Many of the 
trees round the margin of the dry areas yield excel- 
lent- hardwood, in particular the jarrah and karri 
of South-western Australia. [See Materials and 
Structures.] 

The Trade of the Mediterranean 
Type of Lands. Most of these regions do little 
more than support themselves, and some do not 
manage to do even that, as a study of statistical 
tables shows. The exports are mainly minerals, 
wool, hides, and ostrich feathers from South Africa ; 
timber from West Australia; wines from South 
Australia ; and dairy produce and wines from 
Victoria. In examining the statistical tables, it 
must not be forgotten that in the ease of all, except 
Victoria, the produce of other regions is included 
in the returns, as political and natural geographical 
boundaries by no means coincide. The trade of 
Chile, for instance, is mainly in nitrates from the 
northern deserts, and in copper, silver, and iron. 
These are independent of climate, and if we exclude 
them, wool is the only other export of much value. 

Textiles and wearing apparel, machinery, railway 
plant, hardware, and articles of luxury, are the 
chief imports to these lands. The smallness of the 
market, and the cost and scarcity of skilled labour 
are the chief hindrances to the development of 
local manufactures on a large scale. 

Typical Trade Returns for Warm 
Temperate Lands. Let us next examine 
the trade of Uruguay and Natal as types of the 
eastern lands of the warm temperate zones. In 
this ease, in order to obtain values which may 
be compared we shall not quote the 
actual values of the statistical tables, 
but calculate the percentage which 
the value of each group of products 
hears to the total value. This is a 
valuable method of comparing statis- 
tics which the student should 
accustom himself to use. The values 
can be calculated from the total 
trade which is given at the top of 
each column. 

In Uruguay, the country is only 
beginning to be oeeupied, and, as 
>et, little is broken by the plough, so that cattle 
rearing is the chief occupation. In Natal, cattle 
and sheep are reared on the higher slopes, but the 


Uruguay. Natal, 190.J to 3001. 

Total exports, £8,240,000 Total exports, £1,350,000 


,. . prrcMit. percent. 

Live animals.. .. 2-0 Animal products . . 20-0 

Animal products . . 90 0 Sugar 0-1 

Agricultural products 5*1 ; Goal 29-0 

Other 2-3 Other* 38*3 


* Excluding gold. 

lower warm lands near the coast are partly cleared 
jjnd cultivated, mainly by Indian coolie labour. In 
New South Wales very similar climatic conditions 
prevail. The drier interior is pastoral, the wetter 
east of the higher plateau cultivated wdh wheat, but 
the lower slopes round the coast grow maize, etc. 
Here, the European alone works, and a more ener- 
getic, prosperous, and homogeneous community is 


growing up. In New South Wales the wealth of 
coal and gold is much greater than in the other 
lands, and is extracted by modern methods. Manu- 
factures are rapidly developing. 

The Cooler Southern Lands. The 

cooler southern lands, with fairly constant rains, 
comprise (1) South Chile, (2) Tasmania, and (3) the 
South Island of New Zealand, which lie in the track 
of the westerly storm winds. The rain suffices for 
dense forests on the western slopes of the mountains, 
which arc as yet little exploited for their timber. 
In some of the' upper grassy valleys cattle are kept, 
especially in New Zealand. The mineral wealth is 
a very valuable asset, especially coal and gold in 
New Zealand. The potentially rich fisheries are 
not much developed. 

The eastern side of these lands is much drier, and 
a chinook or fohnwind effect is frequently recorded. 
In Patagonia the country is as yet little developed, 
save for a few sheep runs and gold-mines. The 
Canterbury plains of Ncw r Zealand arc rich in 
grazing ground, where many sheep arc fed. The 
mutton is sent in refrigerating chambers to Britain, 
to which the wool and hides are also exported. 
Part of the land is cultivated with wheat. In the 
extreme south and in the higher lands oats are 
grown. 

The Trade of New Zealand. The trade 
of these lands is small, except in the case of 
New Zealand, the statistics for which, however, 
include the produce of the warmer Northern Island. 
The export of meat and dairy produce is of recent 
growth, owning to the modern methods of refrigera- 
tion. Quite recently, experiments in preserving 
meat by oxygenisation are said to have proved 
successful, and an early application of the process is 
probable. The cost is said to be much less, and the 
increased demand, following from the reduction in 
price, would doubtless stimulate the trade. 


This is a very remarkable trade for three-quarters 
of a million people. It gives a very fair idea of 
the economic conditions in that part of the southern 
hemisphere which most resembles our own island 
home. 

Economic Divisions of Temperate 
North America. The present economic 
development of the North American lands is at very 
different stages. North America has been much 
longer settled by Europeans than has Australia, and 
its resources have been much more systematically 
and energetically exploited than those of Argentina. 

The Physical Divisions roughly correspond with 
the economic ones. Broadly, they consist of (1) 
the mountainous west ; (2) the central plains ; and 
(3) the highlands and coastal lowlands of the cast. 
[See North America, page 4172.] Climatic con- 
ditions control the subdivisions of the vast central 
plains into tundra, forest, wheat, maize and 
cotton belts, and the drier uncultivated grasslands 
of the higher western plains. Mineral wealth nnd 
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Exports from New Zealand, 1904. 

Imports to New Zealand. 1904 

Wool £4,074,000 

Frozen meat- . . 2,794,000 

Hold 1,988,000 

Butter and cheese 1 ,500,000 
New Zealand llax 710,000 

Hides, skins, and 

leather . . . . 564,000 

K auri gum . . . . 502,000 

Other articles .. 1,950,000 

Total .. ..£14,748,000 

Clothing and textiles £3,000,000 

Iron, steel goods, and machinery 2,558,000 
Paper, books, ami stationery . . 581,000 

Sugar 505,000 

Alcoholic drinks 357,000 

Oils 278,000 

. Tobacco and cigars 255.000 

! Tea 238,000 

Other articles 5,514,000 

Total £1 3,292,000 
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density of population are other fac tors which must 
t)C taken into account in the various subdivisions, 
each of which lias its own natural products and its 
characteristic economic conditions. 

The "Western Mountains. The high 
plateaus and intermont plains on the east of the 
western mountains are of little economic importance, 
except for stock raising. The centres of settlement 
are (1) round such irrigated areas as those of Utah, 
especially round Salt Lake City: (2) in the plains at 
the mountain base, where the waters of the snow-fed 
rivers arc carried over the plains ; and (it) in the 
mining centres, which arc especially numerous in 
Colorado, Montana, California. Southern British 
Columbia, and Klondike, (told, silver, copi»cr, and 
lead are the most abundant minerals. 

The western valleys of the western mountains 
arc much more favoured climatically. The tem- 
perature is equable and the rainfall is abundant- 
and well distributed throughout the year north of 
California, while in that state the winter rains 
are sufficient except in the extreme south, which 
gradually becomes more desert -like. 

South-western British Columbia, Washington, 
and Oregon are penetrated by straits and inlets, 
which permit easy sea communication. The most 
important of those openings are Puget Sound, with 
the ports of Olympia, Tacoma, and Seattle, and the 
straits round Vancouver Island, with Victoria on 
Vancouver Island, Vancouver on Burrard Inlet, 
and New Westminster. The last two are out ports 
of the Fraser basin. Farther south are Portland 
and Astoria, on the Columbia Bi\er, the outlet of 
the wheat lands of tin* Willamette Valley. 

The lumber yielded by the forests of giant 
Douglas pines, the salmon of the numerous rivers, 
and the mineral wealth— gold, silver, lead, and 
copper — of the interior, find an outlet through 
these ports, (train from the western plains is now 
being brought to them in increasing quantities 
by the Canadian Pacific, the (treat Northern, and 
the Northern Pacific railways for shipment across 
the Pacific. Coal is a very important export, as 
it is uncommon on the eastern coast of the Pacific 
between Puget Sound and Centra! Chile. Local 
iron ore is being smelted round Puget Sound, and 
shipbuilding and engineering works are being con- 
structed. The development of this region is likely 
to ho great, and rapid. 

The Wealth of California. California 
has a much larger area of plain than the lands 
farther north. Its climate is of the Mediterranean 
type, with winter rains. Orange, lemon, and olive 
groves, vineyards, peach, apricot, apple, pear, and 
other orchards, fields of maize, wheat, and lucerne, 
many of them irrigated, form its chief sources of 
wealth. In 1850 there were not 100,000 inhabitants 
in this state, which is three times the area of 
England. To-day there arc 1,750,000. The discovery 
of gold in 184S attracted adventurers from all 
parts of America and Europe. Since then nearly 
0)0,000,000 of gold has been extracted, and in 
1904 about £3,800,000 was obtained. Nevertheless, 

1 it is the agricultural rather than the mineral wealth 
which has led to the remarkable development of Cali- 
fornia. The absence of coal has retarded the in- 
dustrial development, but electricity is now* generated 
by water power, and petroleum is much used as fuel 
for industrial purposes. 

California possesses one of the finest harbours in 
the world, at the entrance to which, known as the 
(I olden Gate, is built Nan Francisco, with its 360,000 
inhabitants. This is the chief port in the eastern 
Pacific, with steam lines for all parts of tlie world. 
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The Central Plains North of the 
Missouri and Ohio* Purs and lumber arc 
the economic products of the tundra and forests. 
The latter industry is very important round the 
Great Lakes, the St. Lawrence and its tributaries, 
where lumber is sawn and made into joiner’s work 
and wood-pulp for exportation. The grasslands 
and the forest clearings are cultivated with wheat, 
and towards the south with maize. In the drier 
west, stock is raised on the natural “ buffalo ” 
grass. In the agricultural urea hogs and cattle 
are fattened on maize and the offal from the flour 
mills. Round the Great Lakes are rich supplies 
of iron and copper ore, and farther south are vast 
coalfields which supply |>owcr for many growing 
industrial centres. The St. Lawrence and the Great 
Lakes and the Mohawk-Hudson valley are the chief 
natural routes from the east to this area, which has 
other outlets across the Appalachians and down 
the Mississippi. Three aspects of the cconom ic life 
of this area deserve more detailed study: (l) The 
Canadian conditions, (2) the agricultural belt of 
the United States, and thfe industrial development 
consequent on its needs, and (3) the metallurgic 
activities of the eastern portion and the mining 
on which it depends. 

Canadian Commerce— Exports. t 

us once more turn to statistical tables, which will 
give us a ejear conception of the most important 
assets of Canadian commerce, derived, as it is. 
mainly from this region. The value of the exports 
from Canada in thousands of dollars ($l,000=£200) 
for the three years 1903, 1904, 1905, is as follows: 


H\|> -it* from C.unul.-i 

mo:: 

1001 

mo.'. 

Mining products 

31,002 

33,619 

31.932 

Fishery products 

11,800 

10,759 

11,114 

Forest products 

5,300 

4,930 

3.207 

Animals and their products 

00,818 

03.812 

03,338 

Agricultural products 

44,024 

' 37,139 

29.994 

Manufactures 

51,714 

1 48,034 

51. 10u 

Miscellaneous 

84 

! 122 

1 

50 


'Phe 1905 figures may be further analysed as 
follows: Gold cpiartz accounted for $15,210,000, 
copjter ore for 84,860,000, coal for $3,930,000, and 
silver ore for $2,100,000. Of fresh and sajt water 
animals and fish, lobsters were the most important, 
accounting for $3,130,000, codfish was valued at 
nearly $3,000,000, and salmon at $2,100,000. 
Of forest produce manufactured, wood was worth 
$32,210,000 and wood-pulp $3,400,000. Cattle 
were the most important animals, valued at 
$11,300,000. Hides accounted for $2,710,000, 
leather for $2,340,000, and furs for $2,400,000. 
In the dairy industries bacon was worth $12,200,000. 
butter nearly $0,000,000, and cheese (the most 
valuable of all) brought in over $20,000,000. Of 
the produce of the fields, wheat is the most impor- 
tant, accounting for $12,400,000, and for nearly 
$0,000,000 more in the form of flour, while fruits 
amount to over $3,270,000. The minerals arc from 
the western mountains and the maritime provinces. 
Salmon is obtained mostly from the western, the 
other fish from the eastern waters. Of the other 
products from the regions more particularly under 
consideration, wheat is obtained from the central 
plains, with Winnipeg as its collecting and dis- 
tributing centre. Dairy produce and cheese an 1 
almost exclusively from Ontario and Quebec, and 
fruits from the Niagara |>cn insula and Nova Scotia. 

All these exports are carried mainly across the 
Atlantic. The St. Lawrence forms the chief outlet for 
this trade in summer. In winter, when it is frozen, 
Halifax, St. John, N.B., and the United States 
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ports have to be used. In 1904 Montreal shipped 
nearly $90,000,000 worth ; Quebec, $3,700,000 ; 
St. John, N.B., $13,600,000; and Halifax, 
$8,500,000 ; while Vancouver on the Pacific only 
handled $5,300,000 worth. In the same year 35 per 
cent, of the exports were to the United States, and 55 
per cent, to the United Kingdom. The West Indies, 
the next market on the list, took only 2 per cent. 

Imports to Canada. The following table 
shows the nature of the imports and how far they 
pay duty. The value is again given in thousands of 
dollars ($1,000 -£206): 


Of the manufactured articles, iron and steel 
are by far the most important, amounting in 11)05 
to almost $42,000,000. A very large proportion 
comes from the United States, as do the imports of 
coal and coke, which are valued at $21,250,000. 
Woollen manufactures, which are next on the list 
($15,600,000), enter from Great Britain under the 
preferential tariff, as do cotton goods, worth 
$8,600,000. Cotton- wool and waste ( $6,000,000), free 
of duty, and tobacco ($3,000,000), also mainly 
duty free, enter for the manufacturing centres of 
Montreal, Western Quebec, and the Lake peninsula. 
Sugar ( $9,250,000) and fruits (over $5,000,000) come 
largely from the West- Indies. The United States 
does more than any other country to supply 
Canada’s needs, to the extent of 60 per cent. The 
United Kingdom supplies less than 24 per cent., 
and Germany, France, and the West Indies come 
next in order. 

The ports by which these imports enter are 
of interest. Montreal still heads the list- with 
$78,500,000; but Toronto comes next with over 
$50,000,000. Halifax and Quebec have over 
$8,000,000 each, St. John, N.B., $5,600,000, and 
Vancouver, $6,150,000. 

The Central United States. As in 

Canada, the west of the United States is a 
ranching country, raising rattle and sheep. Last 
of 100° W., the rainfall is sufficient for agri- 
culture. Wheat is the staple crop in the north, 
and maize in the south. Most wheat is grown in 
the Red River valley and the Dakotas, but it is 
cultivated even south of the Ohio mouth. Much of 
the crop is forwarded to the l^ake ports (Duluth, 
Superior, Chicago, etc.) and sent by the Great 
Lakes to Buffalo, where most of it is put on 
the rail for New York. Part of it goes by rail 
the whole way to the eastern and Gulf ports. An 
increasing amount is sent by rail across the 
Rocky Mountains to Puget Sound. The cost 
of transport has been extraordinarily diminished 
in America. To lessen its ratio to the value 
of the freight a large proportion of wheat is 
milled into the more valuable and compact form 
of flour. Minneapolis, where the Falls of St. 
Anthony supply water power, Superior, Duluth, 
Kansas City, and many cities farther east, are 
important milling centres. 


Similar considerations of economy lead in the 
maize belt to the fattening of cattle and hogs on 
the crop raised. The stock and the cattle and sheep 
from the ranches are slaughtered and sent oast as 
“ chilled meat ” in refrigerated trucks. Enormous 
quantities are “packed” or canned. The hides are 
m ade into leather. The wool and hair, bones, sinews, 
and even the blood and offal are utilised in various 
ways. The mutton is sent mainly to the Eastern 
States, but much beef is exported. The chief meat 
packing cities are Omaha and Kansas City on the 
Missouri, and Chicago. Formerly Cincinnati was 
the “ Porkopolis ” of the 
United States, and St. Louis 
rivalled Chicago. As settlers 
moved westwards new meat 
cities grew up, but the old 
ones still retain a fair trade. 

These regions need railway 
plant of all kinds, agricul- 
tural implements, and the 
clothing, luxuries, and other 
requirements of a population 
which is not, like many of the 
Old World peoples, self-sup- 
porting. The railway has 
been in many cases the precursor of settlement, 
for without it the settler could neither procure 
supplies nor send his produce to market. 

The Industrial Region East of the 
Mississippi. A generation or so ago the now 
busy and populous region east of the Mississippi 
preserved the same characteristics as the region 
just- described. Now all is changed. Coal is widely 
distributed and mined, and used at all the great- 
and growing cities for their numerous and varied 
manufactures. Between Western Pennsylvania 
and Illinois are many oil and natural gas wells, 
which supply a valuable fuel. The petroleum is 
conveyed in pipes to Chicago, Pittsburg, Cleveland, 
Buffalo, New York, Philadelphia, Baltimore, and 
other cities. Iron ore and limestone occur in the 
Western Pennsylvania coal, oil, and gas field, with 
the result that this region has become one of the 
leading stee.-nmking centres of the world. The 
local ore no longer suffices. Fortunately, iron ore 
is abundant round Lake Superior, whence it is 
shipped in giant- “ whale-back ” steamers to 
Chicago and the ports on the southern shores of 
Lake Erie to be smelted. Much is carried by rail 
to Pittsburg, the greatest iron and steel city in the 
world. Here, again, remarkably low rates of 
carriage have led to an extraordinary economic 
expansion. The ore is carried to the fuel because 
the fuel is near the markets for the finished 
products. 

The Central and Southern Atlantic 
Plains. The ( Central Plain south of the Ohio 
and the Southern Atlantic Plain is a hot region 
where cotton is the most important crop. Tobacco 
is grown in the north and sugar in the south. 
Throughout this region the labour problem, which 
is a difficulty in many hot lands, was formerly 
overcome by the importation of slaves, mainly 
from Africa. Since their emancipation these 
negroes have still remained the chief cultivators 
of the ground. Nearly three-quarters of the raw 
cotton of the world is grown in this area. Most 
of it is shipped to Europe (half to England) and 
New England from Galveston, New Orleans, Mobile, 
Pensacola, Savannah, Charleston, Wilmington, 
and even Baltimore. The sugar and rice of the 
south are not much exported. The tobacco of the 
northern margin of this belt is exported, the great 
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Aver ate rate 

JSfttnre of Import* to 

Canada, 1904 

Dutiable 

Frew 

Untie* 

collected 

of duty 
on dutiable 
Roods 

Food and animals 

20,000 

12,596 

5,000 

23-9 

Raw materials for domestic industry 

10,324 

39,668 

2,300 

22-3 

Wholly or partially manufactured 
materials for manufacture and 





mechanical arts 

23,942 

22,913 

5,216 

21*8 

Manufactured articles ready for 





consumption 

77,262 

18,693 

19,237 

24-9 

Luxuries, etc 

16,482 

810 

9,201 

55*8 

Total 

148,910 

94,680 

40,954 

29-7 
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markets being Richmond (Virginia) east, and Louis- 
ville (Kentucky) west of the Appalachians. 

The Southern Appalachian coal and iron field has 
only recently been adequately exploited. Steel 
find iron arc made round Birmingham (Alabama). 
A remarkable feature is the rapid development of 
the cotton manufacture of Atlanta and other 
manufacturing centres of the other States, but 
unhappily child labour is largely used to cheapen 
production and supply the necessary amount of 
labour. 

The New England Manufacturing 
Area* One of the earliest English settlements in 
North America was on what is now known as the 
New England coast. Gradually the pioneers made 
their way inland across a rather poor highland 
into the parallel fertile valleys. These diminished 
in agricultural importance with fho opening 
up of the prairies in the west. The irregular 
shores of Now England afford good harbours, but 
fishing and the building of ships with timber from 
the forested hills have both declined. The result is 
that New England has specialised in manufactures, 
a development rendered easier by the abundance 
of water power. With improved facilities of 
transport coal is brought from Pennsylvania by 
sea and rail, while cotton is imported from the 
south and wool from the east over soa. Leather, 
boots, clothing, ironmongery, clocks, watches, and 
many other articles are manufactured. Economi- 
cally there is a marked tendency for the more 
skilled occupations to expand while those employing 
less trainod labour pass elsewhere. The manufac- 
ture of coarser cottons lias thus been transferred 
to the South Appalachians. The chief New 
England cotton centres are Lawrence, Lowell, and 
Manchester on the Merrimac River, Augusta and 
Watorvillo on the Kennebec, and other cities on 
the New England rivers, not far from the coast. 
Fall River, in Rhode Island, is also a seaport, and 
the consequent reduction in transport charges lias 
made it the largest of all. Woollen factories arc 
moro widely distributed. Lawrence and Lowell 
are busy centres. Cnr|>el-making is important 
at Lowell and Hartford. Lynn, Brockton, 
Haverhill, and other towns make boots and shoes 
and Waterbury watches. Worcester is a great 
engineering centre. There are many towns with 
varied manufactures, especially of ready-made 
clothing. Of these industrial centres Boston is 
the chief port, but it is cut off* from the great 
western industrial and agricultural area by t lie 
Berkshire and other Highlands of Western New 
England. 

The Central Eastern Industrial Area. 

The central eastern industrial and commercial 
area is very important. The groat inlets which 
penetrate to the *' fall lino ” make admirable 
waterways to tho manufacturing centres, which are 
grouped round the anthracite fields of Eastern 
Pennsylvania. Many large towns are noted for 
social industries, but in this area engineering, 
^-specially in Philadelphia and Now York, is even 
more important than textile manufactures. Phila- 
delphia is tho chief locomotive and shipbuilding 
centre in America. Locomotives are also con- 
structed at Paterson, near New York, Scranton, 
Richmond, and other centres. Ready-made cloth- 
ing is an important industry in New York, Phila- 
delphia, Baltimore, and other cities in the States. 


The central eastern ports are Baltimore, Phila- 
delphia, and New York, which have already been 
described on page 4172. * 

Exports and Imports of the United 
States. The exports of tho United States are 
gradually altering in relative importance. In tho 
early nineties 80 per cent, of the exports consisted of 
agricultural produce, but in 1904-5 these were only 
55 per cent. Tho figures are, in round numbers : 


Cotton unmanufactured $380,000,000 

Provisions, ineluding meat, and dairy produce 170,000,000 
Iron and steel, and manufactures thereof . . 135,000,000 

Bread stuffs ' 108,000,000 

Copper, and manufactures thereof . . . . 87 , 500*000 

Mineral oils 80,000,000 

Wood, and manufactures thereof 58,000,000 

Cotton manufactures 60,000,000 

Animals 47,000,000 

Leather, and manufactures thereof .. .. 38,000,000 

Tobacco 35,000,000 

The chief imports for J1M14 5 are, in round 

numbers : 

Sugar $97,500, 00n 

( olfee 84,500,000 

Chemicals, drugs .. 65,000,000 

Hides and skins 65,000,000 

.Raw silk 61,000,000 

India-rubber 51,500,000 

Cotton manufactures 49,000,000 

Raw wool and hair 46,000,000 

Fibres, vegetable and textile grasses, manu- 
factures of 40,000,000 

Fibres, vegetable, and textile grasses, raw . . 88,000,000 

Diamonds and other precious stones . . . . 34,000,000 

Wood* and manufactures of 29,500,000 

Iron and steel, and manufact ures of . . . . 23,500,000 


Tho iron and steel exports are thus nearly six 
times tho value of stool imports ; whereas in 1885 
they were only half, in 189.3 one and a half limes 
the value of the imports. 

Countries with which the United 
States Trades. Tho United Kingdom is bv 
far the best customer of tho United States, and 
sends it most of its imports. Germany comes 
second in both capacities. The totals for the chief 
countries for 1904-5 are given in 1,000 of dollars 
in the subjoined table which students can examine 
in greater detail. 


Country 

Kxpoi tl t* 

Imports from 

Total Trud' 1 

United Kingdom . . 

„ 523,397 

175,812 

699,209 

Germany 

194,220 

118,268 

312,488 

Canada 

142.979 

63,054 

206,633 

France 

76.337 

89,830 

106,167 

Brazil 

10,985 

99,843 

110,828 

Japan 

51,719 

51,822 

103,541 

Netherlands 

73,298 

21,719 

95,017 

Cliinu 

53,453 

27,885 

81,338 


The United States is avast country nearly ns largo 
as tho whole of Europe, with a greater variety of 
climate and products, and with even greater mineral 
wealth. Consequent ly we must compare the vast area 
for internal trade which exists in the United States 
with that of Europe. The same fact should be 
borne in mind when wo compare the foreign trade 
of the United States with that of our own country 
or of any other single country in Europe. Within 
a very short time tho United States* foreign trade 
ought to far surpass that of any other country. 
This however, need give us no cause for 
patriotic misgivings. The world’s wealth of pur- 
chasing Is not a fixed and exhaustible quantity, but 
one that is ever increasing, and we may viow the 
suoeoss of other countries without alarm so long 
as our own trade shows no sign of shrinkage. 


Cottiinued 
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By FRED HORNER 


P RACTICALLY all the industries of the world 
are indebted more or loss to woodworking 
machinery. The hand methods of the carpenter 
or joiner are not applicable in manufacturing in 
quantity, and machinery, therefore, supplants the 
human element, with resulting advantages from the 
points of view both of output and of accuracy. The 
classes of operations include those of cutting, scrap- 
ing, and abrading, by which the cutting up and 
finishing of wood are cfTectcd. Both plane and 
curved faces are treated. The division of timber 
is carried out with saws in the first place, termed 
breaking down or breaking up, followed by resawing, 
which cuts if into smaller pieces of various shapes 
I hese are further treated on machines which plane, 
mould, mortise, tenon, carve, dovetail, turn, bore, 
smooth, and polish as required, some of the opera 
lions being obviously unnecessary on certain work, 
while op other classes every ( ne may be carried out. 
An important point, concern in i most woodworking 
machinery is that, of repetition work, ly which 
economical production is secured, by setting the 
machines to deal with definite sizes, and then 
limning them for all they arc worth, turning out 
hundreds or thousands of duplicate pieces, if 
possible. At the same time, jobbing work must he 
catered for: but the machines for this kind are, as 
a rule, simpler and plainer in construction than 
lliose for repetition work, being deficient in some 
nf the guides, special cutters, and other details 
employed. 

The Sawmill. The producers of “ wood 
goods,'’ as they are termed, have a very varied 
scope. There arc the sawmills, which limit their 
range to the production of sawn balks, deals, flitches, 
battens, planks, and boards, etc., which they supply 
to linns who work them up into finished articles ; 
others go further, and plane, mould, and otherwise 
convert the stuff into semi-finished or finished 
goods, such, for example, us various joinery, doors, 
sashes, mouldings, etc. Then there are the self- 
contained factories, which include their own saw- 
mill, and engage in the production of completed 
articles— frequently specialities, as furniture, carts 
• oid c uriages, railway work, boxc w , etc. One differ- 
ence between the last-named class and the sawmills 
proper often lies in their respective situations. The 
sawmills prefer to lie near the source of limber, or 
at least within range of its convenient transit by 
water or rail, which explains why there are so many 
sawmills in Canada, Scandinavia, and the other 
t imber countries. 

The British Isles receive a great quantity of timber 
bom Canada, Sweden and Norway, both in semi- 
linished and in finished forms, especially in the form 
of building requisites. The lumber industry, with 
which we are not directly concerned here, gives 
employment to a large section of men whose work 
it is to fell the trees, trim them, more or less, and 
convey them to the sawmills. The most economical 
method of conveyance is by water, but a certain 
amount of land transit is necessary before the logs 
can be sent into the water, the timbers being 
dragged bodily alone, or carried on carriages. 
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Position of Sawmill. The choice of posi- 
tion for the sawmill dcjiends on a good many 
circumstances. It is not sufficient to be within 
convenient touch of the timber- producing areas, 
but the method of passing the converted wood to the 
consumer has to be taken into consideration. There 
are four modes of conveyance to distances river, 
sea, road, and rail, the two tirst-numed being the 
cheapest. On the contrary, in inland districts, where 
there is no water available, or the products of the 
sawmill are simply converted into finished goods on 
the spot, the choice of position is not so important, 
but must depend on the railways, or in certain eases 
on roads. The question of getting coal for pro 
diicing the power to drive the mill does not often 
enter into calculations, as it would in many 
industries, because the waste chips and sawdust 
are utilised in the boiler furnaces, being con- 
veyed thereto by pneumatic conductors. Where 
a supply of electricity can be obtained cheaply 
the steam plant may be dispensed with alto 
gcthcr. Other sources of power are gas, oil, and 
water These subjects will be considered at the 
end of this cum sc. 

Lay=out of Mill. A sawmill should be de- 
signed in such a way that the logs are brought in at 
one end and pass right through to the other, and so 
out in their converted state, instead of being handled 
about to and fro, and perhaps even carried out, at 
the same place as they entered, with consequent 
interruption and hindrance to the sequence of 
operations. There are two classes of mills in which 
different, conditions prevail : those that have their 
logs brought by water, ami those that depend on 
railway transit. In the first ease there is no need to 
provide ground area for stacking the logs, because 
they are simply left in the water and dragged out. 
as required : in the second, a good space must be, 
provided, upon which a stock of logs is piled, to 
keep th(’ mill well supplied. This involves a gantry 
and overhead travelling crane, or a portable steam- 
crane to pick the logs up and place them on the 
stacks. The overhead traveller is the more useful 
type to adopt, because it completely covers the area, 
and does not gel in the way of the piles of timber. 
The crane must also run over the machines, in order 
that it may place the logs upon them. The capacity 
usually ranges up to If) tons, a 5- ton crane sufficing 
for the average mill, dips resembling those used 
for handling stone are employed to grip and lift the 
logs, the two pineer points penetrating into the 
wood as the chain is pulled up. When it happens 
that the logs have to be taken to (lie mill by road, 
a four-wheeled timber carriage is used, or a timber 
jitn, with two wheels and a bent axle, beneath 
which the log is slung. 

When logs are floated right up to the mill, they are 
drawn out of the water by a hauling chain, operated 
with a wheel or barrel and gearing. The chain either 
lms a hook on its end to hitch on the logs, or it is 
endless, and provided with several hooks, or dogs, 
which are brought into contact with the logs to 
pull them along up a slope leading from the water 
to the interior of the mill. 
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3. PLAN OF SAWMILL HAVING SUPPLIES BROUGHT BY WATER 
A. Boiler B. -J.vli.p. tandem compound engine Log-luiuling apparatus I>. IKMii. breaking-down frame E. 72-in. rack 
i tench with 40 tt. of talilo F. 6 ft. hy 3 ft. t> in. roller-feed saw bench <«, G. ft ft. by 3 ft. roller-feed saw benches H. 4 ft. 
by 2 ft. roller-feed saw bench .1. Cross-cut saw botieh K. Frame-saw sharpen ing-room L. Stoles and engineer’s shop 

M. Manager’s office Shed for cut timber 


Typical Sawmills. There are live classes 
of machines used for converting logs into deals. 
Hitches, planks, hoards, etc. They are. the jrainr 
saws, the horizontal reciprocating saws, the horizontal 
hand saws, the trrtical hand saws, and tin' circular 
saws. Before dealing with the various points of 
these it will he well to illustrate some typical 
sawmills, in order to gi\e an idea of the lay-out of 
the plant. The references to machines will he 
understood by comparison with detiils given later. 

Figure 5 gives a side elevation and plan of a 
mill laid out by .Messrs. A. Ransome & Co., Ltd., 
Ncwark-on-Trent, for a firm in Holland. The power 
is supplied hy a 27 ft. by (> ft. Cornish boiler. A, 
supplying steim to a 25-h.p. engine, B, running 
at 100 revolutions per minute. The flywheel is 
lad ted to a pulley on a line of shafting lying below 
the Jloor level, a method of driving which is 
usually followed in sawmills because it leaves 
the ill i 1) entirely clear for the handling and 
passage of timber, and does away with the 
trouble consequent upon suspending heavy shafts 
and pulleys from the roof, where, moreover, they 
would be in the way of the cranes. In this 
respect the practice is exactly opposite to that of 
machine shops, which hive overhead counter- 
shafts, fixed in the roof or on walls, to drive down 
to the machines. Tn the sawmill the shafting is 
carried in bearings iixed in a cellar below 
ground le\ el, and the belts pass up through 
the flooring to the machine pulleys. 

The chips and sawdust also fall into 
the underground cham- 
ber, whence they are con- 
veyed to the boiler fur- 
nace, thus leaving the 
floor always clear. The 
1 arrangement also gives a 
good foundation to the 
bearings, and tends to 
reduce vibration at the 
high speeds necessary. 

In the mill under con- 
sideration the engine and 
boiler-house is separated ^ ^ 
from the mill proper, the 
latter being a buildinv 


02 ft. long by 30 tt. wide. The logs are first 
passed on to the table of the 48 in. log frame, 
(\ taking logs up to 50 ft. in length, the carriage 
nmniiig upon rollers laid on the floor of tho 
mill from end to end, as seen in both views. A 
21-iu. by H-in. deal frame, 1), is located alongside 
to cut the deals into boards. 

Mill for Water=borne Logs. A type 
of mill which has its raw material brought bv 
water is illustrated in 3 and 4, the tirst being a 
plan and the second h cross-sectional view. The 
list of references beneath the former indicate 
the position of the various machines. As seen in 
the section, the line of shafting is carried in bearings 
mounted on brickwork piers in the tunnel extending 
across the mill from just inside the engine-room. 
The mill is 144 ft. long by 40 ft. wide. It will bo 
noticed that the logs are lioated right inside by 
having a water inlet (marked “ Water'*) loading from 
the river, the hauling apparatus at the end of tho 
channel dragging the logs out, after which they aio 
lifted by the overhead hand traveller |see 4J and 
placed upon the carriage of the log frame, and 
treated afterwards on machines of other classes 
for further cutting up. This example is that of 
a plant supplied to a linn in Bankoff, by Messrs. 
W. B. liaigh & Co., Ltd., Oldham. 

Riverside Mill. A very complete class of 
sawmill, which includes, besides the frame- 
saws, a number of circular-saw benches, is 
shown in 6, from a design by Messrs. 
John McDowull & Sons, Johnstone. 

Tho references beneath 
are fully explanatory. 
The logs are brought in 
this instance by river, and 
are hauled up two shp- 
^ ways, a method which is 
very commonly adopted. 
Trolley- ways passing in- 
side tho mill communi- 
cate with outside lines of 
rails, enabling the sawn 
products to be taken out 
expeditiously. The large 
number of machines re- 
quire the installation of 
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iwo lines of shafting below the 
Jloor, driven by ropes from the 
engine, which is supplied with 
steam by two Lancashire boilers, 
with sawdust- burning furnaces. 

Although by far the greater 
number of mills aro fitted with 
driving gear of the types de- 
scribed, the electric motor is 
tending to alter the existing 
state of things, and to do away 
with much of the shafting, belt- 
ing, and expensive foundations 
required. The motors are 
mounted close to the machines, 
driving direct, or through the 
medium of belting. 

A Railway Shop Saw- 
mill* An excellent idea of the 
appearance of a sawmill may 
he gained from the photograph 
|1], taken in the Carriage and 
Waggon Department of the 
Midland Railway Company’s 
works at Derby, and shown here 
by the courtesy of the super- 
intendent of that department, D. 
Rain, Esq. A large quantity of 
timber is used by the company 
in connection with the product- 
lion of carriages and waggons, 
and carts, drays, barrows, etc. 
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including repairs. 
The average annual output is 5,500 new waggons 
and 200 carriages. A gantry is provided outside 
the mill, carrying two overhead travelling crane-*. 


which pick the logs off the* railway trucks, and set 
them on u cross-cut saw which cuts them up into 
suitable lengths. The mill, which has a floor space 


of about 10,000 square 






yards and is driven by 
engines developing about 
800 I. H.L\, lias a cellar 
in which the shafting and 
belting are placed, m the 
manner previously men- 
tioned. An overhead 
traveller is seen in I he 
illustration, holding a 
short balk, and various 
circular-saw benches and 
frame-siws arc visible. 
The aim in the design 
of the mill is to keep 
the timber moving in 
a straight line as much 
as possible from end to 
end, passing on the way 
to other machines that 
re-saw, plane, mortise, 



6 . ARRANGEMENT OK A LARGE SAWMILL 
A, A. Lancashire boilers B. Compound condensing engine <\ Engineer’s repair shop and 
saw-Bharponing room D, D. Log haulers K. fi4-iu. steam saw frame F. 24-in. vertical 
log frame G. 78-iu. rack saw bench with 50-ft. tables H. 72-iu. rack saw bench with iiO-ft. 
tables J, J. 7 ft. 2 in. by 8 ft. 2 in. circular saw bouches K, K, K, K, K, K. 0 ft. by 3 ft. 
circular saw benches L, L, L, L. 5 ft. by 2 ft. 6 in. circular-saw benches M, M. Swing 
cross-cut saws N. Shingle machine 0. 0-ton travelling crab on beams 

Continued 


tenon, etc. 

Figure 2 represents a 
rather different lay-out, 
and shows the interior 
of the sawmill of Messrs. 
Marshall. S< ns & Co. 
The machine in the fore- 
ground is a horizontal 
band-saw, a ml a. trolley 
track runs the length of 
the building for the easy 
conveyance of logs and 
sawn timber. The view 
illustrates the system of 
roof lighting and the 
loftiness of the build- 
ings, a feature which is 
not always found in the 
average mill. 
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A TRADE OF DEATH 

Science and the Drirk Question. Alcohol and the World. The Chief 
Factor of Death and Destruction. The Truth about Alcohol and Physique 


By Dr. C. W. SALEEBY 


MOTHINd could bo more unfortunate than that 
wo should imagine sociology to bo a kind of 
“ high-f dutin ” series of speculations, which 
takes no cognisance of the actual life, its failures 
and suecessos, its joys and sorrows, of “ a being 
such as man in a world such as the present.” 
The desire to remove any such impression is one 
amongst many reasons which leads us at this 
stage to consider the question of the production, 
distribution and consumption of alcohol in 
modern civilised communities, with s|K*cial 
reference to our own. 

The Trail of Alcohol. This affords us, 
in the words of I)r. Sullivan, a writer who has 
lately made an extremely valuable contribution 
to the subject, “a study in social pathology.” 
Tlie social organism, like the individual organism, 
is subject to weakness, to disease, and even 
to death ; though if we regard any society 
as but a unit in the structure of the whole 
society of man, we shall find it necessary to 
qualify this last statement. Now, the student 
of the diseases of society finds himself con- 
fronted at every turn with alcohol ; his particular 
interest may be crime, insanity, feeble-minded 
ness, racial degeneracy, vice — but whichever it 
be, the trail of alcohol is over them all. It 
becomes necessary, then, for the truly scientific 
student to consider this common factor of all 
social diseases in as special and at the* same 
time in as comprehensive a manner as may be. 

The subject has a further educational value 
for us because to-day we may recognise in it 
the very best possible illustration of what we 
have already declared to be the peculiar character 
of sociology. 

Sociology the Sum of all the Sciences. 

We saw that, like medical science itself on a 
lower plant*, sociology depends upon other 
sciences which precede, it in order of causation 
and in order of complexity. Sociology we 
declared to bo the crown, the sum -nay more, 
the very synthesis of all the other sciences. 
Thus, to choose yet another illustration of this 
vastly important proposition, let us take the 
old biological quarrel of the inheritance of 
acquired characters. Lamarck and Weismnim 
aw not sociologists but biologists, and it might 
\ be that during the whole of the controversy 
between their supporters no word was ever 
heard of man nor, indeed, of any living creature, 
except, perhaps, sweet peas. Yet the issue of 
the controversy obviously is of the utmost im- 
portance to the sociologist, who is not a mere 
student of society as it is, hut who has the future 
to serve. The whole theory and practice of 
education, the whole theory and practice of 
parentage, take on an entirely different aspect 
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according to the answer returned to this 
question. 

Now, the same is the case with the problem 
which we are about to consider. Sociology 
could, of course, study certain aspects of it at 
any time — even in the period of pre-scientifie 
medicine : but, to state the issue in somewhat 
unqualified terms, is it not evident that the 
sociologist who believed alcohol to be a necessary 
food could never really have any common 
ground at all with him w ho believed to be a 
poison ? Is it not, indeed, obvious, when we come, 
to think of it, that, let us say, the microscopical 
observations of the pathologist, working in the 
laboratory upon the minute study of the tissues 
of, perhaps, an intoxicated mouse, should make 
all the difference in the world to no less a person 
than the would-he philosophic student of social 
institutions, in whose eyes mice and microscopes 
are mere dirt ? 

An Epoch in the DrinK Question. 

But, of course, the really philosophic student 
would not hold such an opinion ; he would know 
the danger of calling anything common or un- 
clean ; ho would realise tin* fundamental unity 
of life and the relevance of its laws throughout 
•all its manifestations, low or high. And whilst 
he rightly regarded man as essentially a spiritual 
being, and society as therefore essentially a 
spiritual organism, he would yet remember that 
man is also an animal, subject to the laws ot 
animal life, and that, if alcohol has a particular 
action upon the protoplasm of the tissues of a 
mouse' — nay, even the protoplasm of the tissues 
of a fern — the fact is a fact for him. 

Therefore, notwithstanding the common 
practice — or rather warned by the consequences 
of the common practice — of studying the alcohol 
question without having any knowledge of 
biological principles, and notwithstanding the 
possibility of encountering students who will 
say, “ What, on earth has all this to do with 
sociology ? ” we must begin our study of this 
subject by acquainting ourselves with such facts 
as the prior sciences can afford us. The full 
equipment for the study of this question in- 
volves months of hard reading devoted to the 
study of the basal, biological, or physiological 
facts — not to mention the pathological facts — 
ignorance of which would deprive our further 
efforts of almost all their value. This is very 
slowly coming to be recognised, and it marks 
an epoch in the history of the alcohol question- 

Science and the Temperance Re* 
formers. It always does mark an epoch in 
the history of any question when science is 
brought to bear upon it ; when to goodwill is 
added knowledge. The earliest temperance 
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reformers corresponded in no small measure to 
the noble men and women who visited the fever- 
haunted gaols of not so long ago, moved simply 
by love, and who were the forerunners of modern 
criminology, which adds knowledge to goodwill 
and charity. The earliest temperance reformers 
iiad not knowledge, but they had the fundamental 
thing, which is goodwill. They witnessed the 
obvious evils of intemperance ; they were stirred 
by noble emotions ; and, futile though their 
efforts must have appeared, yet their emot ional 
propaganda was the necessary beginning, as in 
all other cases, of the work which is being done 
to-day. In part of the course on Psychology we 
saw that emotion is the author of will ; know- 
ledge is merely its eye or pilot. And we, in a 
more scientific age, have no right to despise the 
pioneers for their ignorance. Had we lived in 
their time we should have been ignorant like 
them, and might have been inert and careless, 
as they were not. Not much longer shall it 
be ere, having armed goodwill with knowledge, 
love with science, we shall sing with 'Penny won 
in “The Princess ” : 

“ Our enemies have fall’ll, have fall'll : the seed. 

The little seed they laugh’d at in the dark, 

Has risen and cleft the soil, and grown a bulk 

Of spanless girth, that lays on every side 

A thousand arms and rushes to the Sun.” 

The End of Science is Truth, And 

here we need a warning. Our original motive 
may be curiosity or sentiment, and tin* goal 
towards which we aim may be the possibility of 
doing something, but in the intermediate stages 
we must be scientific if we can, and wc must not 
permit ourselves the luxury of accepting a brief 
and trying to see how good a ease we can make. 
The client of science is no person or party, and 
mII victories other than the discovery of truth arc 
defeats. We. shall see that fanaticism, which 
tenders good service and bad service in every 
cause, lias done so in this ; and whilst we may 
admire its sincerity we must absolutely repudiate 
its temper. First, then, as to basal facts, for 
which we have the positive evidence of the 
various sciences whose business it is to study 
them. 

Here, perhaps, is some reward for the plan 
which the Self-Educator has consistently 
followed. We may turn back from the study 
of sociology to the prior science of chemistry, 
and may recall the facts winch were slated when 
we were studying it several months ago. On 
pages 3016 to 3021 we discussed the specific 
chemical and bio-chemical properties of alcohol. 
We alluded to the young science whose business 
it is to study the action of all kinds of chemical 
substances upon living matter. We discussed 
the relation of alcohol to the temperature of the 
body, its action upon nervous tissue, and wc 
came to the conclusion that in general terms it 
is a food and a poison too. 

Alcohol Does not Give Strength. 
The reader is asked to turn back to those 
pages before he proceeds with the question 
now before us. To what was there said 
k*t< us add that various researches published 


since those words were written point more 
strongly than ever in the direction which they 
indicate. It is now actually dubious whether, 
even with the best intentions to do justice to 
alcohol, wc can any longer admit its claim to 
rank as a food at all. Its structure tells us 
that it is incapable of making tissue, and it 
seems more than probable that, oven when 
alcohol is taken in such a fashion that part or 
all of it is oxidised in the body, the oxidation 
does not yield energy which the body can 
utilise. Alcohol belongs in all probability to 
the class of “ pure thermogens ” (or heat- 
makers), as distinguished from true foods or 
“ bio-thermogens,” such as fats, carbohydrates 
and proteids, which become incorporated in 
the anatomical elements and supply their vital 
needs. Recent careful study of the whole 
evidence bearing on this question shows that 
alcohol does not serve as a source of muscular 
energy, “ and that its use as a stimulant for 
work depends altogether on its excitant action 
on the psycho -mot or centres, and has no relation 
to its food value.” |The quotation is from a 
newly -published little book of the utmost interest 
and value, much of the wisdom of which has 
boon transferred to these pages. Its title is 
“ Alcoholism : A Chapter in Social Pathology” ; 
and the author is Dr. W. 0. Sullivan, of IVnton- 
x ilk'. J. Nisbet and Co. 3s. 6d.] This excitant 
action of alcohol is transient and must be paid 
for. F urthermore, there will be found in Professor 
Metchnikofl’s great work on “The New' 
Hygiene” — which will probably appear by the 
time these words are published— conclusive proof 
that alcohol, in any dose, directly paralyses the 
protective white cells of the blood. 

Science's Indictment of Alcohol. 
Thus, we now r know where wo are, so to speak. 
Half a century ago the sociologist, if he had 
attempted to make a sociological study of 
alcohol, would have found it difficult to con- 
tradict or to escape from the orthodox medical 
opinion of the time that alcohol is, except in the 
rarest possible cases, a necessary article of diet, 
and that any one who tri(*d to do w ithout it was 
a fool. The practical social problem of dealing 
with alcohol and the fads which it causes would 
have presented an entirely different character. 
The problem would have been to control, if 
possible, the abuses of alcohol, whilst at the same 
time extending its opportunities for usefulness. 
Thanks, however, in the first place, to the 
humanitarians, and also, of course, to the 
general progress of science, we stand now in a 
wholly different position. Essentially and pro- 
perly, alcohol is a drug, and a poisonous drug. 
It is not needed by any healthy person ; it 
tends to make more difficult, the maintenance 
of health ; its possibilities of use in disease are 
daily being more gravely questioned, the sole 
remaining one of any importance— that of its 
action in fever — having lately been proved 
false by authoritative, and absolutely unbiassed 
w itnesses, and the general tudy of the human 
race at large has shown that the alcohol problem 
is only the most important form of a more 
general one — the most important because it is 
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the form in which that general problem affects 
the most advanced and progressive nations 
of the earth. 

English Alcohol is Worse than 
Chinese Opium. We now see that every- 
where men employ narcotics if they can 
obtain them, and of such strength as they 
can obtain. We talk in horror-struck tones of 
the opium trade in China and we art* aware of 
the enormous quantity of opium which is used 
in our own dependency of India. Blinded by 
familiarity and race-prejudice we do not realise 
that our own use of alcohol is precisely on all- 
fours with the use of opium in the East ; except 
that the ravages of alcohol are immeasurably 
worse, there is nothing to choose between the 
two cases. 1 1 is a fact of t he human constitution 
that in general it finds attraction in the use of 
narcotics. Usually one narcotic serves its turn. 

In general, the races which use opium do not 
use alcohol, and those which use alcohol do not 
ust‘, opium : but there is not the smallest scientific 
distinction between the public-house and the 
opium don. Tne fundamental biology and 
physiology of the two cases are one and the 
same, and a visitor from sonic older planet, 
which had reached a higher stage of progress 
than any we have yet attained on the earth, 
casting an impartial eye upon China and Eng- 
land, and in his wisdom allotting no hasty 
blame to either country, would certainly say 
that the English vice was worse than the Chinese. 
It strikes our self-satisfied minds as a piece of 
impertinence that Japanese or Chinese of great 
advancement should propose to send mission- 
aries to England in the attempt to cure us of 
our alcoholism. They have even more reason 
to do so than our humanitarians have reasons 
to make efforts to control the use of opium in 
China. Tncre is no worse bias than the bias of 
race, and there is no more pitiable illustration 
of it than the present case affords. 

A Blackguardly Trade. Since we 
are attempting to take a wide view of this 
subject it is necessary for us briefly to consider 
the relations of alcohol to the advancing borders 
of civilisation. This multiplication and dis- 
semination of the civilised peoples is, of course, 
a great world-fact, to which alone a sociological 
genius might devote many lifetimes. In 
general it involves the destruction and dis- 
appearance of lower races. This is the fact, 
our present concern being not to pass any 
judgment upon it but to recognise it. The 
main agents of this destruction are the diseases 
unintentionally introduced by tin' missionary 
and the alcohol intentionally introduced by the 
trader. This last is one of the most black- 
guardly and abominable kinds of trade which 
any history could conceivably record. The 
natives have hitherto been able, in their ignor- 
ance, to brew liquors containing only very small 
proportions of alcohol ; but the trader brings 
them raw whisky or even potato-spirit — the 
reader of the course t .1 Chemistry will remember 
the sequence: potato, starch, sugar, alcohol. 
Both in the case of the missionary’s consumption 
and the trader's whisky there is introduced 
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into the environment of the native a new factor 
against which he has hitherto undergone no 
evolution. Natural selection has done nothing 
to eliminate the susceptible. No gradual 
immunity has been acquired by the individual — 
as many of us probably acquire a gradual 
immunity against tuberculosis or consumption — 
and the consequence is wholesale slaughter. 
Observe that- we are passing no judgments as 
to whether this may or tnay not be the shortest- 
way out of a terrible difficulty, though for our- 
selves we are very strongly convinced that il- 
ia not. At any rate there is the fact. The 
greatest student of this remarkable question is 
Dr. Arehdall Reid, to whom all serious thinkers 
are deeply indebted for his courageous and 
single-handed efforts to establish facts of such 
great importance. But most important for us 
is, not the action of alcohol at the advancing 
borders of civilisation and its terrible efficiency 
as a means of advance — if such advance be really 
advance— but its action within the acknowledge! 
territories of civilisation itself. 

The Three Reasons for Drinking. 
And here let us follow Dr. Reid, and clear the 
issue by beginning at the beginning. Alcohol is 
manufactured in response to demand, ft is true 
that under present conditions, which are essen- 
tially false, everything is done by those* inter- 
ested in gratifying the demand in order to 
stimulate it and make it- even more urgent than 
it would otherwise be. But the fact remains 
that tin* demand exists, in the lirst place, just 
as the demand for opium exists amongst Eastern 
civilisations. Now, in the case of opium there is 
no confusion as to the demand for it. Tt is used 
because of its action upon the nervous system, 
in the case of alcohol the issue is confused, and 
more's the pity. Let us make if dear, then, that 
“ men drink alcoholic solutions for three distinct 
reasons— to satisfy thirst, to gratify taste, to 
produce a direct effect on the brain.” “ But, 
though men drink for three separate reasons, it 
must not be supposed that- all drinkeis arc 
sharply separable into three distinct, categories. 
The same man, at the same time, may drink to 
satisfy his thirst, his palate, and his craving for 
drunkenness. Or at first lie may desire to satisfy 
liis thirst, next to gratify his palate, and lastly 
he may seek for intoxication. Or again, at the 
beginning of his drinking career ho may drink 
primarily to satisfy his thirst, or taste, and, at 
the end, primarily to gratify a craving for 
intoxication. The fact- remains, however, that, 
while many men drink merely to satisfy thirst 
or taste, the principal motive with others is to 
obtain those feelings of intoxication |or organic 
satisfaction] which alcohol produces when 
acting, in considerable volume, directly on the 
central nervous system.” (“ Alcoholism: A Study 
in Heredity.” By Dr. Arehdall Reid. Fisher 
Unwin, 1901.) 

The Price Man Pays for Pleasure. 

Now with the first two kinds of drinking we 
have no concern here. They are not of the 
smallest importance, except because of their 
extreme liability to lead to the third kind. The 
thirst can be gratified without alcoholic beverages. 
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and, as a fact of physiology, is a thousand timeB 
better so gratified. The gratification of the sense 
of taste is almost the lowest form of physical 
pleasure, and thcro is, of course, no distinction 
between the connoisseur who enjoys his fine wine, 
the smoker who — like the present writer, who 
lias no bias —enjoys a good cigar, and the hog 
who enjoys the flavour of a well-mixed hog 
wash. The gratification of the sense of taste is 
not to be condemned as improper, but when the 
lives and souls of men, women, children, and 
civilisations are involved, interference with such 
gratification is the most trivial of all trivial 
circumstances, Practically, then, we are entitled 
to regard alcohol as a narcotic drug which, like 
other narcotic drugs, exercises att raetive (though 
transiently attractive) properties upon the 
human organism. Subsequent consequences are 
more or less undesirable, but, as moralists in all 
ages have observed, it is a difficult matter for 
man to resist the immediately pleasurable, even 
though he knows that he must afterwards pay 
an inordinate price for it. 

The Rubbish about Alcohol for 
Women. The social results of alcoholism, of 
course, depend upon its individual results, and 
the character of these is now beyond dispute. 
When it was discovered how to make an excep- 
tionally strong alcoholic solution, the name of 
aqua vitiv , or water of life, was given to it. We 
now know that the proper name for such a fluid 
is aqua mortiti — water of death. The nursing 
mother may still be ordered stout and porter as 
aids to her great function. We now know that 
nothing produces milk like milk itself, and that 
t ho alcohol taken by such a mother passes in 
her milk to her child, in whom it may produce 
lamentable consequences — none the less lament- 
able because not obvious. It is our business here 
to brush all this rubbish aside, and to estimate 
as best we may the social consequences of this 
drug, which wo have already stated to be in- 
volved inextricably in what are called the 
diseases of society. But lirst of all let us deal 
with physical disease. 

The Registrar-General reports the percentage 
of deaths due to alcoholism as about 1 in 20,000. 
This means nothing at all, except that before 
you begin to interpret death certificates, it is 
well to know the conditions under which they 
arc filled up. It is extremely probable that even 
* the highest estimates, based on medical returns, 
fall short of the actual truth,” but even if only 
120,000 deaths - a modest estimate — annually 
result from the uso of alcohol, this means about 
one-sixth of all deaths, including the infant 
mortality. 

Alcobol Makes tbe Bed of Con* 
sumption. The proportion, then, even on this 
very moderate estimate, would be much more 
than twice as great as the death-rate due to the 
most deadly of all other known diseases, which, 
of course, is tuberculosis. The great French 
physician, Landouzy, has said that alcoholism 
makes the bed of tuberculosis. In patients 
dying of alcoholic neuritis, four out of five 
aro found to have consumption. Leading 
authorities both in France and in America 


estimate that about one-half of all eases of 
tuberculosis — which kills 00,000 poisons in this 
country every year— are due to alcohol. Exceed- 
ingly interesting questions arise, of courses as to 
the exact relation between tie drug and the 
disease. They do not heio concern us. The out- 
standing fact is that, apart from all deaths due- 
direct ly to morbid tissue changes caused hv 
alcohol, we must include every year, in our own 
eountiy alone, tens of thousands of deaths which 
are returned as being due to tuberculosis. To 
the *se would have to be added an enormous num- 
ber of deaths due to pneumonia or inflammation 
of the lungs, which is much the most deadly of 
all acute diseases. 

The Appalling Death=.roll of Alcobol. 

Again, there would be a largo numbe*r of deaths 
due to various vicious diseases, in the causation 
of which alcohol is a most impnitant factor. 
Indeed, it is impossible to question the now 
long-proved fact that in what is commonly 
regai ded as the normal, reasonable, respectable 
death-rate of such a community as ours this 
utterly unnecessary, artificial, and man-made 
factor of alcohol far outweighs, directly or 
indirectly, all other factors put together. 
We have said nothing here as to this appalling 
relation between alcoholism and infant mo- 
tality, hut, of course, an entire book would b-* 
necessary adequately to state the indictment 
of alcohol in its relations to death, and the 
sooner some highly competent student writes a 
book upon “ Alcohol and Death ” the better. 

A leading London paper has lately published 
a long letter from which the latter part may be 
quoted ill full. It represents in its most pci feel 
form an argument, the unspeakable imbecility 
of which the most ignorant critic can recognise 
but the greatest literary genius could not 
adequately express : 

‘‘Sir, -The licensed trade, in which l am not 
engaged, and the customers of the licensed trade, 
to whom L do belong, ate useful citizens. They 
contribute enormous sums to our annual revenue 
in income tax, excise, and many other ways. I 
need not quote figures, but if 1 spend flO a 
year on beer, the State gets at least £1 Lis. out 
of it, and the teetotaller, who pays no contribu- 
tions of this sort at all, receives the benefits, 
and considers himself socially and morally a 
superior being. The liquor trade may lie wealthy, 
but it has enormous burdens, and sensible people 
will remember that so long as the proverbial 
goose is treated after the manner of other fowls, 
wo may expect a continuous supply of his 
valuable -eggs. The senseless fanaticism that 
would rip him up should lie opposed with the 
utmost eneigy in Parliament and in the Press 
by all practical persons who have the commercial 
interests of the country at heart.” 

Alcohol and the Race. We shall return 
later to this incomparable masterpiece. That 
anything articulate should be capable of such 
folly is as remarkable as any fact on record. 
The mere drivelling of insanity is the pearl of 
great price compared with it. Meanwhile, we 
may briefly note that distinguished Frenc h 
publicists estimate the annual cost of alcoholism 
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to the French State in scores of millions of 
pounds. In making any such estimate it is, 
of course, the death-rate that would furnish 
the first item. But on any reasonable estimate 
of the average monetary value of a life this first 
item could not figure nearly so large as others 
which would follow it If alcohol killed as a 
man is killed by a motor-car accident, then the 
alcoholic death-rate might furnish something 
like an index of the cost of alcohol to the State. 
But that, of course, is not its method, and the 
significance of the difference cannot be measured. 

Still confining ourselves to the physical 
consequences of alcoholism— -in so far as it is 
possible to make a distinction between the 
physical and the psychical aspects of a drug 
which acts on the organs of mind— we must 
now approach the important question of the 
action of alcohol upon the physique of any 
race. 

The Poisoning of the Germ of Life, 

It was specially with reference to this approach- 
ing question that we referred to Die biological 
controversy concerning the inheritance of 
acquired characters. The common-sense view 
was long held that the children of a drunkard 
would Ui apt to start life with an injured 
endowment. Then there was advanced the 
famous “ germ-plasm ” theory of Weismann, 
and the categorical and dogmatic denial that 
acquired characters can be transmitted by 
inheritance. In their eagerness to prove the 
impossibility of such transmission, many of the 
followers of Weismann including even I)r. 
Archdall Reid, who seems to most of us so 
accountably astray on this question — have 
declared that the old common-sense view is a 
myth. They incline to suppose that the germ- 
plasm is inviolable — nothing can touch it What- 
ever accidents or disasters or diseases may affect 
the parental organism, the germ-plasm, of which 
it is the host, passes on unscathed from genera- 
tion to generation. 

Such ludicrous statements, due to excess of 
zeal, clearly prove how excess may confuse even 
acute minds. The transinissibility of an acquired 
character, which Lamarck asserted, and Weis- 
mann denies, is utterly distinct from, let us say, 
the poisoning of the germ-plasm by alcohol. 

The Soaking of the Germ»plasm in 
Alcohol. There is certainly no conceivable 
moans by which the much-used biceps of the 
blacksmith can affect his germ-plasm so that his 
child will start life with a bigger biceps than he 
would have had if his father had been v, clerk. 
But just as such a process is inconceivable, so it 
is inconceivable that a poison, circulating in 
every tissue of the body, present alike in the 
blood and the lymph, should fail to injure the 
germ-plasm which depends upon that blood and 
lymph for its life. Suppose that the persistent 
application of alcohol to a finger-nail caused it 


to become horny, that would be an acquired 
character which could not thinkably be repro- 
duced in the germ-plasm; sueh reproduction 
would be a case of Lamarckian transmission of an 
acquired character. What on earth has this case 
to do with the actual soaking of the germ-plasm 
itself in a solution of alcohol ? 

When we clearly analyse the facts wc see 
that the consequences of the application of 
any other poison, or a crowbar, or half a brick, 
to the germ-plasm have no more to do with 
theories of heredity proper than they have to 
do with the authorship of the Pentateuch. 

Alcoholism and Parentage. The study 
of heredity, and all the theories of it, are concerned 
with the manner in which the young organism 
tends to resemble or to differ from its parent in 
virtue of the inherent laws and properties of 
living matter. The question of the applications 
of poison to the germ-plasm, or to the fertilised 
ovum, or to the child before birth, or to the child 
after birth, is a vastly important inquiry, but 
it is no proper part of the actual study of heredity, 
and the facts which are elucidated in the study 
of this question are utterly independent of the 
opposed theories of heredity. Of course, if the 
upholder of the theory of the continuity of the 
germ-plasm imagines it to mean that the germ- 
plasm could not be pulverised by a steam- 
hammer, or killed by prussic acid, or killed or 
injured by alcohol— well, then, so much the worse 
neither for the theory nor the fact, but for his 
intelligence. 

We may lurn, then, to the study of the social 
facts, untrammelled by any theories or counter 
theories of heredity, or. rat 1 mm*, we may thank the 
latest and most brihiant theory — that of Weis- 
mann — for presenting the facts in such a manner 
that any escape of the germ-plasm from alcohol 
contained in the blood uhicli nourishes it is 
unthinkable. 

The Children's Curse. What, then, do 
we find ? We have no choice but to believe that 
the effects of alcohol extend to the next gene- 
ration. It may be, and not infrequently is, that 
the alcoholic is already a degenerate, and since 
he is so, his children will also be degenerate, 
alcohol or no, and being degenerate, will very 
likely become alcoholic. But vastly excessive 
importance has been attached to inborn degene- 
racy as a cause of alcoholism. Proof of this 
is easily to be found in Dr. Sullivan’s study of 
Industrial Drinking, in the invaluable book to 
which we have already referred. No one who 
knows anything about it imagines that, as a 
nile, or even in one ease in a hundred, the 
alcoholic labourer was a degenerate from his 
birth : but there is every reason to believe 
that bis children may be made degenerate from 
their birth. Products of germ -plasm bathed 
for years in alcohol, what else could be expected 
of them ? 


Continued 
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By Professor HENRY ROBINSON 


Hydraulic Power. In utilising water 
pressure for power purposes we shall first ton- 
sider the subjeet in regard to the employment 
of water pressure in mains by the artificial aid 
of pumping engines before treating of the 
natural pressure due to heads of water in 
reservoirs or waterfalls. The facility with which 
water under pressure can be transmitted to 
great distances was first recognised by the late 
Lord Armstrong, and resulted in the system 
being adopted in numerous railway depots, 
docks, etc., and afterwards in many towns, one 
of which was Hull, where the writer carried out 
the first scheme of public supply of w ater pressure 
under an Act of Parliament , and this has been 
followed by similar installations in many towns 
in England and abroad. 

Hydraulic Pressure. The pressure in the 
mains is obtained by pumping water at a central 
station against a weighted “ accumulator,' ’ 
which gives the artificial head according to the 
load in it. The accumulator consists of a 
cylinder containing a ram, the top of which 
either carries a cross beam, to which is suspended 
an iron ease filled with the weighting material, 
or a series of weights are attached to a cylinder 
outside the ram. As the water is [jumped into 
the cylinder (the mains being filled) the ram 
rises to the top of its stroke, and if the water 
that is drawn off from the mains to work the 
machines that are actuated bv the water 
pressure is less than that which is being pumped 
into the accumulator, the engine is automatically 
stopped by means of a chain connecting with 
the steam throttle -valve of the engine, and 
water ceases to be pumped into the accumulator. 

-Figure 35 illustrates an accumulator made by 
the Hydraulic Engineering Company. The 
water is pumped into the cylinder B through 
C, raising the ram A, to which is fixed the cross 
beam D, carrying the weights \V. A means of in- 
tensifying the pressure 
is afforded by an ar- 
rangement such as that 
shown in 37. 


Low r - pressure water is conveyed through the 
pipe A into the cylinder B, in which is a piston, 
and the pressure exerted on it is transmitted by 
the small ram T) to the water in the second 
cylinder E. giving an increased pressure in 
proportion to the areas of the piston C and the 
ram 1). The water from the pumps, for power 
purposes, enters through the inlet (4 and passes 
out at H to the machine to be worked by it. 
No water is consumed from the low-pressure 
cylinder : it is simply driven back by the 
force pumps into a low-pressure accumulator or 
main. 

Besides the artificial head which an accumu- 
lator produces, it also acts as a storage of 
energy. For instance, an accumulator with a. 
ram 12 in. in diameter, and with a stroke of 
22 ft., when at the top of the stroke, and with 
water at a pressure of 750 lb. per square inch, 
stores the following amount of energy : 

Area of 12 in. ram 113*01)7 sq. in. 

Energy stored 113*007 sq. in. ** 750 lb. 

"\< 22 ft. 1 ,800,150 foot 1U, 

1 .866,150 r „ rl , 

• - 56*5-liorse power acting for one 

33,000 minute. 

The combined efficiency of the hydraulic 
pumping engine and the accumulator varies 
from SO per cent, at slow speeds of working to 
about 70 to 75 per cent, at high speeds. 

High-pressure Water. The transmission 
of high-pressure water is usually at a velocity of 
about 3 it. per second, but higher velocities are 
possible, as thereby the power transmitted in a 
unit of time is increased. For instance, at a 
velocit y of (i ft. per second the power transmitted 
would be double that of 3 ft. per second. 

Where cast-iron mains are used, the internal 
diameter is generally from 6 in. to 7 in. Steel 
tubes are employed with larger 
diameters. One 12 in. in diameter 
has been employed to convey I I 

water at a pressure of 750 lb. per LI 

square inch. The advantage of the I ‘I 
larger pipe is that if a fi-m. main I I 
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will transmit a certain gross horse-power at a 
given pressure, a 12-in. main would transmit four 
times the horse-power a( the same pressure. 

The best manner of jointing hydraulic pipes 
has been the subject, of much practical experi- 
ment. A gutta-percha, ring has been adopted 
as the best means for preserving a watertight 
joint. Where hydraulic mains arc exposed to 
heat, leather rings should be employed. Figure 
36 shows the method of jointing a 5-in. hydraulic 
main. 

.Mr. Filing! on lias designed a modified form of 
this joint by putting a projection on the pipe 
beyond the flange, the spigot and faucet being 
formed on this projection. The effect is to 
increase, the depth and the strength of the 
flange without an increase of its section at 
the junction between the flange and the pipe. 

Loss by Friction. Tin* loss of pressure 
due to friction in the mains may be taken as 
insignificant in the ease of high-pressure systems. 
With low-pressure water the loss is more appre- 
ciable. The writer's hook on “ Hydraulic 
Power and Hydraulic Machinery ” deals fully 
with the numerous purposes to which hydraulic 
power is applied. It, must suffice here to 
enumerate the principal ones. They are cranes, 
goods hoists, jiggers, elevators, lifts, swing 
bridges, dock gates, sluices, capstans, shop 
tools, pipe welding, plate bending and flanging, 
forging, shearing, riveting, drilling, presses, 
excavators, pile sinking, working guns on mcn- 
of-war and land defences, machinery on board 
ship, etc. 

The advantages of a system of power distri- 
bution by water pressure have long been recog- 
nised. It should, however, lx? noted that all 
machines or motors worked with it consume 
the same amount of water, whether they are 

mn 


loaded to the full capacity of the apparatus or 
only partially so. 

Hydraulic Apparatus. Figure 38 is one 
of Sir W. G. Armstrong, Whitworth & Co.’s, Ltd., 
movable hydraulic cranes for shipping coal direct 
from trucks, and 39 is a coal-tipping hoist made 
by the same firm. 

in 40 is shown one of the Hydraulic Engineer- 
ing Co.’s double power jiggers, as employed for 
suspended lifts, cranes, etc. 

Figure 41 is one of Messrs. Bailey & Co.’s 
hydraulic capstans. The capstan is set in 
motion by pressing down the knob P with the foot . 

An illustration of the employment of hydraulic 
machinery in the form of a crane on board 
ship is given in 42. 

It is impossible in this course to refer to all 
the different shop tools and machines em- 
ployed in workshops. A few' types will, however, 
be given. 

Figure 43 show's a “ Fielding ” portable riveter 
in combination with a hydraulic chain lift. The 
latter may be suspended from a travelling crane 
hook or from any fixed point. The combination 
shown represents a double 1 - powered 40 and 20 
ton machine of 42 in. gap, with compound hanger. 
The lift has a range e>f 5 ft., and e-an lift 2 \ tons. 
A portable riveter at work on a boiler is illus- 
trated in 45. 

A goe>d example of a hydraulic forging press 
is shown in 44. The 1 pressure? on the main 
ram is equal to 100 tons, and to 75 tons on the 
horizontal, and 50 tons on the stripping, ram. 
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figure 46 shows an Armstrong hydraulic tire 
appliance for use on quays, docks, etc. 

Hydraulics in Tubular Railway 
Construction. The “ shields employed for 
constructing the tunnels on the Baker Street 
and Waterloo Railway are shown in 47. They 
were moved forward by hydraulic presses or 
rams. Within the main body of the shield, 
behind a circular girder, was a east steel ring 
hearing fourteen hydraulic rams, R, 6 in. in 
diameter, and arranged as shown on the figure. 
The lowest four rams were not always brought 
into use, as ordinarily the remaining ten w ere 
sufficient for driving the shield forward. Each 
ram was capable of being operated independently. 
The stroke of the rams was ‘20 in., and tho 
water power (supplied by the London Hydraulic 
Power Company at about 800 lb. per square 
inch) w r as intensified, so that tho average 
pressure for driving the rams was about 1,. ‘100 lb. 
per square inch. Tins illustration is from a 
pa]H*r read by Messrs. Copperth waite and Haigh 
before the Institution of Civil Engineers. 

The Hydraulic Jack. This 
useful appliance is illustrated in 51, 
which shows one made by Tangycs, 


Limited. This jack 
forms a combina- 
tion of the hyd- 
raulic press and 
pump. A ram. A, 
resting oil a foot- 
plate, carries on 
the top a cylinder 
C, to which is 
attached the com- 
bined press and 
p u m p in tho 
chamber B. Water 
is run into the 
chain her or reser- 
voir B by a charg- 
ing hole at the 
s i d e. A 1 e v e r 
attached to a 
spindle at 1) en- 
ables tho short 
crank E of the 
force-pump of the 
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press to be raised and lowered. Water is 
drawn into the pump cylinder (through a suction 
valve) from the reservoir at the up -stroke, 
and is forced by the down-stroke on to -tho 
head of the fixed ram beneath, by which tho 
cylinder and the load resting on the top of 
the press that is carried by it are raised. When 
the jack is at work a small screw in the side of 
chamber B is slackened to allow air to pass in 
and out. The force produced is due to tho 
leverage brought to hear on the plunger of tho 
pump acting on a small area, and thence to tho 
larger area, of the rani. The weight capable of 
being lifted can bo calculated as follows : 

U- A ... T ; , I*. 
a l 

when W weight to be raised, 

A area of ram, 
area of pump, 

L — length of lexer, 
l - length of pump crank, 
p __ pressure exerted on handle in 
pounds. 

The efficiency of hydraulic jacks has been 
ascertained fiom experiments to be about 77 
per cent. 

Hydraulic Rumps. Figure 48 shows a 
]>or table hydraulic hand pump. This is fre- 
quently useful for testing water mains, etc. 
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Some lifeboats are propelled by a centrifugal 
pump on the hydraulic system, thereby dis- 
pensing with screws or paddles, which are liable 
to injury from floating wreckage, or by striking 
the bottom. The motive power is that of jets 
produced by the collection 
of the sea-water in scoops, 
which deliver it to a pump 
having vanes adjusted to 
pick up the water without 
shoek, and gradually to 
accelerate it to the speed 
of discharge, the energy 
being utilised by discharging 
the water through 
nozzles to orifices 
in the vessel atwve 
sea - level. The 
jets are controlled 
by handles on 
deck, and can he 
directed either 
ahead or astern, 
so that the vessel 
can be managed by the jets, although it lias a 
rudder and stearing goal 1 . Although the efficiency 
of this form of propulsion is only about one-half 
that of screw propulsion, never- 
theless the freedom from the 
before-mentioned dangers lias led 
to its adoption. 

We shall next deal with the 
utilisation of water power which 
is available from natural sources. 

The machines which are em- 
ployed to convert the head of 
water due to the slope of a river, 
or a waterfall, into power are 
water-wheels and turbines. 

Water-Wheels. Water- 
wheels may be classified under 
three headings — namely, over- 
shot., where the water is received 
in buckets at the summit of the wheel ; 
breast , where the water is received below 
the summit ; and undershot, where the water 
acts by momentum at 
the bottom of the 
wheel. 

The variation of level 
of the water determines 
tho kind of wheel to be 
adopted at any par- 
ticular place where the 
water power is proposed 
to be utilised. In all 
three wheels the power 
due to water flowing 
from a high to a lower 
level acts on a wheel 
revolving on an axle 
either by its weight, as 
with the overshot and breast wheels, or by its' 
momentum as with an undershot wheel. 

Overshot Wheels. In wheels of this kind 
the power acting on the wheel is due to tho 
volume of water received in the buckets, and the 
height through which it falls, if F represents 

bW 
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the fall in feet, and Q the weight of water re- 
ceived in the buckets in pounds per second, then 
the gross horse-power acting on the 
wheel, taking an efficiency of only 
60 per cent., will be : 

Q x F x 60 
33,000 

Tho efficiency varies 
with the design and 
construction of the 
wheel, and has reached 
as high as 75 per cent, 
in overshot or 
breast wheels. 

In ordinary 
overshot wheels 
the buckets are 
shaped so as to 
prevent tin* 
water shooting 
over the wheel. 
This is oh- 
v i a t e d b v 
making the capacity of the bucket three times 
that of the volume of water discharging into it. 
Breast Wheels. With wheels of this t\pe 
1 50] tho water is received from a 
channel surrounding the wheel, 
on the vanes below the summit 
— generally between the axis and 
the lowest point. The water thus 
acts by its weight in turning the 
wheel, the efficiency being about 
65 per cent., although 75 per cent . 
has been attained by breast wheels 
well designed and construct ed. 

Undershot Wheels. In thU 
class of wheel [52J the water act .■» 
on the vanes by its momentum at 
the bottom. When small falls of 
6 ft. or so, or rapid currents, have 
to be utilised, this type of wheel is 
best. The water impinging on the “ floats ” im- 
parts a portion of its energy to turning the 
wheel, but eddies involve much loss of power. 

By comparing 50 and 
52 tho difference be- 
tween the bucket of a 
breast wheel and the 
vanes of an undershot 
wheel will readily be 
seen. 

The M Pelton 
Wheel.” This type 
of wheel [49] is much 
used in America. Cups 
are attached to the 
circumference of the 
wheel. The water is 
delivered through a 
nozzle, N, and strikes 


the cups, B, in the middle, so that the whole 
of tho energy is exhausted, as tho water is 
deflected and spreads over the cup. 

The Chinese (or “ Scoop ”) wheel is used for 
low lifts, and is practically an overshot wheel 
with reversed motion. Water is caught i n 


CIVIL ENGINEERING 



48 . HYDRAULIC TKSTINU PUMP 


buckets as the wheel revolves, and is raised 
to a height nearly equivalent to the diameter 
of the wheel. This kind of wheel is employed 

for draining fen 
lauds. 

Turbines. 

Water power is 
utilised in atur- 
bine by the 
water passing 
from a high to 
a lower level 
through guide 
blades in a fixed 
ease, producing 
rotary move- 
ment, due to the 
water acting ori 
a revolving 
wheel after it has acquired a definite velocity 
while passing through the. guide blades. The 
revolving wheel receives the water without 
shock, and after it lias ex- 
pended its energy in driving 
the wheel the water passes 
away into a tail race, with 
only a very small loss of 
energy. The turbine is a 
most economical appliance 
for utilising a natural fall of 
water for power distribution 
pu r poses. 

Turbines are classified into 
" radial,' *’* axial,” and ‘‘ com- 
bined.” In the radial type 
the water passes through the 
wheel at right angles to the 
axis of rotation. In axial 
turbines the water flows 
through the wheel parallel 
to the axis of rotation. In 
><une turbines these two are 
combined. 

A “reaction” turbine 
works with all the parts under water, and 
this is a good type for small, or varying falls. 
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good as the “ reaction ” for low or varying 
falls. In both there are guide blades to direct 
the water at its entry to the buckets of the 
wheels. 

Experi m onts 
have proved that 
turbines have a 
far higher efli- 
c i e n e y t h a n 
water wheels w ith 
low falls. 

Wa t e r f a 1 1 
Power. Atten- 
tion is being more 
and more directed 
to the importance 
of utilising the 

enormous amount of power that exists in natural 
waterfalls. One of the best known is that of 
Niagara, where a fall of from 140 ft. to ItSOft. 
i.s available, and is partly employed in working 
turbines for the distribution of power for indus. 

rial purposes, for working 
electric street railways, to 
mechanical power, and to 
electric lighting, for a dis- 
tance of forty miles or more. 
The magnitude of this enter- 
prise may be realised when 
we mention that the centres 
of power production develop 
j from 50,000 to over 100,000 
horse - power by means of 
turbines of 5,000-horse )H»wer, 
and some are being con- 
structed of 10,000 - Iiofsc 

power. 

In England, waterfalls arc 
being utilised on a large scale 
compared to the old corn 
or other mill, where a water- 
wheel or turbine enabled the 
How of a stream to develop 
a useful amount of energy. 

A step in tlu- right, direction was taken when 
the lhit.sh Aluminium Company utilised the 
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k Impulse ” turbines have the buckets only falls of Foyers, above Loch Ness in the Scottish 
partly tilled with water. This type is not so Highlands. 

Hydraulics concluded; followed by Pumps 
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TELEPHONES 

TRANSMISSION OF SPEECH 

1 

Invention of the Telephone. Receivers, Transmitters and Switches. 

Following tki Mi ft a run 
from p,tg** .Wis 

The Telephone Exchange and its Complicated Mechanism 


By D H. KENNEDY 


/'~\F the many inventions which distinguished the 
latter half of the nineteenth eentury, it is safe to 
say that none excited greater wonder and interest 
than that of the Telephone. It was looked upon 
as the first step in the direction of realising the 
“Arabian Nights” dream of a magic carpet — the 
brilliance of the conception cannot easily be 
realised. For thousands of years men had been 
content to transmit their speech sounds over at 
most but a few hundred feet. In 1870 Ciraham 
Bell astonished the world by showing" how the 
energy of sound vibrations could be transformed 
into electrical energy, transmitted along a wire at 
a speed approximating to that of light, and re- 
transformed into sound waves under conditions 
which seemed to annihilate all the pre-existing 
limitations of time and space. When we remember 
that sound in air travels at about 
1,100 feet per second -a speed which 
would require over half an hour to 
traverse the distance between Loti- 
don and (llasgow — and at the same 
time know that every day men 
converse between these towns as 
easily as if in the same room, we 
appreciate more fully the modern 
miracle of the telephone. As has occurred with 
many other epoch-making inventions, so in this 
ease all the necessary component parts were in 
existence, and only tin* touch of genius was required 
for a great forward stop. 

The Dawn of the Electric Age. Fara- 
day had shown, in 1831. that the* increase or decrease 
of the number of lines of magnetic force interlinking 
with a conducting electrical circuit was always 
accompanied by the production of a current [see 1J. 

These lines of force, although only partly shown, 

form closed curves, each tra- L 

versing a path partly in the 
steel magnet and partly in the 
space surrounding it. When 
the coil is placed on to one 
erwl of the bar magnet, as 
shown in the sketch, it inter- 
links with nearly all the lines 
of force. If the magnet is 
then withdrawn, as indicated by the large arrow, 
the lines of force will cut the coil and a current will 
circulate in the direction given by the small current 
arrows. Its reinsertion will produce a current in 
the opposite direction. This principle, on which 
are based the dynamo and the motor and, there- 
fore, the electric light and the electric railway, 
formed also the foundation for the electric telephone. 
Philip Reis, in 1804, had nearly solved the 
problem. He constructed an apparatus with a 
movable diaphragm sufficiently elastic to re- 
produce all the vibrations caused by the voice. This 
plate was intended to open and close the circuit of a 
battery, and the intermittent current so produced 
was conducted by a wire to a receiver consisting of 
a coil containing a rod of iron, the rapid changes in 
the magnetisation of which produced a tone. 
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1. fahaday's experiment 


2. URAHAM BELLS TELEPHONE CIRCUIT 


Bell's Invention. Reis’s instrument had 
been able to transmit music, but was not suitable 
for spoken words. His instrument transmitted 
currents corresponding in number per second to 
the pitch of the originating sound, but not 
varying with the timbre or intensity of these 
sounds. This deficiency Bell supplied by the 
simple expedient of providing a horseshoe- 
shaped permanent magnet with a coil of 
wire on each pole, and fixing in front of it t 
flexible iron diaphragm. The lines of force emanat- 
ing from the magnet link with the coils and crowd 
into the thin iron disc. Owing to its greater 
permeability for such lines, the thin slip of iron 
offers a path equal to 2,000 to 3,000 times its 
thickness of air. This fact makes it the determin- 
ing factor in fixing the path of the majority of tin* 
magnetic lines, and consequently 
every change in the position of the 
diaphragm varies the position of 
tlu* lines of force. It also varies the 
number of such lines interlinking 
with the coils; 'and it will be re- 
membered that this is the condition 
which Faraday showed resulted in 
the product ion of an electric current. 

(Iraham Bell constructed two such instrument" 
and connected them by w ires as shown in 2. Let 
us suppose that the diaphragm at A is thrown into 
vibration by impinging sound waves. As it 
moves nearer to the permanent magnet, a current 
is produced and transmitted to the instrument 
at B. We may suppose it to he in such a direction 
that the field produced by the coil at B will lie 
added to the existing permanent field of the magnet. 
It follows that the tractive force will be increased 
and that the diaphragm will be drawn inwards. 

Meanwhile, the diaphragm at 
A swings outwards. This pro- 
duces a current reverse in 
direction to its predecessor, 
and its effect on reaching B 
will be to produce a Held 
which will oppose and reduce 
the field of the permanent ' 
magnet. As a result, the 
diaphragm at B now swings out, thus following 
exactly the motions of the sending diaphragm. 

If the sounding body bo emitting the note <’ 
(256 vibrations per second), then each diaphragm 
will make 256 journeys inwards and 256 journey-* 
outwards per second, and the sending telephone 
will generate 256 positive currents and 256 negati\e 
currents per second, using positive and negative 
to indicate direction. It should be noticed that 
the receiving diaphragm lags in phase by a quarter 
of a period. For instance, the maximum value 
of the current, which produces and is coincident 
with the maximum displacement at the receiving 
end, occurs when the diaphragm at the sending 
end is passing through its position of zero dis- 
placement. In this simple arrangement, completely 
reversible in its action, wo have an efficient means 
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4. DISSECTED SOLID-BACK TRANSMITTER 
A. Brass basin which with 3/ forma the case of the instrument. It. I 'mss bridge which is &< -re wed 
to M ami supports E, F, (I, //, ami ,J. C. Terminal for wire lending to front electrode ( //> 
mounted on ebonite. I). Thill wire, end of which is soldered to top of //. E. Hollow cylinder of 
brass containing rear electrode of earlKui. E. Strip of paper which tits round interior wall of 
E, insulating it. (I. Carbon granules to till E. H. Front electrode of polished carbon which fits 
Into top of E. A thin washer of highly flexible mica (not visib’e; closes edges of E, and prevents 
(‘scape of granules. ,/. Dished screwed washer, which clamps edge of mica when screwed on to E. 
K. Aluminium diaphragm, til in. diameter witli hole at centre into which screwed pin of H fits. 
It is surrounded by a soft rubber band. L. Ring of mica interposed between K and M. M Front, 
of case with one of the damping springs which normally presses against inner side of K. N. 
Ebonite mouthpiece which screws into M. 0. Second dampinu spring. /’ and Q. Xut and cheek 
nut which screw on to pin of II on remote side of diaphragm ( /0 , so connecting II ami K. 


of communicating 
spoken sounds over 
considerable dis- 
tances. 

The Receiver. 

Bell’s telephone re- 
mains with us in the 
form of . the receiver, 
the part of the modern 
instrument which is 
held to the ear. 

Although identical in 
principle, every detail 
of its electrical and 
mechanical features 
has been brought to a 
high state of per fee - 
t ion. The form shown 
[ 3 ] has a horseshoe- 
shaped permanent 
magnet 3J in. long, 
and soft, iron pole- 
pieces on which are 
mounted two oval- 
shaped coils of silk- 
covered copper wire, 
each coil having 700 turns and a resistance of 
BO ohms. A specimen recently examined had N - 
2.000 for the permanent magnet and B 5,C)0() for 
(he diaphragm, which is fro centimetres in diameter 
and 025 centimetre thick. This value of B is 
suitable for producing a large movement with a 
relatively small current [see page 500 J. 

The ease is of ebonite, or brass with an ebonite 
shield, and the mechanical connection between the 
magnet and the case is made as near to the dia- 
phragm as possible, so that when once adjusted at 
a distance of about fa in. from the poles it will not 
he disarranged by temperature variations. 'Flio ear- 
piece is arranged to clamp the diaphragm in posit ion. 


The Transmitter. It was soon found 
possible to improve the sending end so as to use 
more powerful currents. In this field there has 
been a legion of inventors. As a result of their 
labours we have a numerous array of what are 
called IrnnsinVler*. 

'Flic main idea underlying the introduction of the 
transmitter is that transmission shall he effected, 
not by generating currents, but by producing large 
variations in a normally constant current which is 
supplied from some independent source, usually 
a battery. For this purpose the transmitter has 
two main features — one is the variable resistance, 
which is now almost always made of carbon in 
some shape or other. For in- 
stance, in the solid-hack trans- 
mitter L*J it consists of a 
cylinder with non-conducting 
sides, and a bottom end of solid 
carbon, while the top of th ‘ 
cylinder is closed by a piston of 
carbon, tin* intervening space 
being filled up with fine granules 
of carbon. When such an ar- 
rangement forms part of an 
electrical circuit in such a way 
that the current must enter at 
one end of the cylinder and pass 
out of the other, the resistance 
offered to its passage may he 
varied through large limits. 
The resistance is greatest when 
the pressure of the piston on 
carbon granules is a minimum, 
and least when the piston is 
pressed firmly down on them, 
the difference* being ascribed to 
the more or less intimacy of 
contact between the granules. 
The other feature common to 
all transmitters ds a flexible 
diaphragm which can respond 
to the vibrations of the voice, 
and which, in this case, is 
rigidly connected to the piston, 
so that the latter is constrained 
to follow all its movements. This 
arrangement is depicted in 5 
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3. DISSECTED BELL RECEIVER 


A. Shaped ebonite ear-piece which screws on to end of J), and supports II in front 
M. II Thin iron diaphragm which Is held in front of M by A> C. Ebonite 
sheath which slips over Z). D. Heavy brass case with internal screw to receive K. 
E. Screw for attaching Q to top of D. F and N. Bolt and nut to clamp together 
L , and K . Q. Ebonite terminal cap with strain hook. II ■ Heavy leading wires to 
connect outer terminals to thin coil wires. ,/. Permanent magnet, each limb 3$ in. 
! 0| >s?- K. Z-shaped brass piece with screw to flt interior of brass case (Z». L. Soft 
iron pole-pieces, each carrying a coil of wire. M. Two coils of silk-covered wire. 
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The introduction of transmitters enabled much 
more powerful effects to be obtained. 

Referring to 5 we see that we now have a 
current ffowing continuously through the trans- 
mitter and the receiver, so that when the terminals 
are properly connected the field due to this constant 
current will assist the field due to the permanent 
magnet and increase the tension on the receiver 
diaphragm. If, now, a sound wave impinge on 
the transmitter diaphragm so as to it to 

press down the piston, the resistance 
of the transmitter will he reduced. 

This will cause 

an increase in the |V tA, 

strength of the „ 

current in the 1 ^wi h ~ ^s l 

circuit and so ® 

increase the at- 5 RECEIVER AND TRANSMITTER 
traction on the 

receiver diaphragm, drawing it inwards. The com- 
pression sound wave which affected tin* transmitter 
will he followed by a wave of rarefaction, which will 
allow the transmitter diaphragm to swing out 
beyond its normal position. This has the effect 
of reducing the pressure on the carbon granules. 
Reduction of pressure lessens the intimacy of con- 
tact between the granules and so causes increase 
of resistance, and this in return causes decrease of 
current. At the receiver end the decrease in the 
strength of the current reduces the tractive force 
acting on the diaphragm, which is thus allowed to 
swing out, and so imitate the movements of the 
transmitter diaphragm. 

The Induction Coil. This combination is, 
however, only efficient when the transmitter forms 
a relatively large part of the circuit resistance. 
With increased length of external circuit there is 
reduced variation of current strength. To remedy 
this the induction coil, already in use for other 
purposes, was introduced into the telephone 
circuit by Edison. It. consists of a core made of 
thin iron wires 3 in. to 4 in. in length laid length- 
wise ; surrounding this core there are two to four 
layers of fairly thick insulated copper wire. This, 
in turn, is surrounded by about ten or twelve layers 
of very thin insulated copper wire. The thick 
winding is called the jrimary ; it may have about 
t()0 turns. The thin winding is called the second- 
ary, and has usually about 2,000 turns. 

The action of an induction coil is very interesting. 
In the first place, it depends on Faraday’s laws 
of electromagnetism, which have already been 
referred to in connection with Hell’s telephone. 

In 6 it will he seen that the transmitter and 
battery are connected to the primary of the in- 
duction coil, while the lines to the distant receiver 
form, with the secondary of the induction coil, 
a separate circuit. 

As the primary is of thick wire its resistance is 
small, usually about I ohm, so that the current 
in the primary is considerable. 

When the diaphragm vibrates, the variation of 
the current is very large, because the transmitter 
is the principal resistance in the primary circuit. 
Now, while this current is ffowing the primary 
coil and the enclosed iron core form an electro- 
magnet equivalent to the steel magnet in 1, and 
the secondary winding is linked with the lines 
of force due to the primary in the same way as the 
coil shown iu the first illustration. A decrease in 
the current flowing in the primary will reduce the 
number of lines of force linking with the secondary, 
and corresponds to the withdrawal of the steel 
magnet, while an increase of the current corresponds 
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to thrusting the steel magnet into the coil, h 
follows, then, that increase of the microphone 
resistance will produce in the secondary a current 
in one direction, while decrease of the microphone 
resistance will produce a current in the opposif. 
direction. This is an important gain, because, 
whereas, without the induction coil we had oul\ 
a current variation from a positive minimum to 
a positive maximum, with the induction coil wo 
have a variation from a positive maximum through 
zero to a negative maximum. Equally important 
is what may he called the “ gearing ” effect of tin 
induction coil. In the primary circuit we have u 
comparatively large current at a low voltage. 
In the secondary, which is connected to the line, 
it is better to have the energy generated with 
higher E.M.F. suitable for transmission o\n 
long linos. The induction coil enables this modi- 
fication to ho made. For analogy, we may look 
at the chain gear of a bicycle. The energy supplied 
by the foot is transmitted by the chain to tin- 
driving wheel. Now, the amount of energy trans- 
mitted depends upon two things— first, tin* 
power applied to the crank, and secondly, its rate 
of rotation. These two may be varied in any way 
so long as their product remains constant. Il 
the two wheels over which the chain runs were ot 
the same diameter, it would he found that while 
only small power was required to attain a given 
speed the rate of rotation would be inconveniently 
high. If, now, the crank gear-wheel is made with 
a diameter double that of the other gear-wheel, 
the same speed will he attained by rotating tin- 
crank gear-wheel at half its previous rate, but 
the power exerted by the foot will now be double 
that in the litst case. Similarly, in an induction 
coil, the energy transmitted from the primary to 
the secondary is the product of the current and 
the voltage at the terminals of the coil. The 
voltage varies in accordance with the number of 
turns. See also page lfff>7. 

The Automatic Switch. With the ex- 
ception of the new central energy system instru- 
ments [5] this is the invariable arrangement dui ins. 
actual speaking on all telephone circuits. The 
drain on the battery during speaking is very great, 
and a switch was arranged to disconnect tin* 
primary circuit after use. As batteries wen- 
necessary for the microphone circuit, they were 
also used for calling, each station being provided 
with trembler bells. It was also necessary to 
arrange a switch to connect the lines to the bell 
normally, in order to receive calls. One switch for 
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6 . TRANSMITTER, INDUCTION COIL, 

AND RECEIVER 

both these purposes soon became the universal 
arrangement; and to prevent mistakes it was 
used as a rest for the receiver, and so became auto- 
matic in its action, and is always referred to as the 
automatic switch. Figure 7 shows two station- 
arranged for battery ringing ; a press button ring* 
ing key, P, is used to connect the calling battery I" 
the line. 

Magneto Stations. Battery ringing sta- 
tions were found to be troublesome to keep in 
order, and, moreover, the battery power bad to b«* 
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carefully calculated to meet each particular case. 
For long circuits, relays were introduced into the 
main circuit, displacing the bell, which was actuated 
by the relay closing a local circuit. This, of 
course, meant an addition to the number of points 
where trouble might occur. The most difficult 
case occurred when it was desired to place several 
stations on one line, and so much difficulty was 
experienced in connection with batteries and 
relays that a solution of the general problem was 
sought and found in the magneto generators 
and magneto bell. The generator, already de- 
scribed on page 5177 takes the place of the battery. 
Tt is usually wound so as to generate current at 
from 70 to 120 volts, and the gear-wheels are 
arranged so that the armature, when the handle 
is turned at average speed, makes about sixteen 
revolutions per second, or, say, 1,000 per minute. 
A switch is included in the generator, which nor- 
mally short-circuits the armature resistance, but is 
opened immediately the handle is rotated. 

The magneto bell shown in 8 is an electromagnet 
with a rocking armature to which a rod and hammer 
are rigidly attached. The eores of the electromagnet 
and the armature are polarised by the large per- 
manent magnet, so that both poles tend equally 
to a ttract the armature. When alternating currents 
arc received this balance is upset, and a rocking 
motion, corresponding to the rapidity of the 
alternations, is produced. The most usual resist- 
ance is 1,000 ohms, aiid a good generator will 
ring such a bell through 20,000 to 00,000 ohms. 
Figure 8 exhibits the two most usual methods of 
connecting magneto station apparatus. The shunt 
method is gradually displacing the series system. 

Exchanges. The first telephone exchange is 
said to have been opened in Boston, U.S.A., in 1877, 
but an exehango to which a number of subscribers 
provided with Wheatstone ABO telegraph in- 
struments were connected had been opened at 
Ncwcastle-on-Tyne in 1804 by A. W. Heavisi le, 
and at the time of the invention of the telephone 
bad grown to 00 subscribers. As the use of the 
telephone increased, the obvious convenience 
of having a number of subscribers connected to 
one, central point, with arrangements so that any 
one of them could rapidly and conveniently be 
put into communication with any other, led to 
the introduction of exchange systems simulta- 
neously in numerous towns. These systems were 
usually provided by men whose experience had 
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been telegraphic, and so telegraph practice was 
followed ; single wires with earth return were 
provided, and the indicators at the exchange were 
arranged so that they were directly in the line 
circuit and talking had to be done through them. 
Owing, however, to the excessive sensitiveness of 
the telephone, it was found that when speaking 
was carried on on one wire it was audible in 
telephones attached to parallel wires, this result 
being brought about by the mutual induction 


between the two wires, on the principle to which 
we have already referred in describing the action of 
the induction coil. The only cure for this serious 
trouble was the somewhat expensive one of making 
the line circuit metallic, thus doubling the cost 
for wire ; and even when this had been clone it was 
found that when the two wires of a telephone 
circuit were parallel to a telegraph circuit the 
latter caused inductive interference, unless the 
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8. MAGNETO GENERATOR-RINGING TELEPHONE 
CIRCUIT 

Showing “series” and “shunt," methods of connecting 

telephone wires were arranged so that they wero 
throughout at equal distances from the disturbing 
line. 

The “ Bridge M System. At the exchanges 
it was found that while the series arrangement of 
the indicators was quite suitable for receiving 
signals, it seriously interfered with the speaking 
efficiency; and Heaviside demonstrated that it 
was necessary to take all such apparatus out of 
the main circuit, and connect them in “ bridge ” 
from wire to wire, so that when two subscribers 
were in communication thero should he a con- 
tinuous metallic circuit, free from all apparatus, 
from the one subscriber’s instrument to that of the 
other. At the exchange it was necessary to provide, 
first, an indicator by means of which a subscriber 
could call the. operator ; and, secondly, means to 
enable the operator to reply, which took the form 
of flexible? cords, terminating in plugs suitable for 
fitting into the termination of the subscriber’s 
line, wh ieh was called the answeri ng jack. The cords 
and plugs were arranged in pairs, so that one plug 
might be connected to the calling subscriber and 
the other to the subscriber who was subsequently 
eallcd. Bridged across the two connecting wires 
there was, firstly, a listenin'] key, which enabled the 
operator to connect her own telephone to the plugs ; 
and, secondly, a calling key, which enabled the 
operator to connect a generator to the calling 
.and send out calling currents to the required 
subscriber. The answering jack was arranged so 
that when the operator plugged into it, the sub- 
scriber’s indicator was out, out of the circuit, and, 
therefore, each pair of plugs had bridged across 
them a high resistance ring-off indicator [9]. 

Operating a Call. Now we can describe an 
operating transaction. The subscriber calls by 
turning the handle ot his generator, the calling 
indicator drops at the exchange, the operator 
replies By plugging into the answering jack, at the 
same time turning the listening key, which connects 
her to the pair of plugs. The subscriber gives the 
number ho requires, the operator connects the 
calling plug to that number, and presses the calling 
key which connects the generator to the calling plug. 
When the subscriber answers, the operator hears 
them begin the conversation, and then goes out 
of circuit by restoring the listening key to its normal 
position. At the conclusion of the conversation 
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the subscribers were required to ring off by giving 
a turn to the handle of the generator. This actuated 
a ring-ofl indicator at the exchange, and the 
operator thereupon withdrew the plugs. 

Difficulties Overcome, in these early 

magneto exchanges the indicators required a apace 
of about 4 sq. in., and the answering jacks a space 
of 1 sq. in. each. r l'hc indicators wore arranged in 
blocks of 50 or 100, and the answering jacks above 
or below them in corresponding bloeks. Tn large 
towns, in spite of heavy rates, the convenience and 
rapidity of telephonic communication was such 
that the number of subscribers quickly increased, 
and this soon introduced new problems. One 
operator could deal with 100 subscribers, and two 
operators on adjoining switches could deal with 100 
each, the cords bring long enough to allow of inter- 
connection between the two blocks. When a third 
switch was introduced, the quest ion of connecting No. 
1 block to No. II had to be considered, and t his was 
arranged for by connect ing a jack of No. 1 switch 
to a jack of No. !J switch, and in this wav extending 
the line as required from one operator to the other, 
the arrangements being made verbally. Clearly, 
this system could not be developed very far, and 
some other had to be evolved. It was desirable, as 
far as possible, that any one operator should be in 
a position to connect the subscribers she answered 
to any required subscriber, and this was arranged 
by duplicating the connecting points for each 
subscriber’s line in such a way that there should 
be. one connecting point within reach of every 
operator. As an operator can reach over the 
position to left or right of her, this meant one 
connecting point per three operators. The provision 
of this “multiple” system was a comparatively 
simple matter where only a few hundred sub- 
scribers were concerned, but when the number of 
subscribers mounted into thousands, great diffi- 
culty was experienced in bringing the size of the 
multiple down to suitable dimensions for the opera- 
tors. It became clear that the extent of the 
operator's reach determined the limiting dimensions 
for the switches. Switch apace became, exceedingly 
valuable, and the size of every item of the equip- 
ment was rapidly reduced as far as possible. The 
multiple also involved the introduction of a now 
feature in the operating. It was necessary to provide 
means by which the operator could ascertain whether 
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or not the required subscriber was “ engaged.” 
Provision for this w r as made by carrying round the 
multiple jacks a third w ire, which w’as in connection 
with the brass bush forming the entrance hole of 
the multiple jack. All the plugs in use in the 
exchange, were also provided with a third con- 
ductor, forming a sleeve for the plug in such a way 
lhat when inserted in any jack this sleeve wras in 
contact only with the. third, or test wire of the 
multiple. One pole of a battery was in connection 


with all of these plug sleeves, the other pole being 
connected to earth. The operators were, provided 
with receivers having double windings, the junction 
of the two windings being connected to earth [10]. 

The Engaged Test. Before inserting a plug 
into any subscriber’s line, the operator applied the 
tip of the plug to the bush of the nearest jack. If 
the subscriber was “engaged,” a click would be 
beard in her receiver due to the passage of a current 
from the test battery, via the sleeve of the distant 



10 . PRINCIPLE OF ENOAOKO TEST 


plug, along the test wire, through the tip of tin 
operator’s plug, and so through the operator- 
receiver to earth. 

On receipt of each calling or clearing signal on tbe 
indicators, the operators had to restore the shutter 
of the indicators by hand, which necessitated their 
being within reach, and, therefore, beneath the 
multiple jacks. This limited the downward growth 
of t ho multiple. To remedy this, a so-called wlf- 
rratoriny indicator was introduced, which allowed 
of the indicators being placed above the multiple 
and beyond the reach of the operator, and to some 
extent increased the* space available for jacks. For 
some time 2,000 was the capacity limit of a multiple, 
but by further decreasing the size of the jacks, by 
the introduction of flat switchboard cables, and by 
tb»' removal of the indicators, this number was 
rapidly increased to 8,000 and 10,000, ami now 
even 20,000 can be arranged. 

The Call- wire System. Further efforts 
in the same direction were made in America and in 
Scotland by introducing a system devoid of indi- 
cating apparatus at the exchange. The call-win 
system provided for each subscriber a pair of wires 
terminating on the exchange multiple; in addition, 
a. calling circuit was carried to the instruments of a 
group of subscribers, the exchange end of which 
terminated on the operator's headgear set. When a 
connect ion* was required, the subscriber depressed 
a special call key, which connected his instrument to 
the call wire, and enabled him to speak directly to 
the operator. He gave his own number and the 
required number. The operator connected them by 
a pair of plugs, the subscriber turned his generator 
and called his correspondent, and on completing his 
conversation again depressed the call key, and 
requested the operator to disconnect him. The 
call- wire system has been gradually abandoned, 
because it required the subscriber to do work which 
can be better performed automatically at the 
exchange. It should be stated, however, that the 
principle is very usefully employed in modern 
systems between disciplined operators. Failure to 
ring off was also common to tho magneto systems, 
and the need for separate signals from each sub- 
scriber, instead of one which might be from either, 
was felt. 

Continued 
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OITT did his best to keep together the coalition 
* of the European Powers, but depression of 
trade and other circumstances combined to 
make the war unpopular after a time, and 
the King also became very unpopular. The war 
went on, and though England was still 
successful at sea, the appearance of Napoleon 
on the scene changed the fortunes of war by land 
and the English generals suffered many defeats. 

The Catholic Emancipation Bill. 
In 1800 Pitt wished to bring in a measure for 
the emancipation of the Catholics, which would 
have much helped to conciliate Ireland, but the 
King would not consent to it. But Pitt was deter- 
mined, and the King had to accept his resigna- 
tion in 1801. His successor was Addington — a 
Minister as subservient as North had been, and 
loss capable. The Peace of Amiens was concluded 
in 1802, but war again broke out in the May of 
the following year. The King had another attack 
of madness, but, like the attack of 1801, it did 
not last long. At last the country would have no 
more of Addington, and insisted on the return 
of Pitt to the head of the (Government. Pitt 
wished to include Fox in the Ministry, but the 
latter had long been a Whig, and the King dis- 
liked him, and refused his consent. A Toiy 
administration was at last formed which carried 
on the war with Napoleon. Pitt, who did not long 
survive the fatal news of Austerlitz, died in 1800, 
just after the news of the victory of Trafalgar, 
in which Nelson lost his life. 

A Famous Ministry. The King was now 
compelled to accept Fox and Grenville, who be- 
came the leaders of the famous “ Ministry of All 
the Talents.” But Fox died in the same year as 
his great rival Pitt, and there was no one to fill 
the place of either. Fox was one of the greatest 
statesmen of his time, and a still greater orator. 
Grenville wished to bring in some measures of 
justice to the Catholics, but this was prevented 
by the King, who tried to induce the Administra- 
tion to promise never to bring the Catholic 
question up again; as they refused they were 
dismissed, and another Government formed, of 
which the Duke of Portland was the nominal, and 
Mr. Spencer Percival the real, head. The elec- 
tions again resulted in a triumph for the King. Jn 
1N09 Spencer Percival became Prime Minister, 
and the majority of the Government was so large 
that they were able to survive their many mis- 
takes in American policy. The successes of 
Arthur Wellesley (afterwards Duke of Wellington) 
in Spain at this time helped to make the Govern- 
ment popular. The reign of George III. came to 
an end in 1811. After the death of the Princess 
Amelia he became hopelessly insane, and though 
he lingered for nine years — blind, deaf, and 


mad— he was untit to rule again. His eldest son, 
the Prince of Wales, became Regent. 

The Romance of a King. The Regent, 
afterwards George IV., was born in August, 
1702, and was of a very different character 
from his father. When only twenty he 
fell in love with Mrs. Fitzherbert, a Catholic, and 
there is now no doubt that ho was actually 
married to her. But the Royal Marriage Act 
made the marriage invalid by English law. Had 
it been valid George TV. could not have suc- 
ceeded to the crown. When he came, of age his 
father settled on him £50,000 a year ; the 
revenues of the Duchy of Cornwall were £12,000 
a year, and Parliament voted him £30,000, and 
the same sum to pay off his debts. Notwith- 
standing this he was soon deeply in debt again, 
and the King added £10,000 to his yearly income. 
In 1788 Charles James Fox tried to improve 
his position with regard to the Regency, but the 
King recovered, and (George's hopes were disap- 
pointed. Tn 1795 Parliament promised to dis- 
charge his debts, which amounted to as much as 
£050,000, on his marriage with the Princess 
Caroline of Brunswick. 

The Prince was compelled by his financial 
troubles to accept these terms, but the marriage 
was a very unhappy one. There was one child 
of the marriage, the Princess Charlotte, and soon 
after her birth the Princess of Wales went to 
Blackheath, where she lived in retirement, tlio 
Prince returning to his old life of dissipation. 

The Trial of Queen Caroline. The 
unpopularity of the Regent had been steadily 
increasing for some time. The Queen’s 
enemies and tho King’s friends now spread 
reports about her founded, among other things, 
on the fact that she had adopted a child. Those 
scandals resulted in the “ Delicate Investigation.” 
Evidence was collected by every means and 
the result laid before the King ; but Caroline, 
who defended herself strenuously, was acquitted 
in 1807. Canning and Brougham were on the 
side of the Princess, as well as public opinion 
in general. In 1814 she obtained leave to go 
on the Continent, and she lived for a time on the 
lake of Como, where her conduct was certainly 
ueonventional. When George IV. came to 
the throne, on the death of his father in 1820, 
he offered the Princess £50,000 a year to renounce 
the title of Queen and live abroad. This she 
refused, and in reply made a triumphal entry 
into London, where she was received with 
enthusiasm by the populace. Then the King’s 
(Government brought in a Bill of Divorce. 
The Queen was defended by Henry Brougham, 
afterwards Lord Brougham, the famous advocate 
and parliamentary orator, whose defence of 
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the Queen was one of his greatest triumphs. 
So great was his success as her advocate that 
the Bill had to be abandoned by the Government 
oven after it had passed through .the Upper 
House. There was no evidence of tho more 
serious charges against the Queen, and though 
her conduct was imprudent the King’s abomin- 
able treatment of her would have excused many 
faults on her part. Public feeling was alto- 
gether on her side, and the King became even 
more unpopular than before. On July 19th, 
J 821 , the Queen presented herself at Westminster 
Abbey on the day of the King's coronation, 
and was brutally repulsed by the King's orders. 
The unhappy Queen died in the same year. 

Daniel O’Connell. As Prince of Wales 
George had been known as a Whig, and was 
the friend of Fox and Sheridan ; yet-, as soon 
as he became King lie tried to govern the 
country in the same manner as his father. 
He was, in fact, as bad a king as his father and 
not so good a man. Like George 111. he resisted 
Catholic emancipation as long as he could, 
but he had eventually to give way. The Duke 
of Wellington, his Prime Minister and a strong 
Tory, declared that to resist the measure would 
lead to civil war, and he declined to. commit 
himself to a policy which would have such a 
result. The Catholic Emancipation Bill was, 
therefore, brought in by Sir Robert Peel, passed 
through both Houses, and received the Royal 
Assent on April 13th, 18*29. One of the first 
Catholics to take his seat in the House was 
Daniel O’Connell, the famous Irish leader who 
had given up an immense practice at the Bar 
to conduct the agitation for Catholic emancipa- 
tion and had, in 1823, formed the Catholic 
Association. He was elected member for Clare 
in 1828, but was refused admission to the 
House Ix'cause ho was a Catholic. O’Connell, 
who was one of the greatest orators of his day, 
now led the agitation for Repeal of the Union, 
and was also in thorough sympathy with the 
Reform movement in England. 

Tho King died on .January 26th, 1830. In 
his reign lived many great Englishmen — Byron, 
Shelley, Keats, Sir Thomas Lawrence, Flaxman, 
Sir Humphry Davy, Dugald Stewart, Pestalozzi, 
and others. 

William IV’s Reign. William IV., third 
son of George III., succeeded in 1830. He was 
born on August 21st, 1765. When a boy he 
entered the Navy and later on served in America 
and in the West Indies. In 1789 he was created 
Duke of Clarence, and in the following year took 
his seat in the House of Lords. In 1811 he was 
made Admiral of the Fleet, and in 1814 he 
conveyed Louis XVI II. to France. In 1818 
he was married to the Princess Adelaide Louisa 
of Saxc-Coburg Mein ingen. 

Before William came to the throne he had 
been a Whig, and even after his accession he 
seemed to be in favour of reform ; but events 
at homo, combined with the fall of Charles X. 
in France, alarmed him. 

The demand for reform was becoming very 
strong all over the country, and vast public 


meetings were held everywhere. In 1830 
Lord Grey, one of the leaders of the Opposition, 
asked tho Duke of Wellington, the Prime 
Minister, a question on the subject of reform, 
and the duke replied that he considered that 
the present system could not be improved or 
rendered more satisfactory to the country. 
The Tory Government were defeated on 
another question, on which they considered it 
better to resign. The King had to accept 
their resignation, and Lord Grey then formed 
a new administration with himself as Prime 
M inister. Brougham as Lord Chancellor, and Lord 
Palmerston as Secretary for Foreign Affairs; 
Lord John Russell, then a rising statesman, 
was in the Government, but not in the Cabinet. 

The History of the Reform Bill. 

On March 1st, 1831, the Reform Bill was intro- 
duced by Lord John Russell. This great 
measure was the beginning of the reforms in 
our representative system which, with many 
later improvements, have given England its 
present electoral equality ; it did away with 
the Rotten Boroughs, and other corruptions of 
former times, and was the first step towards 
making the representative system truly re- 
presentative of the people. The Bill had, of 
course, the support of all Liberals, and was also 
supported by Daniel O’Connell, who went 
further than others by declaring his belief in 
manhood suffrage, vote by ballot, and triennial 
parliaments. After an animated debate the 
second reading was carried by a majority of 
one on March 2 1st. The Government, feeling 
that it would bo impossible to carry the measure 
with such a majority, determined to appeal to 
the country. Parliament was dissolved on 
April 22nd, and the elections resulted in a 
decided victory for the Government. 

The Second Reform Bill. When 
Lord John Russell introduced the Second 
Reform Bill it was carried this time by a larger 
majority, and went up to the Lords, where it 
was thrown out on October 8th by a majority 
of 41. The King refused to create new Peers 
for the purpose of swamping the Tories in the 
Lords, and Lord Grey’s Government resigned. 
But the Duke of Wellington was unable to form 
a Ministry, and the country was in a state 
bordering on insurrection. On May 15th Lord 
Grey’s Government returned to office, and 
the King was now willing, if necessary, 
to create new peers. At the request of the 
King the Duke of Wellington withdrew from 
the House of Lords with about 100 peers, and so 
allowed the Bill to pass on June 4th. This was 
the great event of William’s reign. 

In 1834 the King dismissed Lord Melbourne’s 
Government, but had to recall him in the 
following year, as the Government of Sir Robert 
Peel proved hopelessly weak. 

Other reforming measures of this reign, the 
abolition of Colonial slavery, the improvement 
of the Podr Laws, and the Municipal Reform 
Act, were all the results of that great wave of 
popular feeling which had so suddenly come up 
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Goldsmith’s Work. The jewel in the illus- 
tration [171 is built up of separate parts. First 
the vase shape is made by beating out a strip 
of metal tho length of the circumference, and 
then the part immediately above it, first as a cone, 
the lower edge of which is spread out on a mandrel ; 
then the base is beaten out of a small circular disc, 
in a saucer shape, and these pieces are soldered 
together. The granular surface is obtained by 
soldering grains of gold upon this. Tho simplest 
method of making these is to cut up minute pieces 
of gold wire of exactly the same length, and melt 
them on a charcoal block, pressing the pieces into 
tho charcoal. Then after picking them out of 
the charcoal, they are shaken together in a bag, and 
afterwards rolled gently and evenly by hand between 
two true flat steel plates. By this means the grains 
will become spherical. A little calcined borax is 
mixed upon a slate, with water and gold solder 
filings added ; a pnste of this is made, and put on tho 
gold. Now, with a mouth blowpipe, this is melted 
all over the surface. When this lias been done, and 
it is quite cool, the grains are placed regularly upon 
tho surface, and with a little gum tragacanth they 
are fixed. Then the flame of the blowpipe is blown 
gently upon them, drying the gum, and taking 
it up gradually to a red heat, so that the solder just 
melts, and causes the grains to adhere to the surface. 

Many of the Etruscan jewels, such as that shown 
in 18, were enriched in this manner. The making 
of the filigree is of the simplest description. Take a 
small wire, flatten it with a small hammer, and bend 
it round with round-nosed pliers. Then tie it in 
position with fine iron binding wire, and solder it to 
the main piece in the manner already described. 

The armlet illustrated in 17 could bo quickly and 
efficiently made by ham- 
mering the cylindrical 
shape in two halves from 
a piece of fine gold, of 
No. 10 metal gauge, by 
soldering them together, 
and then by cutting out 
the bird form in a thick 
piece of gold and solder- 
ing it with 20-carat gold 
solder. Tho bead, horns, 
and paws are also made 
out of thick sheet metal 
and soldered to tho body. 

Then the settings for the 
stones, which were in the 
body, are soldered on also. 

Tho probable way in which 
this was made was by 
modelling in wax in a 
cone, and casting, and 
afterwards chasing. This 
method is a good one, and 
is tho best, as well as 
the simplest, but the oost 
of the solid gold would 
be very considerable. 
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Silvers mithing. The cup shown in 2*, of 
which tho author once made a replica, is one of tho 
most highly admired objects in the South Ken- 
sington Muosum. It is of silver-gilt, and round the 
cup and cover it has pieces of green enamel jjliqnc n 
jour. It is not so much an elaborate work of art 
as a perfect piece of refined taste and craftsmanship. 
The principal excellence is the exquisite finish and 
proportion. The mode of its manufacture is as 
follows : 

The body of the cup is hammered out of a sheet 
of silver, as described briefly in the general remarks 
under Hammering. A circular piece of sheet metal 
of No. 18 metal gauge, is cut out with shears. Tho 
width of the base is struck out with compasses, and 
then, upon a wooden block, the metal is beaten info 
a series of rings, the metal being held at an angle of 
about 30’ t tlie block, and after annealing, the 
operation is epeated at a greater angle, and so on. 
Then it is tui led over on to a stake ,nd beaten from 
the outsid and thus drawn in. Finally, it is 
planished and polished. Now upon this is marked 
out tho exact position of the mounts to hold the 
enamel. These mounts, made from a thick piece 
of wire, are chased and drawn by hammering, 
chiselling, and filing. Then the enamels are made 
as described under Plique a Jour. Now, cut out the 
spaces, and upon the body pounce with a sharp 
graver the pattern. After it has been gilt, the 
enamels are fixed. A more ornate sample of the 
same class of work is shown in 18. 

Wrought Iron and Steel. From the 
fashioning of armour plate, the forging of a damas- 
cened and jewelled Toledo blade, to the humble 
smithing of a horseshoe, from the making of an 
anchor to a grille or lofk-plate, forms a fascinating 
study of work in iron 
und steel. Of late years, 
the smithing of iron 
has become one of the 
finest crafts. In ancient 
times, when all objects of 
utility, as well as of adorn- 
ment, were marked with 
a desire for beauty, when 
the most frequently used 
kitchen meat - jack was 
regarded not only as a 
thing of use, but also as 
something that might be 
made beautiful, iron work 
flourished in all its excel- 
lence. Contrast tho iron 
work of from 50 to 100 
years ago, when it was 
deemed sufficient if it 
served its purpose and 
nothing more, with such 
work of ancient times — 
with the hinges illustrated 
in 2T. Why is it that a 
piece of engineering work 
is generally ugly ? It 
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should bo that the tool, or 
structure, which serves its 
purpose of utility best should 
also be the most beautiful, 
for beauty depends more 
upon the fitness of inten- 
lion to purpose than upon 
anything else, and any ex- 
traneous adornment or un- 
suitability, or unnecessary 
feature, should signify a 
dofeet in design. And so it 
does. For, rightly considered, 
it is always the beginning, 
and therefore imperfect engi- 
neering or mechanical inven- 
tions which are ugly, and as 
(hey grow to perfection as 
tilings of utility they become 
loss ugly. 

Iron and steel are the 
most useful of all metals, 
hut most of the ironwork, 
engineering or otherwise, 
which one sees is not beauti- 
ful, principally because it 
either fails in its purpose or 
does not completely fulfil 
it. The main characteristics 
which distinguish iron and 
steel from other metals are 
greater ductility, hardness, 
and infusibility. They oxi- 
dise more freely, and possess 
the property of becoming 
welded under pressure, pro- 
duced generally by hammer- 
ing when heated to a soft 
state. Steel, which is car- 
bonised iron, differs from 
iron in that it is much harder and more 
brittle, but less malleable and ductile. 

Varieties of Iron and Steel. There 
are substances lying intermediate between iron 
and steel ; these arc? hard irons and soft steels, 
which depend upon the 
amount of carbon intro- 
duced into the iron. 
They are employed in a 
variety of ways. The 
most suitable iron for 
wrought purposes is 
almost pure iron, and 
contains hut one - tenth 
per cent, of carbon. 
This wilt not harden 
under any circumstances, 
and welds readily. It is 
fibrous and tough. The 
greater the proportion of 
car l)on in the composi- 
tion of steel, the harder 
it is. It fuses at a lower 
temperature, it is granu- 
lar, very tough, springy, 
and capable of being 
made soft, hard, or 
brittle. The very earliest 
forms of wrought iron 
show that the ore used 
was obtained from 
meteoric ore, as nickel 
19. qreek gold j fl discovered in it when 
EARRING analysed, and there is a 


certainty that they were 
unable to smelt the ordinary 
ore. It was the custom, due 
to necessity, for the earliest 
workers in iron and steel to 
make all their own tools, and 
we know nothing which is 
better training than this. 
For to make a file, a pair of 
pliers, a repousse tool, a 
mandrel and a graver, re- 
quires a great amount of 
knowledge and skill, and no 
doubt assisted the appren- 
tice in obtaining a mastery 
over his material which, in 
most other ways, would be 
insufficiently acquired. 

In Theoph ilus’ book we 
read of the method em- 
ployed at that time in 
making steel and iron tools. 
The principal operation in 
wrought iron which distin- 
guishes this work from all 
other kinds is that of weld- 
ing. Welding consists in 
making two pieces of iron 
red hot, and consequently 
soft, and while in this con- 
dition, of hammering them 
together until they form one 
piece. It is the most com- 
plete union in all metal- 
work, for it is the absolute 
junction of two separate 
parts of the same material 
by itself : whereas, all other 
metals arc joined by a solder 
of some kind. The most 
general methods of wrought-iron work arc bending, 
chiselling, welding, riveting, and hammering. 

Methods of Working Iron. Bending of 
thick iron is always done while the metal is red- 
hot, either upon a mandrel, in a vice, or upon an 
iron shupe, and as it is heavy work, it is done 
by a man and his assistant. While one holds if 
securely with tongs or places it in a vice, the other 
beats it with a hammer, or twists it with other 
tongs. With leaf work, the iron is cut out from the 
sheet to a template, and is generally beaten into 
different shapes while cold, or if thick, while hot. 
Rods of all sizes, sheets of almost any thickness, 
strip of any gauge, can ho readily procured from t lie 
metal merchant. In the forge, fine breeze is used, 
so that it falls closely round the iron. Small breeze 
burning is used with the bellows. It requires quick 
handling. In the making 
of any part, the best 
method of procedure is 
to make a pattern or 
template, on which the 
scroll or curve can be 
tested. In making thin 
work, it is scarcely neces- 
sary to heat at all, save 
for welding ; but we de- 
precate very strongly 
the employment of thin 
iron out of doors, as in 
this climate it corrodes 
quickly. But a different 
set of tools and much 20- ancient GREEK 
greater skill is required GOLD EARRING 
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21. MEDIEVAL FRENCH CHEST HINGES 

in dealing with thick iron. When using thick 
iron bar, the simplest way is to bend it by 
striking it over the anvil, or over shapes fixed 
in a vice. The anvil, owing to its tapering, cir- 
cular, and fiat ends, can be used for almost every 
variety of curve. The ease with which iron can bo 
bent while red-hot is ono of its sources of danger, 
inasmuch as it is apt to shrink, unless held firmly 
and beaten slowly. The geometrical volute in the 
scroll is never to be commended. It is one thing 
that the wrought-iron worker usually seeks to 
achieve, and it is a good thing to be able to do it 
easily, but only so that something better may be 4 
done in which the curve is one thought out and 
studied. As one walks along the 
street lie notices that it is the 
most common form employed, 
and the result is dismal. 

Cast Iron. The descrip- 
tion of the method of casting in 
iron 1 22] will be given under Sand 
Cisting. It is sufficient, for our 
purpose to compare cast iron 
with wrought iron. Now, there 
is, so far as craftsmanship and 
treatment, no comparison in all 
such work as grilles, screens, 
and such places as require light- 
ness in design. But where more 
massive work is required, such 
as newel posts to a gate, or large 
fire-dogs, or relief for the back 
of gra te, then east iron, suitably 
designed and handled,, has its 
proper place. The work of 
Alfred Stevens in this material 
is in some respect, the finest 
that has been done ; but in 
spite of His great name, com- 
mend us to the work of some of 
the German and English cast- 
iron craftsmen of the early part 
of the fifteenth century. For 
iron suggests strength of a rude, 
simple kind ; massive, blunt, 
heavy, solid, and full of power, 
not the polished, curving, adapt- 
able, pliable, facile substance 
that copper or silver is. This 
remark applies largely to 
wrought iron as well as to the 
east variety, for thin wrought- 
iron work is very unpleasant. I 
have frequently found wrought- 
iron railings with twisted scrolls 
and leaf work that you could 



break off with your 
fingers. Imagine 
what they will look 
like in a few years, 
when no amount of 
paint will hold them 
together. Again, one 
frequently set's parts 
which should have 
been welded held 
together by solder. 

Architects who pass such work 
are culpable through ignorance, 
indifference, or neglect. 

Enamels and Enamel* 
ling. En ainels are composed of 
silica, minium, and potash fused 
together and combined, when in 
a state of fusion, with oxides of 
metals by which they obtain their 
colour. The chief oxides employed 
arc those of cobalt, copper, iron, 
manganese, tin, and lead. Copper 
gives green, turquoise, and red. 
From iron, red, brown, and orange 
are obtained: manganese gives 
purple and cobalt blue. Tin and 
lead combined and calcined arc 
used to make enamels opaque. All 
enamels are transparent before this 
calx — of lead and tin — are added. 
Chlorides of gold give ruby and 
silver yellow. 



23. PASTORAL 
STAFF, 
LIMOGES 
CIlAMPLKVti 
ENAMEL 


CAST-IRON OONDOLA TROW 
VENETIAN 


These enamels 
are madt*. in a 
crucible, a n d 
when properly 
run down into a 
clear vitreous 
mass arc poured 
out into water. 

By doing this 
great amount of 
time is saved in 
the subsequent, 
operation of 
grinding, which is 
the next part of the process of 
enamelling. 

Enamelling is divided into five 
processes — na mely, Cha mple ve. 
Cloisonne, Basset a file, Plique a. 
Jour, and Limoges, or painted 
enamels. 

Champleve Enamelling. 

Champleve enamelling, of which a 
specimen is illustrated in 23, con- 
sists of two separate processes 
of engraving or curving and then 
filling these spaces in with enamel, 
and firing. A plate of eopjier, 
silver, or gold is taken and put 
upon pitch or resin attached to a 
bowl or stick (as described under 
Engraving), and the pattern sunk 
with a flat scorptv to about one- 
sixteenth of an inch in depth, 
leaving the dividing outline of the 
pattern raised. Then the enamel 
is pulverised with a pestle and 
mortar in water until it is a fine 
powder. Now it is washed so that 
all the milky part is entirely re- 
moved, after which it is put into 
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a saucer, and with the aid of a spatula or a brush 
the sunk parts arc filled up with the granulated 
enamel. It is now dried at the furnace, and when 
the furnace is of a pale red heat, 
it is slowly and carefully introduced, 
supported on a fireclay or iron 
planche. When it has become shiny 
it is withdrawn and allowed to cool. 

This is then examined, and if any 
parts are below th? surface of the 
raised metal lines they are filled up 
again ns before and tired once more, 
it is once more removed from the 
furnace and upon examination it 
will bo found to have some 
parts raised beyond the others ; 
these are ground down with a 
corundum file and water, and then 
refired. 

Cloisonne Enamelling. 

Cloisonne enamelling differs from 
the preceding only in the process of 
its preparation for the enamel. In 
this ease the eloisons or flat, thin 
strips of metal, either gold, silver, 

01 copper, are soldered to the 
motal surface to be enamelled. 

When the plate has been cleaned 
in “pickle” (sulphuric acid and 
water) the spaces are filled in as 
before and fired. 

Bassetaille. This is a process 
in which the metal is carved in relief 
below the general surface of the 
surrounding metal. The metal is 
cut sharply with gravers and scorpers. 

It is most advisable lirst to make a 
careful model in wax, and then to 
copy it in the metal. Then fill in and fire. There 
are no metal divisions in this case, but by care- 
ful handling the edges will not mix, and they do 
not do so in the furnace unless greatly overheated. 

Plique a Jour. 

Plique i\ jour is iden- 
tical witli cloisonne 
enamelling save that 
there is no back- 
ground of metal to 
which the wires or 
eloisons are soldered. 

They are simply sol- 
dered to ouen other 
and between thoso 
spaces the enamel 
powder, mixed with 
gum tragacanth, is 
placed, dried care- 
fully, and fired on 
a support which 
touches the edge of 
those parts where 
there is no enamel. 

This, for simple 
work, is very 
effective and easy. 

For more elabo- 
rate work suoh as 
a bowl or a cup, 
the metal cloison 
is laid upon a 
metal or fireclay base, which are filled in and 
fired as described for champleve, and the base 
is afterwards removed either by acid or other 
solvent. 
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Limoges or Painted Enamels. These 
enamels [26] are different in their manufacture from 
those obtained by the preceding processes. The 
sheet of metal is slightly domed 
so that it rests upon its edge. 
Underneath, it is covered with one 
coat of finely-ground enamel about 
one-eighth of an inch thick, and 
when this has l>ccn thoroughly 
dried it is turned over and the 
front is enamelled with a layer of 
rather coarsely ground enamels. 
The metal has, of course, been 
thoroughly cleaned as described 
under Pickling, before the enamel 
is spread upon it. This first layer 
is fixed and repaired, if necessary, 
until it is quite clean and bright. 
Then, upon this the subject or 
design is painted in white enamel, 
very finely ground with water, or 
with a glass mullcr upon a glass 
slab. With a brush it is then 
painted upon the prepared enamel 
plate [25 1. A great degree of 
modulation can be given to this 
white by putting it on in varying 
thicknesses, and 27 is a good speci- 
men of this. After firing, it is 
covered with transparent enamels 
and fired again. 

Another most advantageous and 
peculiarly characteristic part of this 
process is the use of foil. Just as 
foil is used to heighten certain 
stones so it is used to heighten 
enamels. These paillons of foil 
are cut out and stuck upon the 
enamelled plate, after which the different coloured 
enamels arc fused upon them. There is a great 
tendency to use foil, which should be guarded 
against as it is apt to give a meretricious effect. 

The whole work is 
no*\ taken in hand 
and parts are still 
further enriched wit h 
gold lines. The effect 
of a finely painted 
enamel is one of 
the most beautiful 
things it is possible 
to produce. 

Sand Casting. 
Sand easting is 
generally employed 
where simple surfaces 
and planes are the 
dominating feature 
of the model. In 
preparing the model 
it is obviously neces- 
sary to bear in mind 
the process in which 
the work is to be 
carried out. For 
sand casting this 
should be arranged 
so that the mould 
in sand will draw 
easily in the fewest 
possible pieces. Sand casting is very largely tlw 
equivalent of plaster casting from a piece mould. 
In cera perduta the model may be of any shape, 
undercut, and of the most uneven and intricate 
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25. ENAMELLING A PLATE ON WHICH THE SUBJECT HAS 
BEEN DRAWN IN IRIDIUM AND FIRED 
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design. But the reverse holds good in sand casting. 
In modelling for small work such as jewellery, it is 
a great advantage to use rather a hard wax, which 
can be done with ease if 
it be warm, so that when 
it is cold it will set hard 
enough to press the mould 
from it. The larger the 
work the more desirable 
it is to have tools and 
appliances, but for jewel- 
lery the simplest mould in 
plaster and briekdust — or 
a sand mould — is suilieient. 

The sand, which is lincly 
prepared, is put into a 
box and pressed down in 
a wet state, until it is 
almost- a solid mass. Upon 
(his the impression of the 
mould is made. Then tin; 
reverse of the model is 
taken in the correspond- 
ing half of the box. A 
V r -sha])ed hollow is cut 
from the inlet of the box 
on to the impressed mould 
and then the sand is dried. 

Charcoal powder is now 
sifted all over and the 
melted metal is poured into the mould from the 
crucible. This, in the simplest possible terms, is 
how sand casting is performed. From this ground- 
work (he most elaborate 
system of easting has 
been built up. 'Hie elabor- 
ations consist in making 
the pieces, or piece moulds 
necessitated by the diff- 
erent planes of the model. 

If these are numerous, as 
in a group of figures, it, 
naturally involves a great 
amount of careful planning 
and execution. All such 
pieces are united with iron 
(ii* bronze pins, as the cuse 
may be, and the core or 
heart of the mould is fixed 
in position also with pins, in 
order to keep (lie- inner edge 
of the mould and the outer 
surface of the core in their 
exactly separated positions; 
then the metal in a liquid 
state may run between them. 

Any parts of the mould, 
such as arms or legs of 
animals, or figures which are 
extended, are usually cut 
away from the main trunk 
and east separately. 'They 
are joined afterwards by 
brazing or soldering and 
riveting — a process which 
simplifies the casting con- 
siderably. Most of the work which is not large in 
dimension and is composed of many surfaces is 
now cast in the lost wax, or circ perdu, process. To 
compare these processes would be invidious, for so 


much depends upon the skill of the artisan. But the 
above is a guide to their differences and advantages. 
General Considerations. It is hardly 
necessary to dwell further 
upon the various processes 
of metal work or enamel- 
ling, or to ela borate in detail 
the intricate problems 
which present themselves 
in the practice of them. 
But it is as well to point 
out that the failures which 
everyone has to encounter 
at the beginning and dur- 
ing the pursuit, pf any art 
work, or, for that matter, 
any kind of work, and 
especially in its higher 
brandies, wherein the ele- 
ment of chance so largely 
enters — such as in the 
ease of repeatedly firing 
a piece of painted enamel — 
must all ho considered as 
incidents by the way from 
which it is possible to 
derive valuable knowledge 
for future work. Bor 
the cause of each failure 
rightly accounted for and 
successfully overcome is a step on the ladder of 
achievement. Failure then, should never be re- 
garded in the light of discouragement, and despair, 
hut as obstacles in over- 
coming which increased 
knowledge and strength is 
gained. 

It is most important also 
to hear in mind that the best, 
results can be obtained only 
from a material hv observ- 
ing if s properties and capa- 
bilities first, and never im- 
posing conditions upon it 
which are foreign to its 
nature and composition, 
which will militate against 
success ; hut always en- 
deavouring to express the 
true essentials of these pro- 
perties. That is to say, the 
full appreciation of the fact 
that material (be it metal, 
enamel, or any other) which 
is taken up for the expres- 
sion of an aesthetic emotion 
is in many respects both 
master and servant. By a 
rapid survey of work in 
which a misapplication of a 
material has been employed 
one can see what to avoid — 
such as in the case of 
mouldings, columns and 
capitals made in stone or 
wood have been copied 
in metal, or, again, where the forms of natural 
flowers and leaves have been closely imitated, and 
made as though they we.e growing out of a wire on 
the side of cup. 
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10. DETAIL OF STAIRCASE 


concerned, as one method of treating it, while 
it might bo represented without altering the 
essential features of its construction in many 
“ifterent but equally satisfactory ways. 

The drawings, therefore, that illustrate this 
article are not presented as the only correct and 
satisfactory method of treating certain features, 
but as examples of the manner in which certain 
fairly typical examples, of work are represented, 
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so th at the foreman and workmen who have to 
Mplally create the work shall be able to com- 
prehend thoroughly the architect’s intention. 

Joinery. A drawing such as 17 or 18 is sent 
to the builder and by him handed over to the 
foreman of the trade in whose shops it is to be 
executed, and he prepares from it full-size draw- 
ings on a board termed a rod. The joiner sets 
out vertical and horizontal sections, including 
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18. DETAILS OF A HALF-TIMBERED GABLE 


mouldings, but not, as a rule, an elevation, and 
from these rods the necessary amount of wood 
•is ordered, cut to scantlings, and in many shops 
prepared to some extent by the help of 
machinery, and then sent, with the rod, to the 
joiner’s bench for finishing. 

The rod for a small piece of work may consist 
of a single board, which is planed and the surface 
whitened, and the drawing' is then made with 
a fairly black pencil, all sectional parts being 
hatched. Where the rod is necessarily large 
’ Several hoards a to joined together. 

5638 


Details of Masonry, The mason must, 
where any complicated forms are used, set out 
his work on the rod in elevation as well as in plan 
and section ; and templets and face moulds are 
prepared from this in sheet zinc, as described 
in Masonry [pages 3039-40], and sent to the 
banker with the stone for the mason to work up. 

In preparing his details the architect must 
determine in Ins own mind, and must show upon 
the drawings, the manner in which the work is 
to be framed and jointed, and the exact manner 
in which any enrichment is to be applied to it. 













DRAWING 

This necessitates a thorough knowledge of the 
methods of work employed in the various 
trader or crafts and of the nature and limitations 
of the materials used in them. 

In the case of the masonry detail [17], the 
general size of the window is regulated by the 
portion of the building it is to light, and this 
cannot in many cases be greatly varied ; but the 
actual form of the window opening is susceptible 
of variation, and is determined generally by 
the style of architecture employed, and exactly 
by the taste or fancy of the architect, and this 
must be fixed with due regard to construction. 
In 17, which is small and not very complicated, so 
that it may bo reproduced to a large scale, the 
head or upper part of the w indow is occupied by 
tracery enriched with cusps, and all the bars of 
such tracery, whether straight or curved, lire 
usually designed symmetrically on a centre line ; 
this is frequently the centre of a fillet formed 
in the stone, and in that case does not appear 
as an actual line on the finished work ; but it is 
essential, to facilitate setting out, that it should 
he shown on the drawing, and in practice this is 
often done by a red or blue line for such centre 
lines, but in 17 by a dotted line. When curved 
lines are used the position of the centre from 
which they are struck should be indicated, 
and the length of the radius may be usefully 
figured. 

Templets and Moulds, In the case 

of the stones forming the jambs, which only 
differ from each other in the area of their beds and 
perhaps also in the height of the stones, a tem- 
plet giving the moulding should be prepared ; and 
this may be made to show by its actual length the 
w idest bed to be used, and, by a notch, the nar- 
rowest. In the ease of the tracery, face moulds 
will be required for each block that differs in 
shape from any other, and bed moulds will also be 
required, which, in most eases, are formed by 
the templet giving the moulding of tho rib. 

.All mouldings must be drawn full size, as the 
individual mason cannot be relied on to know 
the exact class of moulding suited to a particular 
style of opening ; any moulded strops or carved 
enrichments must also he detailed, or, in the 
case of carved enrichments, full-size models may 
be prepared. 

Carpenters* and Joiners’ Details. 

Details of carpenters’ and joiners’ work are shown 
on the same drawings, for in a great many 
instances the carpenter is required to prepare 
work to which joiners’ work is to be fitted, so 
that the two are intimately related [18]. Both in 
carpentry and joinery details the method of 
framing together the various timbers or boards 
of which any piece of framing is built up must 
be si )own. In the case of carpentry, in which the 
joints are generally large, and in the main 
simple, it is not usually necessary to show 
full-size details of the joints, but the method of 
forming them should be clearly shown on the 
| in. or 1 in. scale draw ings, and notes as to the 
actual scantlings of timbers may be added. 
If the piece of framing is to be ornamental in 
character, as, for example, an open timber 

Drawing concluded ; 
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roof, full-size details of all mouldings and 
enrichments should be supplied. 

Details of joinery are usually made to a larger 
scale than those for the carpenter, mainly for 
the reason that the work is, as a rule, more 
intricate, but partly because the various objects 
made by the joiner are in most cases smaller 
in actual size and can be drawn to a large scale 
without the drawing being cumbersome. The 
mortises and tenons of any framing may be 
quite well shown to a scale of 1 in. or even A in. : 
but it is very usual in any complicated piece of 
work to show tl\p method of framing together 
the various members on full-size details, and 
this sometimes requires considerable skill and 
ingenuity. As with other trades, all mouldings 
must be shown full size. 

The Object of Detail Drawings. 
As already pointed out, the small scale general 
drawings serve a double purpose ; their first use 
is to enable the architect- to present to the owner 
an exact representation of what he is proposing 
to build, and they later serve as instructions 
to the builder for the erection of the work. 

In the case of detail drawings, it very rarely 
happens that they are shown to the employer: 
this would only occur in the ease of some very 
special piece of ornamental work— such, for 
example, as the fittings for a library or fireplace-* 
and overman t( ‘Is or similar w ork. They are, in tin- 
main, instructions from the architect to the 
craftsman, by w r hich he is enabled to realise in 
actual work the architect's intentions, and all such 
drawings should he, therefore, as practical 
possible, and do not require to be highly finished. 

No useless labour should he expended upon 
them; any features that exactly repeat, for 
example, need only be drawn once, or, as in the 
window illustrated [IS]. the whole internal and 
external elevation need not be shown, but, where 
symmetrical, one half may be draw'll showing 
the external and one half the internal elevation. 
A plan or a portion of a section may also he 
drawn where it will usefully elucidate construc- 
tion, as illustrated [15], without reference to its 
effect on the appearance of the drawing merely as a 
drawing ; notes as to sizes, differences of material 
and points in arrangement and construction may 
be freely added, the architect’s object being to 
give to the craftsman such complete and clear in- 
structions as shall prevent any chance of error. 

Staircases. A staircase detail [ 16] is essen- 
tially a joinery detail, though it shows some 
amount of carpenters’ work also. The student i> 
referred for the plan to the illustrations previously 
given ; the two sections here completely illustrate 
the construction and make il clear that at no point 
will any person using the staircase fail to have 
proper headroom. This drawing would give the 
joiner complete information as to the con- 
struction, but he would require full-size sections 
of the following details, which the size of the 
illustration makes it impossible to show and 
which are liable to variation according to in- 
dividual taste; Nosing of tread, mouldings t" 
outer string, skirting moulding, moulding of 
handrail, and detail of cap to newel. 

followed by Design 
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By Dr. A. T. SCHOFIELD 


’"THE natural remedies for ill-hoalth include not 
* only a very large class of force*, such as 
light, heat and electricity, hut clement s, such 
as air, earth and water ; also environments of all 
sorts, and exercises , active and passive, of every 
description. 

Just as the general use of drugs is declining, 
so is the use and number of these remedies 
extending in a most marked way. Electricity 
alone has an enormous range of variety. Water, 
again, in spas and baths and beverages and 
hydropathic treatments, has endless ways of 
application. Exercise, in the form of massage, 
vibration, resisted exorcises, climbing, calis- 
thenics, etc., has a wide range of therapeutic 
efficiency, and so one might go through the list. 
Their increased use is due to two causes: (1) the 
fact that diseases are no longer regarded as 
distinct entities, which can be removed by 
special drugging ; and (‘2) to the discovery of 
the great therapeutic value of many forces 
unknown before, such as light, heat, vibration, 
and so on. 

Natural remedies arc spoken of further in 
dealing with the various diseases in which they 
are of value. 

The Medicine of the Mind. Psychic 
remedies are a large and, at present, but an imper- 
fectly understood class of remedies, the knowledge 
and use of which is increasing every day. They 
are of value in varying degrees in every disease , 
for there is no form of ill-health known that 
cannot lie benefited by the mind, conscious 
and unconscious, both of doctor and patient. 
Every remedy yet named has a psychic as well 
as a physical value. Drugs, for instance, act 
through the mind as well as through the body ; 
and, indeed, there are many recorded instances 
where the mind has actually reversed the physical 
action, as when opium pills, which are con- 
stipating, given for sleep, have been thought 
to be aperient pills, and acted accordingly. 

The power of every drug is increased or 
lessened by the mind. So with every form of* 
natural remedy. Travel, spas, baths, electricity, 
massage, all have a marked psychic value ; 
and this value can be immensely increased in 
various ways. Suggestions made consciously 
or unconsciously by the patient or doctor or 
friends, or by all. can make an inert medicine 
powerful for good. This is the rationale of 
placebos , or inert medicines, designed to act 
solely through the mind and thus made of 
marked benefit. The late Sir William Gull well 
knew the worth of these. 

But, besides acting through other means anti 
treatments, psychic medicine can be made to 
act directly on the sick. Faith healing in all 
Ui forms, which works such undoubted wonders, 


is a proof of this. Auto-suggest ion, the use of 
will power, and suggestions made by the doctor 
with or without the hypnotic state, are all illus- 
trations of this. 

The Need for Natural Remedies. 

No doubt psychic remedies are the most widely 
available, though by no means practically 
the most powerful. Theoretically, almost any- 
thing can he done with the body through the 
mind ; but the practical application has been 
so grossly abused and exaggerated that it is well 
to point out that the mind cannot always be 
thus powerfully influenced, and that, after all, 
drugs and natural remedies are easier of use, 
and in practice often far more powerful. 

Finally, both wisdom and experience are 
mueli needed rightly to use these three classes 
of remedies, so as to do good and not harm, 
and cure in the shortest time the disease in 
question. 

Ix*t none think, in this nervous and fanciful age, 
that a perusal of these pages will produce the 
ill-health of which they speak. It is our duty 
to know' our weak points as much as our strong 
ones, and, indeed, it can he; easily shown that 
the knowledge of the former is the more valuable 
of the two. But it is ridiculous to suppose 
that in any well-balanced mind the thought of 
weak points makes one weak. The foolish and 
contemptible altitude is with one’s head in this 
sand, to refuse to look at any weakness or danger. 

What should we think of a governor of a 
besieged town who refused to walk round his 
walls to discover the weak parts, in order that 
they might l>e better defended, for fear of the 
survey making the town weaker ? We know 
well that such a survey is the surest way to 
make the town stronger, and prevent its capture. 
Iti the same way here, we not only consider care- 
fully how r and when the enemy may obtain an 
entrance into our city — the body— blit also how 
he may he most successfully resisted and most 
easily expelled. The whole object of this section 
is to remove from our eyes that veil cj ignorance 
that renders us in emergencies helpless and 
paralysed for want of that simple knowledge 
that we shall here try to give. 

The Power that Knowledge Brings. 
These pages are written in the firm conviction 
that it will be impossible for their contents to be 
mastered without saving scores of lives from 
needless sickness, and many from preventable 
deaths. 

And not only so ; this section especially should 
do more, and enable its readers, should ill-hcalth 
have already effected an inroad through any 
ignorance or neglect, to understand how to resist 
and overcome it. No doubt prevention is better 
than cure, and it is also true that in many cases 
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the professional army of medical men must be 
called in to overcome the enemy. It is in the 
be gi nning of evils, and in the lesser dangers that 
so aiiftiniially beset us, that the city can be so 
well defended by the citizens, and where the 
ordinary man, by a little knowledge, can check 
the disease from going further, and save a pro- 
longed illness. 

No idea is entertained here of trying to make 
a man a doctor, ov of interfering in deep medical 
matters. The knowledge that these pages gives 
is that which every man should possess, and 
without which he cannot be said to l>e fully 
equipped for the battle of life. 

Ill-health Not Always Due to Disease. 
Many will wonder why this section is termed 
Ill-ueai/ih, instead ot the more familiar word 
“ disease ” being used. The answer is that 
there is much ill-health which is not due to 
disease, the former being a much more compre- 
hensive word than t lie latter, and here more use- 
ful. Not only so, but a man is concerned with 
his health, and ill-health is rather his subject, 
while disease is more properly the doctor's. 

Disease is, however, as wo have seen, an ex- 
pressive word, for all disease causes disease, 
or want of ease, and so does all ill-health. Ease 
is characteristic of health, healthy fatigue and 
rest alternately with work, each morning being a 
resurrection and each week begun with the same 
health, spirits, and weight as the last. There is no 
loss of health capital, and the income or amount 
of daily force is not therefore diminished. 

Tll-health is the opposite of all this, and, as a 
rule, the person is conscious of it. We say “ as 
a rule ” lx*caiisc there are some cases where a 
person may be much out of health and not 
know it, but there are more when he thinks lie is 
out of health, and is not : for at such a time 
his mind, at any rate, is out ot health, and that 
is a most important part of the man. 

Tll-health may be the result of functional 
or organic derangement. In other words, it may 
be due to faults in the working of some organ, 
or to faults in its structure. 

The Equilibrium of the Body. We are 
all familiar with the phenomena of a “ rocking 
stone”: where one stone of many tons' weight 
is so nicely balanced on another in a state of 
dynamic equilibrium that the slightest touch 
sets it rocking, a severe push from several men 
being required to displace the pivot so that it 
can no longer rock. This stone at rest may 
illustrate health; when rocking, functional ill- 
health ; when displaced, organic ill-health. 

Ill-health is really the result of tw r o factors 
— the power of icsistanee and the force of 
attack. The first factor, resistance to disease. 
depends upon the condition of the individual, 
which makes him more or levs vulnerable to 
attack; the second factor, the force of attack, 
depends upon the character of t lie assailant. 

The causes of ill-health are therefore of two 
descriptions — predisjnsing or passive, connected 
with resistance,* and exciting or active, connected 
with attack — and it is upon the varied combina- 
tions of these two that the special variety of 
disease or ill-health depends. 
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l^et us illustrate this. You are standing 
at the back of a hot hall in company with others, 
in a strong draught. When the lectdre is ovei 
you all go home. The next morning you 
have bronchitis, anothor rheumatism, another 
a cold in the head, another pneumonia, another a 
liver attack, while another is perfectly well. 
Here then is the same attacking or exciting 
cause —the draught of air (laden, of course, witli 
germs) — and six different results, depending 
mainly upon the difference of the predisposing 
cause or the power of resistance. 

The Causes of Ill-health. The chid 
predisposing cadses are five : sex. age , heredity . 
environment . and previous disease. The' chief 
exciting causes are the breaking of the five laws of 
health concerning food, air , clean! i ness ,, clothing, 
exercise . and rest. We will look at them briefly 
in order that we may understand a little better 
in what ways our health is really threatened, 
and hoy these dangers may bo avoided. We 
will take the predisposing causes in order. 

Sex is a marked factor in determining <1 
disease. There are, of course, special diseases 
of women and of men. But apart from this 
alia woman’s organs are more finely constructed ; 
her frame* has loss strength and less pow r cr of 
lesistanee, and tin* general ratio between wonun 
and men is as 5 is to 8. The climacteric periods 
at 15 and 45 are more soiious with women. About 
puberty, girls especially are liable to nervous 
disturbances, also of the stomach, neuralgia, 
constipation, acute rheumatism, and arnemia 
Women generally are more prone to diseases 
of sedentary and confined lives, especially 
consumption. (Iidd-bcaring also introduces, 
as a predisposing cause special to the female sex, 
a fiwt or leading to much ill-health. On the 
other hand, men are especially liable to accidents, 
and all ill-health due to exposure; they are also 
liable to epilepsy, tetanus, gout, diabetes, spinal 
disuses, bladder, lung, and kidney diseases, 
and digestive troubles between the ages of 20 
and 45. 

The next piedisposing cause of ill-health is 
Age. The seven ages of man are these : 

(1) Infancy, from birth to 7-l0th month. 

(2) Childhood, from 1st to 2nd dentition. 

(3) Boyhood, from 2nd dentition to puberty. 

(4) Youth, from puberty to 20-25 years. 

(5) Early manhood, from 25 to 45 years. 

(6) Later manhood, from 45 to 60 years. 

(7) Old age, from 60th year onwards. 

The Chinese Ten Periods of Life. 

The Chinese divide life into 10 periods, and the 
divisions are so quaint that we give them here: 

From 1 to 10 — The opening degree. 

From 10 to 20 — Youth’s experience. 

From 20 to HO— 1 The strength of manhood. 

From 30 to 40— Officially apt. 

From 40 to 50 — Error knowing. 

From 50 to 60 — Cycle closing. 

From 60 to 70 — Rare bird of age. 

From 70 to 80 — Rusty visaged. 

From 80 to 90 — Delayed opportunity. 

From 90 to 100— Age’s extremity. 

It must be remembered that the reckoning 
of age by years is nearly always fallacious; 



many a man Is old at 30 and young at 60. 
Indications of old age, such as loss of hair and 
teeth, are also frequently met with in youth. 
But speaking generally distinctions due to age 
hold good. 

The young suffer from infectious diseases, 
acute affections of the mucus membrane and 
glands, the skin and lungs, and especially con- 
sumption — from which diseases the old are 
mostly free. 

They, on the other hand, are prone to all 
diseases due to degeneration and to decay — 
to diseases of blood-vessels, to cancer, chronic 
bronchitis, heart failure, and most chronic 
complaints. 

Heredity and Health. It must be noted 
that we do not inherit diseases , but weakness of 
certain organs that 'predispose to them. The former 
leads to apathy and despair, the latter to action 
and hope. All of us are compounds in varying 
proportions of our six immediate ancestors, 
— viz . , our four grandparents and our two 
parents ; and practically any hereditary weak- 
ness wo may possess must have been derived 
from one of these. Heredity, however, does 
not lead to fatalism. You study it, not to 
discover if you are descended from a drunken 
or a nervous stock, in order that you may be 
a drunkard or a nervous sulTcrer, but in order 
that, forewarned and forearmed, you may 
successfully resist these tendencies, and thus 
guard the weak points. We can all make* 
ourselves healthier than we were born, for none are 
descended from six perfectly healthy ancestors ; 
and we can all avoid ever Buffering from any 
particular form of disease to which we may 
have inherited a tendency. The writer firmly 
believes that every predisposing cause of disease 
can be overcome. 

Temperament and IU*health. But 

perhaps the way in which heredity is most 
marked is in what is called the constitution 
or temperament. This word means the sum 
total of our powers of resistance to ill-health, 
together with any marked predominance of 
any one system of the body over others, or 
special peculiarities that may stamp the in- 
dividual. 

We will, therefore, review the different types 
of temperament and constitution. These arc* 
generally divided into four — the sanguine , the 
lymphatic , or phlegmatic, the bilious , and the 
nervous. These varieties do not imply any disease, 
but are, rather, different types of health, the term 
“ health ” being always relative to the person, 
no two people having exactly the same standard 
of what constitutes health, and few approaching 
the abstract ideal we have indicated above. 
Certain characteristics are sufficiently predomi- 
nant in each of these temperaments to distinguish 
them by ; though it must not be forgotten that, 
while in real life we often find the typical 
specimens we hero describe, we also meet with 
every variety and combination. 

The Sanguine Temperament. The 
sanguine temperament is characterised by a 
florid complexion, full and rounded body, 
blue or grey eyes, and light-brown, auburn, or 


ILL-lHKAl'TH 

red hair. The circulation is full and active, the 
digestion good, the character hopeful, energetic, 
and self-confident, full of force in body, and 
mind, as befits those who have a strong current 
of good blood. These people have large chests, 
small heads, small veins, good muscles, while 
their actions are energetic and decidod. With 
regard to exposure to injury they are readily 
affected by sudden changes and contagious 
diseases ; and when attacked, the disease seems 
to lay a firm hold on them. They are more 
liable to acute than chronic diseases. They 
h: ve, therefore, somewhat defective powers of 
resistance. The moral disposition seems also 
to yield to adverse circumstances, and the 
character not to be very stable. The temper is 
often hasty, though never sulky and unforgiving. 
They are volatile in disposition, fond of change 
of work and amusement. 

In women this temperament shows its best 
qualities ; they are loving, devoted, and cheerful 
in mind, while in body the outline is rounded, 
the skin clear and often very fair. We thus get 
typical forms of female beauty among this type. 
This temperament is common among the 
Anglo-Saxon race. 

The Phlegmatic Temperament. The 

lymphatic, or phlegmatic, temperament is 
marked by flaxen or sandy hair, light eye- 
lashes, grey or light-blue eyes : complexion fair, 
dull or muddy : skin delicate and readily freckled. 
The body is heavy, often ungainly and ill-pro- 
portioned, with large joints and hands and feet. 
The muscles are large, but the movements are 
awkward and slow, owing to want of nervous 
vigour. The chest and head are comparatively 
small. The movements are slow, the passions 
evanescent, and soon subside ; the intellect is 
dull. The circulation being sluggish, the nervous 
centres are so too ; for a slow pulse means slow 
thought. Nevertheless, there may be firmness, 
solidity, and soundness of judgment. 

The power of resistance to disease is inferior, 
and the tendency to chronic, and particularly 
scrofulous, disease is great. This type is said 
to prevail among the Dutch and Germans, and 
to be frequently found in England. 

The Bilious Temperament. The 
bilious temperament is supposed to arise from 
excess of bile in the system, but of this there 
is no proof whatever. This temperament is in 
many respects the opposite of the sanguine, and 
in it other functions are all more active than 
that of circulation. As a rule, the individuals 
are dark. The body is spare, though it may be 
large ; the joints large, the figure angular, the 
features well-defined, but sometimes coarse. The 
elieek-bones are high, the eyes lm/cl or brown 
— sometimes grey, the lips thick, the jaws firm 
and strong. The body evinces powder and has 
a strong resisting force against disease. The 
mind is firm, and often obstinate ; great 
tenacity of purpose and attachment, the devotion 
strong, "but to few objects. Slow judgment, but 
not easily shaken, and strong prejudices. In women 
the temperament generally produces firmness of 
mind, angularity of frame, and hardness of 
character, with dark complexion and hair. 
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There is, however, another variety of bilious 
temperament among women that almost forms 
a special type. In it the face is slight and more 
delicate ; the hair is smooth, black, and glossy ; 
the character soft and melancholy. They are 
never stout ; the complexion is clear olive, 
sometimes of marble paleness, and the' eyes soft 
hazel. The temper is docile, indolent, and of 
unchanging affection and constancy. 

The Nervous Temperament. The 

last temperament is the nervous, and while in 
two of the other temperaments the names do 
not afford a reliable clue as to their cause, in 
this it docs. The nerves and intellect here 
predominate over the body. The skin may be 
dark and earthy, or pale, or delicately tinted 
with pink ; in fact, of any shade. It is often 
hot and dry. The skull is large in proportion 
to the face, the muscles spare, the features 
small ; the eyes quick, large, and lustrous ; the 
eliest narrow, the circulation languid, the veins 
large. The face is characterised by energy and 
intensity of thought and feeling ; the movements 
hasty, often abrupt or violent, or else languid. 
The hands and feet are small, the frame slender 
and delicate. The nervous ' require sleep, but 
drink much tea ; th^y are prone to all nervous 
diseases, and invariably appear able to (lo more 
than they are doing. 

The character may be, on one side, admirable 
for its power of mind and insight, for its lofty 
imagination ; while, on the other, it may hr 
disfigured by impetuous and unruly passions. 
To this class belong the most intellectual of the 
race, the wittiest, the cleverest of mankind. 
These are the poets, the men of letters, the 
students, the professors, and the statesmen. 
Their great dangers consist in uncontrollable 
passions. They feel pain acutely. Neverthe- 
less, they can endure long fatigue and privation 
better than the sanguine. They form the leaders 
of mankind. 

Among women there is delicacy of organisation, 
quickness of imagination, and fervour of emotion, 
a temperament of the greatest interest and fine- 
ness, but beset with danger for want of a firm 
control of its great powers. 

Environment and Ill-health, Environ- 
ment is the next predisposing cause, and includes 
the work or occupation, ami tin? situation as to 
climate and soil, and town or country. It is 
obvious, besides the special danger of noxious 
trades, that a man’s occupation has a great 
bearing on his health ; and it is also clear that 
climate, soil, and locality have the same. As 
these subjects have already been treated in the 
section on Health they are not enlarged upon 
here. One fact is enough to show their enormous 
importance. If two young men start life at 
twenty, the one as a town and the other as a 
country labourer, the latter will, on an average, 
live twenty years longer than the former, a fact 
which gives an additional force to the cry of 
the social reformers — “ Back to the Land.” 


Previous disease is > constant predisposing 
cause of ill-health. Pneumonia, rheumatism, 
cholera, epilepsy, influenza, tohsiiitis, are/- for 
example, all prone to recur. Other dfcea&es 
may not recur, but may predispose to' other 
diseases, as whooping-cough to measles, and 
vice versa. Or a disease may leave some 
special weakness behind it that may thus prove 
a danger. 

The Five Laws of Nature. We will 

turn now to the five exciting causes of diseases, 
which arc, in fact, the breaking of the five laws 
of health --food, air, cleanliness, clothing, and 
exercise and rest. 

Bad food and drink is actually responsible 
for the loss of some 2,000 lives a week, and is 
the exciting cause of most internal organic 
diseases, as well as of the self-made poisons of 
the blood, such as gout, rheumatism, etc. About 
three-fourths of infant mortality is due to this 
one excising cause. With regard to alcoholic 
excess, about one-tenth of all deaths arise from 
it, 120,000 people dying annually from this 
cause in one way and another, while its direct 
victims number 1,000 and more a week. 

Impure air includes all germ-laden atmosphere, 
and causes infectious diseases. Changes of tem- 
perature in the air are also a. cause of chills of 
various organs, with their attendant evils. 

The absence of cleanliness in drinking water is 
1 he chief if not the only cause of typhoid fever 
and cholera. Personal cleanliness, or rather the 
want of it, lead to many forms of ill-health. 

Improper clothing of various sorts is the cause 
of many ills, especially among women. 

Want of Rest. Finally, the want of proper 
exercise and rest, or their excess, cause many 
diseases. Tt is hard to say which of the two 
most conduces to ill-health — want of exercise 
or want of rest. Nearly all functional dis- 
eases, as opposed to organic, arise from some 
breaking of this last law : and perhaps nowa- 
days, in these high-pressure times of sedentary 
occupations, they form one of the chief causes 
of ill-health. Excess of work frequently goes 
with too little rest, and constantly produces 
breakdowns. 

The only addition that need be made to the si 1 
five chief exciting causes is accidents, which we 
shall consider later. 

Before closing this general survey, it should 
be carefully noted how very preventable all these 
ten causes of diseases are. Jn the predisposing 
causes we must remember the disease is not 
actually produced. At most, only the train is 
laid for it, which need never be fired. The 
exciting causes, one and all, are preventable. 

Few need eat bad food, or drink to excess, or 
breathe foul air, or drink dirty water, or wear 
insufficient clothes, or deny themselves sufficient 
rest. The more one looks at this list the more 
apparent is it that our health is far more in our 
own hands than we ever supposed. Bad health 
is almost invariably the outcome of ignorance, 
carelessness, wilful neglect, or superstition. 


Continued 
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By Professor JAMES LONG 


The Turkey. The varieties of turkey 
common to this country are the American 
Bronze, originally produced by the aid of the 
wild turkey, the Black Norfolk, and the 
Cambridge, the plumage of which is of a mixed 
character. Birds of the two latter native 
breeds seldom, if ever, exceed 30 lb. in weight, 
while the Bronze has, in this country, exceeded 
45 lb., the writer having once exhibited a bird 
which scaled 43 lb. Good cockerels of a year 
reach 25 lb., while pullets have attained as 
much as 17 lb. The Bronze variety 1ms been, 
in many cases, crossed with our native breeds, 
but it is still the largest and handsomest of the 
turkeys of this country, and has made breeding 
and rearing for the Christmas market a profit- 
able industry. There are also White and Buff 
turkeys, but neither variety is bred to any 
extent, chiefly owing to the smallness of the 
weight attained. 

Good Points In Form and Colour. 

The turkey should possess a long breast -hone, 
a deep and well-rounded body, the upper line 
of which is slightly curved, while the breast is 
broad and deep. There’ should be plenty of 
length in the leg, well developed thighs, and a 
capacity to attain heavy weights in the first 
year. The Bronze turkey [83] is not only lustrous 
in colour, but displays a variety of tints, 
especially in the sunlight, these being chiefly 
bronze. The colour of the tail differs from 
that of the body, inasmuch as it is black, some- 
what indefinitely pencilled with brown, each 
feather being crossed with a black, broad 
stripe which finishes with a lightish fringe at 
the end. The colouring of the hen is never so 
brilliant as that of the cock. In all the dark 
varieties of turkey the eye is hazel in colour, 
while the face, wattles, and head-gear, known 
as the " caruncle,’* are all of a brilliant red in 
the healthy adult. 'The Norfolk turkeys are 
black throughout, and the White and Buff 
without any other shade of colour. 

Avoiding Confinement. Where turkeys 
are bred, they should be kept apart from every 
other kind of poultry. They thrive best upon 
dry soil which is well sheltered, but which is not 
low lying, and the larger their run or the greater 
their liberty, within reason, the better. One 
difficulty is their aptitude to stray, and to lay 
their eggs where they cannot be found. Turkeys 
do not thrive in the ordinary poultry house. 
When there are farm buildings they maintain 
much better health if permitted to roost on the 
rafters, under the roof, or still better on the 
branohes of pine trees in a small plantation 
close to their home. Thus, contrary to general 
belief, the turkey, which is delicate as a 


chicken, thrives better when exposed to the 
open air than when kept in confinement. 

Breeding. The best and hardiest young 
stock are bred from birds which arc two or three 
years old. If possible, cockerels and pullets 
should not he employed for reproduction. 
The constitution of their young is never so 
strong, nor are the weights obtained so great 
as when adult birds arc mated together. [fc 
is impossible to heat a breeding pen com- 
posed of three-year-old hens mated with a 
two-year-old cock. The male birds should never 
he loo heavy, and although like produces like, 
it is wiser to employ large-framed hens and 
adult cocks of a size slightly above tlio medium, 
hut they should not be fat. Hence, tho im- 
portance of giving them free range, and of 
withholding fattening food. If the hens are 
too fat the eggs they lay will he few in number, 
while if all the birds are in prime vigour and 
what we may term store condition, eight to ten 
hens may form the breeding pen. The number 
of eggs in id by turkey poults (pullets) and liens 
varies from 30 to (>0, or even more, although the 
larger numbers are seldom obtainable, for 
the reason that few, if any, efforts are made to 
retain tho l>est layers for stock purposes, owing 
first to the importance attached to size, and 
next to the difficulty of ascertaining which hens 
lay the eggs that are found. The turkey 
prefers a nest of her own selection in a secluded 
spot, and is not easily induced to lay in a house, 
much less in a trap nest, for which reason many 
eggs are lost w here the birds have a free range. 
It is, however, a good plan to provide neats in 
outhouses and in corners where they can lie 
covered carelessly with brushwood, or any 
material which will help to conceal them. Where 
hens lay in nests of their own selection, they 
usually sit in them when broody, but many 
hens are less sensitive and excitable, and may 
he set upon eggs provided by the owner. 

The Need for Cleanliness. Young 
turkeys suffer, perhaps, more than any other 
variety of poultry from the attacks of parasites, 
which 4 , if numerous, are the cause of many 
deaths among them. For this reason, not only 
should the nests be made in clean spots where 
there are no vermin, hut the hen herself should 
be carefully examined and dusted with insect 
powder or any simple insecticide, that she may 
not be the means of communicating parasites 
to the chickens as they are hatched. When 
the eggs are placed in tho nests they should bo 
so marked that they may he distinguished from 
others which sitting hens occasionally lay. 
The young birds may be expected on the twenty- 
eighth day. 
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Behring Young Turkeys, After 
♦ hatching, the hen and her young should be 
placed in a large coop, well sheltered, on a dry 
and absolutely pure soil, where no poultry have 
been,;, before. Great care must be exercised 
during the first fortnight, and special precautions 
taken against two difficulties — the attacks of 
: vermin, which are frequently found upon the 
head of the young, and diarrhoea, which is 
often caused by dirty water, irregular feeding, 
or improper food. At the end of fourteen days 
the birds may have their liberty, unless it is 
possible for the hen to lead her brood into the 
wet grass, which is often fatal to one or more 
of her young ; but in no case should close and 
continuous cooping be resorted 1o. 

As regards food, that supplied may consist 
of chopped egg and breadcrumbs, followed by 
dry curd produced from new milk : bread sopped 
in milk, followed by rice, wliea-t, or groats, boiled 
or soaked in milk until quite soft ; oatmeal : 
and an occasional sprinkling of hard grain, 
which, however, had better not be given until 
three or four weeks after hatching. Green food 
may consist of chopped lettuce, cut grass, and 
dandelion leaves, which were strongly recom- 
mended by the late Lewis Wright, a high 
authority on the subject. The birds should he 
fed often, but the food supplied should l>e little 
at a time. As the birds increase in size, they 
may receive larger quantities of meal mixed 
with skim milk, especially ground oats and 
, toppings, cracked maize, wheat, finely smashed 
fresh bone, which is better than bone meal, with 
milk to drink, while they should ho encouraged 
at the earliest opportunity to roost in the open. 

When young turkeys are ready for finishing 
off for the market their liberty should be re- 
strained, and they should be fed more freely ; 
the meal provided for their rations should be 
mixed with milk, and if deemed necessary 
with small quantities of fat once daily. Tender 
normal conditions the birds w ill not need 
either cooping or cramming ; Imt it will not be 
found to answer to feed them on a fattening rat ion 
and at the same time to give them a free range. 

. Some Useful Geese. The varieties of geese 
known in this country are the White Embden, the 
Grey Toulouse, the Canadian, and the Sebastopol, 
with its curled or frizzled feathers. The two 
former breeds, however, being alone useful are 
those with which we have to deal. The Embden 
goose *[86], which is a more rapid grower than the 
Toulouse 1 88], w hile its feathers arc more valuable, 
is orange-coloured in the bill, legs, and feet, 
while the plumage is white throughout. It 
reaches great weights, the gander having ex- 
ceeded 30 lb., while the geese have reached 
from 22 lb. to 24 lb. The Toulouse goose, also 
provided with an orango bill, legs, and feet, 
is chiefly grey in plumage, the wings and beak 
being edged on each feather with a much lighter 
shade approaching white. The neck, w ings, and 
breast are grey, the tail being white banded 
with . grey. While the weights of ganders 
exhibited at some of our great shows have 
reached from 35 lb. to 38 lb., pairs of Toulouse 
have reached over 60 lb., but birds of this size 
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are tod tat for all practical purposes, ahid the 
i.'any we have seen in the past werp" really 
kept, for prize-taking. - v : : 

Geese live to a great age, but their econbmical 
properties do not often extend beyond ten years. 
The number of geese kept in, this country is 
not very large, while it diminishes with Ihe 
enclosure of commons and waste places upon 
which labourers and other country people in 
humble positions have bred geese fpr a long 
period. With a wide range, they practically find 
their own livelihood, after the first two or three 
weeks from hatching, inasmuch as they are close ^ 
grazers, for which reason it is not advisable to 
turn them into a pasture with large farm stock, 
for a number of geese quickly eat down the 
herbage close, and at the same time soil it. 

Feeding Goslings. The goose sits at the 
outside thirty days, although the goslings often 
hatch a day or so earlier. Hens are often used 
for hatching, but they need not be retained with 
the young goslings after the expiration of a 
fortnight, when the youngsters can take care of 
themselves. Goose eggs also hatch well in an 
incubator, and the goslings may be reared in 
appropriate brooders with greater ease than 
chickens. In the ordinary way the goose or hen 
and young should be cooped for ten days on a 
dry spot well sheltered from the sun, after which 
the birds may have their liberty. The food first 
supplied to goslings is similar to that supplied 
to chickens and ducklings- chopped eggs and 
breadcrumbs, followed by oatmeal, barley meal, 
toppings mixed with milk, and occasionally with 
boiled potatoes, soaked grain, and chopped or 
boiled greens. A few weeks after hatching, hand 
feeding may be gradually diminished, for as the 
birds begin to take advantage of their liberty, 
they graze with freedom, and soon find all the 
food they require, if obtainable. If they are to 
be fattened, they may be' turned upon the 
stubble when corn harvest has been completed, 
or hand fed with maize, oat. or barley meal with 
some liberality. They require a roomy, well- 
ventilated house,' the floor of which should lx* 
bedded with straw. Water is not essential to the 
maintenance of geese, but it is useful : although, 
when fattening their daily swim should be stopped. 

In breeding, three geese may be mated with a- 
gander in the month of January or early 
February. They should be in store condition— 
if., not fat— and goslings of the previous year 
should not form part of a breeding flock. The 
eggs laid vary from fifteen to twenty-five, and arc 
frequently laid in two batches, so that many 
persons refrain from allowing a goose to sit until 
she has laid her second batch. 

The demand for geese among the best class of 
consumers is comparatively small, but large 
numbers of Irish bred geese find their way to this 
country, and are sold from Michaelmas to Christ- 
mas at somewhat low prices — prices, indeed, which 
would not pay the ordinary English producer. 

The Best DucKs. There are several breeds 
of duck known in Great Britain, although the 
varieties kept for poducing food .are prac- 
tically confined to the Aylesbury, thfe Rouen, 
the Pekin, and the Indian Ku*me& Aylesbury 
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duck [85] possesses purely white plumage, a flesh- should not be fat, thrive best when at liberty, 
coloured bill, and orange legs and feet. It is an especially where there are ponds and 4 ditches m 
economical bird of great value, laying a largo which they can find plenty of animal fbdd. 
number of pearly-white or green eggs, and pro- Housing and Rearing DucKlings. 
ducing meat of the finest quality. Ducks should bo kept in their house until after 

The Rouen duck [84] closely resembles the mal- laying, otherwise they are apt %Q lay away, or 
lard in plumage. The bill of the drake is a yellowish even in the water. The house should 1x3 dry, 
green, with a black mark resembling a bean at the abundantly ventilated, and bedded with straw, 
tip, while that of the duck, which possesses the It is usual to mate from four to five ducks with 
same mark, is also marked with black on the a drake, but birds of the previous year are better 
centre on an orange ground. Briefly, the Rouen avoided, mature stock producing the strongest 
drake has a metallic -green head, a white ring and largest ducklings. When the young birds are 
round the neck, a claret -coloured breast, French hatched, the first food may consist of chopped 
grey flanks, ■which are delicately pencilled, and egg and breadcrumbs, followed by boiled rice, 
metallic purple wing bars, merging into black at chopped meat, dry curd, and chopped lettuoe; 
each end, and then fringed with white. The tail is and in a few days these foods may be varied by a 
brownish black, some of the feathers curved, as ration of oats given in a small vessel of water 
in all males of British varieties, the Muscovy which the birds cannot enter. Tn three or four 
excepted. The legs and feet are of a reddish colour. weeks the meat ration is increased, and as the 
Importations from Other Climes. . ducklings are intended for marketing at from 
The Pekin duck, which was introduced into eight to ten weeks— at any cost before moulting 
this country about thirty years ago, has orange begins — they are liberally supplied with meal, 
legs, feet, and bill, while the plumage is a canary- mixed with milk and fat, with some finely-cut 
tinted white. The Pekin has a largo head and a bone or butchers’ offal. Many feeders use as fat 
short bill, while the body, which has considerable the greaves produced by the tallow chandler, 
breadth, is carried very upright. The duck lays a At nine weeks the birds should reach 4 lb., and as 
large number of fine eggs, an average of 150 per a guinea a couple is sometimes realised in the 
annum having been reached. The Cayuga duck is best season, although the average price through- 
of American origin, but has been improved In out the year may be nearer -4s. per bird, it 
size and colour by crossing in this country. It follows that rapid feeding — which means liberal 
is almost as large as the Ay lesbury ; the plumage feeding — is the most economical. Although 
is a rich, metallic, lustrous black, while the beak ducks sometimes reach, and in the case of the 
is of a black slate colour at the sides and dense Pekin exceed, 10 lb. in weight, they are of little 
black in the centre. The Muscovy duck, which use for breeding, stock ducks varying from 6 lb. 
has little to recommend it, is remarkable on to 7 lb. at t lie* outside. Where ducklings arc 
account of the difference between the size of the bred and fed on a large scale for market, thoy arc 
male and the female, the former sealing from kept in companies of 50 to 100. Ducks are 
10 lb, to 12 lb., and the latter 5 lb. to 0 lb. The hardier than chickens, and frw are lost under 
duck is a bad layer, and the breed cannot be normal conditions, but carelessness, dirt, ex- 
rccommended for the table. The Indian Runner posure, and bad food may cause diarrhoea, 
duck [87 1, which, like the Pekin, is very upright The Guinea Fowl. The common guinea 
in- carriage, and weighs from 4 lb. to 5 lb. at fowl kept in this country for egg and meat 
the outside, is a hardy bird, a great forager, and production has a knob or helmet on the head, 
a most excellent layer, producing from 100 to and red wattles or gills, the plumage being a 
120 white eggs per annum, and finding most of purplish blue grey, with white spots evenly 
its food. In colour it is fawn or grey and white, distributed throughout. It is fine in the bone, 
the marking being very exact, while the hill weighs about 3J lb., and produces small eggs of 
of the adult bird is green, with a black bean extremely rich flavour and delicate meat of fine 
mark, and the legs and feet yellow. Among fancy quality. The young chickens are not very hardy, 
ducks most generally recognised at the exhibitions and they require frequent feeding on egg. hread- 
are the black East Indian , the Mandarin and the crumbs, crushed grain, and finely chopped meat, 
Carolina, For economical purposes, the best duck which they especially need. They should be 
‘is, perhaps, that produced by a cross between the kept in a confined run in the air until they are 
Aylesbury drake and the Pekin duck, the latter large enough to be liberated. As they grow 
having a larger frame, and producing larger eggs. they will forage like adult birds, and soon find 
Breeding Ducks for the Table, all their own food, although they will respond 
Duck breeding for the table is now conducted to the call and feed with hens. They are apt 
on a considerable scale, many persons producing to lay in hidden nests, from which cause many 
several thousands in a year. The l>est markets eggs are lost, but by careful training when young 
Extend from February to May, and those who they may he induced to lay in house nests, 
provide for them in large part make a practice It is a good plan to allow them to roost in trees, 
of purchasing eggs from November forwards, especially old firs or yews, near the poultry 
or hiring or purchasing pens for hatching, or of yard, as they are most excellent watch dogs, 
employing incubators. For breeding stock screaming in their peculiar way when disturbed 
water is essential, many eggs being otherwise at night. The hen lays from 60 to 70 eggs, 
unfertile, hut young birds intended for fattening while the young hatch'. in from 26 to 28 days, 
are not allowed to swim. Breeding ‘birds, which hens being usually employed for incubation. 

Continued 
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Sea, a small 1 Caspian, and a considerable Pacific 
trade. It has’ also a large overland trade, especially 
with the Central European Powers, and with its 
neighbours in Asia. Statistics distinguish between 
trade which crosses the European frontier, including 
the Caucasus, trade with Finland, and trade which 
goes across the Asiatic frontier. The figures arc 
given in millions of roubles; 1,000,000 roubles is 
worth rather more than £105,000. 


Year 

Trade across European 
frontier and Black Sea 

Trade with 

Trade across 
Asiatic 

Total 


frontier of Caucasus 

Finland 

frontier 


1902 

787*2 

38*0 

35 1 

860-3 

1905 

954-4 

38-3 

5 *'3 

1047-0 


Excluding trade across the Asiatic frontiers, the 
following arc the exports for 1904, the last year for 
which complete figures are available. 


Class of export 

Value in millions 
of roubles ( 

Peiveiitago 

Articles of food 
ltaw and partly manufae- 

014-9 

1 

64’4 

tured goods . . 

300-8 

21-5 

Animals 

101 i 

17 

Manufactured goods . . 

23*2 

2-4 

Total 

955*0 

100-0 


These figures may be compared with those for 
Canada, with which they present a general simi- 
larity, though animals and manufactured goods bulk 
larger in Canadian than in Russian exports. Of 
the articles of food exported from Russia, wheat is 
much the most considerable item. The principal 
raw and half-manufactured goods are timber and 
wooden goods from the forest zone ; naphtha from 
the oil districts ; and fiax from the agricultural zone. 
Raw cotton, to tho value of 18*5 million roubles, and 
sugar, to the value of over 11*5 million roubles, are 
the chief exports across the Asiatic frontier. 

Imports* Taking the same classification of 
commodities as for the exports, the following were 
the imports into Russia in the same year, 1904, 


Class of import 

Value iu millions 
of ronblrs 

JVrinita.vrr 

Articles of food . . 

92-5 

15-9 

JR aw and partly manufae- 



tured goods 

332-8 

57-0 

Animals 

1-5 

0 2 

Manufactured goods . . 

156*7 

20-9 

Total 

583*5 

100 0 


In the first group, tea is first in value, followed by 
wine and spirits among the foods. Haw cotton is by 
far the most important import, accounting for more 
than one-sixth of the total value of the imports. 
Raw metals, coal, wool, and gums and resins are the 
next in order of value among the raw and partly 
manufactured goods. Machinery, metal goods, and 
textiles are the principal manufactured articles 
imported. Compare, again, with Canada. 

* Across the Asiatic frontier the imports are tea 
Trom China, but in diminishing quantities ; rice from 
Persia, and raw cotton from Russian Central Asia, 
the latter in increasing quantities. 

Countries with which Russia Trades* 

As might be expected, the German Empire is 
Russia’s best customer, the trade passing both over- 
land and by the Baltic. The United Kingdom is 
second, sending in coals and manufactured goods in 
exchange for timber, hemp, fiax, and some cereals, 
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through, the Baltic ports, and receiving: large quan- 
tities of cereals through the Black Sea ports. 

The following table indicates the value of Russia’s 
trade with some of her most important customers. 


Country 

Imports from 

Exports to 

Total , s 

Millions of 

Millions of 

Millions of 


roubles 

lonble* 

roubles 

Germany 

225-0 

234*0 

459*0 

United Kingdom 

102-5 

230-8 

333*3 

Netherlands 

11*2’ 

99*0 

110*2 

France 

280 

61-9 

87*9 

Finland 

24f> 

46*3 

70*8 

United States . . 

62-5 

4-3 

80*3 

Austria-Hungary 

21-4 

40-4 

61*8 

Egypt 

15*8 

4-3 

20*1 

China . . 

19-0 

2-4 

21*4 


Notice tho distribution between imports and 
exports in the case of the United States, Egypt, and 
China. The explanation in the ease of the two 
first is cotton, in the last tea. 

The Scandinavian Lands. Sweden and 
Denmark broadly resemble tho other Baltic lands. 
Western Russia and Northern Germany. They 
consist of morainic lake-lands, interspersed with peat 
bogs. Forests are numerous, and timber, joinery, 
wood-pulp, and resins are among the exports. 
Agriculture 1 is carried on in the clearings of Southern 
Sweden, and dairy farming (butter, cheese, eggs, 
bacon) is a staple industry of Denmark. Sweden 
possesses rich deposits of iron ore at Dannoinora 
and Gellivara [sec page 1502]. 

Sweden. Nearly half the. population (45 per 
cent.) of Sweden live by farming, quarter by 
manufactures, trade, and transport, and six percent, 
by mining. The manufacturing elasse are engaged 
chiefly in iron, steel, and engineering works, textile 
factories, sugar mills, and sugar refiner s, brewerios, 
flour mills, and tobacco factories. Tho trade of 
Sweden is summarised by the tables for 1903, given 
below, in thousands of kronor; 18 kronor equals £1. 


Exports 

Value in 
th. usitmiM 
of kronor 

linpoits 

Value in 
thousands 
of kronor 

Timber . . 

228,331 

Minerals, mainly 


hive animals and 


coal . . 

80,033 

animal foods . . 

49,507 

Metal goods and 

Metals 

40,393 

machinery . . 

63,484 

Metal goods and 

Wheat and flour 

00,938 

9] ,318 

machinery 

32,401 

Textiles 

Minerals 

31,825 

18,381 

i 

Colonial produce 

35,570 

Paper 

! 

Live animals and 
animal foods . . 

j 26,971 


The overwhelming importance of timber in these 
returns is obvious. Next come animals and animal 
foods, and minerals and mineral products. 

Most of the Swedish exports go to Britain, 
(‘specially those of timber, butter, wood-pulp, and 
iron. Most of the imports come from Germany, 
but the total trade with the United Kingdom is 
greater than that with Germany, Denmark, Norway, 
Russia, the Netherlands, and Belgium, all put 
together. In 1903 the total value of the exports 
was 441,417,000 kronor, and the total value of the 
imports 534,902,000 kronor. 

Trade of Denmark* The trade of Den- 
mark well illustrates th" uniformity of the country 
and the remarkable economic development of recent 
years. In 1904 tho exports of the homo produce 
were worth 358,029,000 kroner (18 kroner equals £1), 
and of this, eggs accounted for 278,927,000 kroner, 
and animals for 37,455,000 kroner. 

The position of Copenhagen on tho Sound, at the 
point of vantage between the North and Baltic Seas, 




Wakes Denmark a relatively important -trading 
, country. In 1004 ite total value export trade was 
. worth: 407,036,000 kroner, of which home products 
formed only about 72 per cent. Over 56 per cent, of 
this trade went to the United Kingdom, 21 per cent, 
to Germany, and 10 per cent, to Sweden and Norway. 

The import trade of Denmark is largely in cereals 
(14 p9r cent.), textiles (11*5 per cent-.), metals and 
„ hardware (9 per cent.), colonial produce (7*5 per 
cent.), and coal (6*5 per cent.), the latter not being 
produced in the country. The total value of the 
import trade in 1904 was 292,147,000 kroner. A 
remarkable feature of the trade returns is the 
. in\port of provisions and eggs, which accounts for 
12*5 per cent, of the total import trade. These are 
collected from the other Baltic lands, to he shipped 
to Britain and other countries through Copenhagen. 

Over one-third of the imports (35 per cent.) 
come from Germany, and only 15 per cent, from 
Britain. Russia and the United States each con- 
tribute 12*5 per cent, of the total imports, and 
Norway and Sweden together, rather more than 
10 per cent. Its nourishing provision trade, the 
staple of its prosperity, is the result partly of the 
climatic conditions, and partly of the excellent 
technical education given to its people. Its entrepot 
trade is sufficiently explained by its position. 

Norway. Norway, the rugged land which 
occupies the western highlands of the Scandinavian 
peninsula, differs completely from Sweden and 
Denmark in configuration and climate. Its economic 
conditions are correspondingly different. Three- 
quarters of the surface of the country is unpro- 
ductive, and of the remaining quarter, 22 per cent, 
is forested, leaving only 3 per cent, tit for cultiva- 
< ion. Under those conditions, maritime occupation* 
(fishing, shipbuilding, the carrying trade, etc.) 
naturally rank among the principal industries of the 
country. Thirty per cent, of the population are 
t ngaged in agriculture, but to a very large extent 
these supplement their resources by fishing. 

The figures for the export trade of Norway show 
how much the prosperity of the country depends on 
the fisheries and the forests. The figures for 1904 arc 
given below. The kroner has the same value as above. 


Export* 

Kroner 

Timber ami wooden goods 

.. ' 01,097,000 

Animal produce (malty food) 

50, 293,000 

Paper and paper manufactures . 

10.511,000 

Bair and skint* 

0,818.000 

Tallow, oils, tar, etc. 

0.740.000 

Vessels, carriages, machinery 

0.709.000 


The import trade of Norway naturally consists 
largely of breadstuff*. since the country cannot raise 
its own, and groceries. Metals and machinery also 
form a considerable item. The figures for 190 f are : 


Imports 

ki<-m r 

Breadstuffs 

52,242,000 

Minerals 

97,900,000 

Vessels, carriages, and machinery 

90,008,000 

Textiles 

29.108,000 

Metals (manufactured) 

20,889,000 

Tallow, oils, tar, etc 

1*,2£ 9,000 


Norwegian trad# with Britain is far greater than 
that with any other country, though Germany sends 
more goods to it than we do. Norway sends to 
Britain wood and wood-pulp, fish, stones, ice. and 
in return receives coal, cottons and woollens, 
machinery and ironwork. Pish is largely exported 
to Spain, Italy, and other Catholic countries. The 
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mercantile marine has a total tonmtjjjfe of nearly 1 J 
million. Compare the Gorman Empire (2J million 
tons), and the United Stated (3 J million tons on 
the ocean). 

Rumania. Rumania [see Geography, page 
2165] resembles Southern Russia. Its great 
steppe lands rise to the forested slopes of the 
Karpathians and Transylvanian Alps, so that 
agricultural and forest products form the staple of 
its natural resources ; CO percent, of the population 
are engaged in agriculture. 

The following table shows the nature* of the trade 
in 1904, in thousands of lei ; 1,000 lei equals £40. 


Exports 

Thoimmli* 
of Id 

Import* :Th<*«saniln 

rtf Id 

Cereal. 1 * 

195,9 (3 

Textiles 

118,205 

Wood 

29,512 

Metals and Mann- 


Animal products 

11,581 

fact urea .. 

82,910 

Fruits and Colonial 


Chemicals awl drugs. 

10,779 

produce.. 

0,998 

Fruits and Colonial 


Mineral fuel 

0,212 

produce . . 

14,797 



Bides and Icatlu-r. . : 

10,074 


Cereals, forest produce, animal products, and oils 
from the petroleum wells are among the chief 
exports through the Danube ports, the most impor- 
tant of which are Galats and Ibraila. The exports 
go to Belgium, Austria-Hungary, the United King- 
dom (wheat-, barley, maize, petroleum, and timber), 
Turkey, and Bulgaria. The imports are obtained 
from Austria-Hungary, the Gorman Kmpirc, the 
United Kingdom (cottons, cotton yarn, iron, 
machinery, coal and woollens). France, Ttnlv, 
Turkey, and Bulgaria. The total value of the 
exports in 1904 was 261,872,000 lei, and of the 
imports, 311,372.000 lei. 

Bulgaria. Bulgaria somewhat resembles 
Rumania in the north, but it is narrower and less fer- 
tile. The chief agricultural area is in the Marital- and 
Tunja valleys [see page 2167]. Cereals are exported 
to the United Kingdom, Belgium, Turkey, the Ger- 
man Empire, Austria, and France, and account for 
four-fifths of the total exports. The others ore live- 
stock and their products, silk cocoons, and attar 
of roses. Textiles form one-third of the imports, 
and metals, machinery, and implements one-sixth. 
The imports come chiefly from Austria-Hungary 
(nearly 30 per cent.), Germany (15 per cent.), the 
United Kingdom (14 per cent.*), and fiance (8 per 
cent.). The imports from Britain arc cottons, 
cotton yarn, machinery, and metals. In 1904 the 
total value of the exports was 157,619,000 leva 
(1,000 leva equals £40), and of the imports, 
129,690,000 leva. 

Servia. Servia is more rugged and forested 
than Bulgaria, and has a much smaller trade. 
Animals and animal products formed nearly half the 
exports in 1904, and agricultural products nearly 
two-fifths. Nine-tenths of the export trade was 
with Austria-Hungary. Austria-Hungary thus has 
an economic control over Servia, which in hardly less 
valuable than a pol iticnl one. It has been sa id, indeed, 
that Austria’s habitual method of curbing Servian 
advances to other Rowers is to proclaim the existence 
of swine disease in Servia. and to prohibit the export 
of swine from that country into Austria-Hungary, 
The chief imports arc cotton and woollen goods 
(27 per cent.), metals and machinery (21*5 per cent.), 
colonial produce, food, and drinks (8’5 per cent.). 
Of these, 60 per cent, comes from Austria-Hungary, 
13 per cent, from Germany, and only 8 per cent, 
from tho United Kingdom. The total value of the 
exports in 1904 was 62,150,000 dinars, and of tho 
imports, 60,926,000 dinars (1,000 dinars equals £40). 
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The Ki^dom of Hungary. From an 
economic, as well as from a political point of view, 
Austria-Hungary must be regarded as consisting of 
two groups of Powers. Hungary resembles Rumania 
in many respects, but has a greater mineral and 
industrial development, in addition to more exten- 
sive territories. The fertile plains or pastures of 
Hungary are no longer exclusively pastoral, but 
rich agricultural lands; 41 per cent, is arable, 
and 33 per cent, meadows and pasture land. The 
slopes of the Karpa lliians and other mountains 
are densely forested, so that 28 per cent, of the 
country is covered with trees. The rocks arc rich 
in minerals, especially in the Bihar region, and in 
the North Hungarian Ore mountains, where gold, 
silver, copper, lead, coal, antimony, mercury, and 
other minerals abound, but are not exploited as 
they might ho. The mineral riches of Hungary 
will undoubtedly be a greater source of wealth 
in the near future. 

The chief wealth of Hungary is agricultural. On 
the flat steppe lands rich crops of wheat and maize 
are grown. The wheat is of extremely fine quality. 
Much of it is ground by the most modern processes, 
the different qualities being sorted out beforehand. 
Hungarian flour is the best on the market, and is 
better than flour ground in our own country by the 
same processes from Hungarian wheat. This is 
probably due to different climatic conditions, and 
to the effect of the voyage on the wheat. Buda- 
pest, Teinesvar, and Poszony (Pressburg) are the 
chief milling centres, and Finnic the chief outport ; 
but some of the wheat is sent down the Danube. 
Oats, barley, and rye are a’so grown. 

Among other agricultural products are potatoes, 
beetroot, pulses, tobacco, hops, and even a little 
rice is grown in the Bana t. Horses, cattle, pigs, 
and sheep are numerous. Hungary is noted for its 
vineyards, and its silk culture supports over 
112,000 families. 

Hungarian Manufactures. Manufac- 
tures are rapidly developing in Hungary. As in 
Canada, and other lands, where agriculture is 
expanding, much of the industry is connected with 
the elaboration of food, agricultural implements, 
and transportation plant. Thus, Budapest and 
Poszony (Pressburg) mill flour, and also make jute 
sack,; for holding it, and the necessary machinery 
and rolling stock. Agram, in Croatia, is noted for 
its tobacco factories. The following figures show 
the relative importance of the different manufac- 
* turns, which occupy 12*8 per cent, of the working 
population — in clothing, 25 per cent. ; in foodstuffs, 
14 per cent. ; in iron and other metals, 1 1 per cent. ; 
in building, 11 per cent.; in wood and bone, 8.J 
per cent. 

In 1904, the following was the value of the exports 
and imports in thousands of crowns (£40), each crown 
or kroner being equal to 9Jd. 

Exports Thousaiu Imports 

of crown * 

Flour.. .. 199,458 Cotton i 157,.' >09 

Whefib .. 74,138 WoollenA semi-woollen 101,103 

Other cereals 124,1(57 Wheat ' 21,332 

Cattle .. 130,115 Coal ; 21,011 

Pigs .. .. 52,233 Silk I 20,910 

Eggs, etc. .. 31,429 Pigs .. .. . 20,054 

Wine.. .. 28,120 Cotton yarn .. . .j 20,521 

Leather .. ..j 10,754 

This shows the predominantly agricultural nature 
of Hungary’s present prosperity. As might be ex- 
pected, the imports arc largely manufactured goods. 


The Austria:* Empire. The' Austrian 
Empire [see page 2102] is more diverse economically 
than the K ingdom of Hungary. It has to be divided 
into (1) Galician Bukovina, Bohemia, Silesia, and 
Moravia ; (2) Austria proper ; (3) Alpine provinces, 
Bosnia and Herzegovina ; (4) Coastal Provinces. 

Half the population depends on agriculture and 
forestry, and about one-quarter on various indus- 
tries —manufacturing, metallurgy), etc., while nearly 
8 per cent, are supported by trade and transport, 
and over 2 per cent, by mining ; 38 per cent, of the 
land is arable, 35 per cent, is woodland, and 25 per 
cent, is pasture and meadow land. 

Wheat, barley, rye, and oats are all exten- 
sively cultivated. Potatoes are a most important 
crop; vines, maize, pulses, beet (in Bohemia), and 
vines are next in importance. Considerable areas, 
especially in Bohemia, are covered with flax, hemp, 
and hops. Livestock is abundant. In valleys 
opening to the Adriatic silkworms are reared. 

The mineral wealth is mainly coal in Silesia ; coal, 
lead, zine, silver, alum, and graphite in Bohemia ; 
iron, zine, ami lead in Alpine states ; iron, petroleum, 
and salt .are found in the Karpathian foreland; 
copper is obtained in Salzburg, and mercury 
at Idria. 

Austrian Manufactures and Trade. 

Manufactures are growing rapidly in importance, 
especially near the coalfields of Bohemia, Moravia, 
and Silesia, where iron manufactures are nourishing. 
Bohemia makes sugar from beetroot, much beer, 
especially at Pilsen, and brandy; cottons anrl 
woollens are manufactured at and round Ileichen- 
berg in the north, and linen and leather goods. 
Bohemia is also famous for its glass and porcelain. 
Vienna, like Prag and most other capitals, makes 
many articles of luxury, more particularly furniture, 
silk and dresses, and boats for the Danube. Paper 
is made in the forested Alpine provinces and 
Northern Bohemia. . 

The trade of Austria with the East consists of 
the exchange of manufactured goods for food and 
raw materials; but with the West it is rather an 
exchange of raw and half-manufactured goods for 
finished wares. The down-Danube trade is with 
Hungary and the Balkans, the up- Danube trade with 
South Germany. From Bohemia, trade passes by 
the Elbe valley to a North Sea outlet. Austria has 
its own port in Trieste, on the Adriatic, with con- 
nections especially with Mediterranean and eastern 
ports. 

Austria-Hungarian Trade. The trade 
of Austria-Hungary is five-sixths by land and one- 
sixth by sea. Naturally, most is with the adjoining 
lands of the German Empire, Italy, Russia, Switzer- 
land, and the not-far-distant France. British trade is 
largely through the Adriatic ports, and ranks second. 

The exports and imports of the Common Customs 
Territory, which includes Austria-Hungary, the 
occupied territories of Bosnia, Herzegovina, and 
also the Principality of Liechtenstein, are ; 


Export-— 1904 

1 TIiuiiMaudn 

1 t f crowns 

Import* -1904 

Thoimnda 
of rrowiis 

Sugar 

l 

151, 885 

Cotton (raw) 

215,220 

Eggs 

.! 105,567 

Wool 

129,888 

( Jatfio 

98,617 

Coal, coke, etc. . . 

105,947 

Horsts 

. 61,476 

Silk and manu- 


Lignite . . 

. 61,320 

factures 

83,499 

Woollens . . 

. 58,346 

Hides and skins . . 

68,461 

(Pass 

. 50,945 

Machinery . . | 

52,036 

Walt 

. 52,910 

Tobacco . . . . i 

52,624 

1 


Continued 
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CLOCK MANUFACTURE 

„ Group 12 

CLOCKS 6 
WATCHES 

The Works of a Clock. Taking to Pieces, 

1 

Cleaning, Repairing, and Fitting together again 

Following MA.CHJNJCH 
AND 4*M.1A90SK 
from page 6W6 


By JOHN P. LORD 


O F all the callings which arc practised actually in 
tho sight of the multitude, perhaps none has 
such a fascination for the ordinary individual as that 
of a watch and clock maker, and yet it is surprising 
how little the general public really knows of the 
trade, or of the works of their own timepieces. To 
the child the watchmaker is a man who makes tho 
wheels go round,” or who works in a shop window 
with an eyeglass in his eye, and covers up things 
with broken wineglasses. In later life the mystery 
of the craft is little better understood, and the 
, watchmaker becomes a highly-skilled workman to 
whom periodical bills have to he paid. England 
was once the home of this industry, but the freo 
importation of countless cheap foreign and American 
clocks and watches has seriously affected tho trade, 
though the best and most reliable timepieces are 
still to be sought for in British workshops. 

Without further preamble, let us begin to 
initiate ourselves into the rudiments of this fascinat- 
ing trade, and as tne beginner, or his parents, will 
not wish to spend money on experimental training 
until a distinct taste for the w'ork is discovered, we 
shall take as our first subject for examination one of 
those cheap American clocks which can be bought 
anywhere for about half-a-crown. 

Our First Steps. Having purchased your 
cheap clock, or got hold of an old one, you will 
have to provide yourself with tools, and at this 
stage very few will be required. A small screwdriver, 
nr; what is probably better, a large bradawl to act 
,is such, is the first requisite. A pair of flat-nosed 
pliers, a pair of tweezers, with line points and with 
absolutely plain inner surfaces, such as artificial 
flower makers, printers, or cloekmakers use, and a 
pocket-knife complete the preliminary outfit. The 
whole set need not cost more than 3s., and if the 
trade is not followed up, the instruments are always 
useful. 

First place your tools beside you on your right 
hand, and before you lay a large sheet of white 
paper. Take the clock in your left hand, and remove 
the winding handle by turning it the contrary way to 
the winding direction. In most American clocks 
this is from left to right. Then pull off the setting 
thumbscrew, which is only forced on to the spindle. 
If the clock has an alarum, the winding handle for 
that must be removed in the same maimer, save 
that it generally unscrews in the opposite direction 
to the other winder, and tho knob for setting the 
alarum must be pulled off. If the setters will not 
budge, a little prizing with tho screwdriver or the 
pocket-knife will generally start them. Unscrew' 
the legs and the knob, or knob and bell, at the top. 
If there are any tiny screws round the edge close up 
to the back, these must be removed, but if there are 
only three little dents or bulges, all is ready for 
taking off the back. This must be levered up with 
the screwdriver, when the entire movement will be 
visible. Examine the inside of the case, and see if 
any pin or screw is holding in tho works and the 
dial, and, if so, remove it, then pull out the clock 
from the case, when it will come quite clear, 
bringing the dial with it. Next examine the back 


of the dial, and probably von will find that it is held 
on by two small pins. These should be taken out, 
first making them straight, and then the hands must 
be taken on. This is not a difficult job if you work 
the edge of the knife under the centre on one side, 
and the screwdriver on the opposite side, and then 
carefully prize the minute hand off. Tho hour hand 
w r orks round on the same spindle, but is mounted 
on a little brass tube. The operation repeated will 
remove this, and if the clock has a seconds hand 
that must be taken off, as well as the alarum indi- 
cator when present. The dial will now drop off, and 
behind it will be found a metal rim. Through thfe 
openings in this rim you will see the two steel screws 
which hold it in place, and when these are turned 
out the entire movement, will be quite clear. 

The Motion Work. When you hold up the 
clock in front of you now, with the hands replaced 
you will sec outside the brass framework several 
toothed wheels. On examination, you will notice 
that the hour hand rides on the shank of the centre 
large wheel, and therefore you know that the large 
eog-wheel must turn once in 12 hours. You 
also know* that, the pin on which the minute hand 
works, and which turns it must turn once in one 
hour. Trace this pin backwards into the clock, and 
you w ill sec that it forms the spindle of the second 
largest wheel, known in the trade as the centre 
wheel. Accordingly the centre wheel must turn 
once in one hour. From this we can learn our first 
fundamental fact, in clockwork — namely, how to 
accelerate or retard motion. 

Remove the hands again, and you will find that 
the large middle wheel in front of (he frame can 
he pulled off the same spindle on which the minute 
hand was fixed, for it slides round it quite freely, and 
beneath it you will see a little star-shaped wheel 
with 12 teeth. This is not really a, wheel, but is 
cut out. of a piece of solid brass. Little wheels of 
this form are known as pinions, and the one we 
are looking at is called the cannon pinion. It fits 
firmly on the centre spindle, which is called the 
centre arbor- -the spindles of clock and watch wheels 
being known as arbors — and accordingly turns once 
in one hour, just as does the minute hand. 

This cannon pinion, as you will readily see, turns 
a. wheel having 30 teeth round its edge, and 
so it will take three turns of the cannon pinion' to 
turn this wheel once, or, in other words, this second 
wheel turns once in three hours. This wheel is known 
as the minute wliccJ, in spite of the long time it 
takes to turn. The minute wheel turns freely on a 
pin, and has no arbor itself, strictly speaking. On 
the top of it you will find, fastened firmly to it and 
rnming with it, a pinion with 10 teeth, but other- 
wise similar to the cannon pinion. This pinion, of 
course, turns once in the same time as tho minute 
wheel— namely, in three hours, and its 10 teeth, 
or leaves, as pinion teeth are termed, drive a wheel 
of 40 teeth, as you can prove for yourself by 
replacing the large middle wheel which you have 
removed, when you will find that its teeth engage in 
the leaves of the minute- wheel pinion. Now, since 
10 divides into 40 four times, the middle wheel 
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will take four times as long to turn once as the 
pinion driving it does. Since the pinion turns once 
in three hours, naturally the centre wheel will turn 
once in three multiplied by four hours, or in 12 
'hours,' and on again replacing the hands you will 
understand how the arbor of the centre wheel of 
the clock is 
made to turn 
the hour hand 
as well ns the 
minute hand. 

This middle 
wheel is called 
the hovr wheel. 

T h o same 
principle applies 
all through the 
science and art 
of clock and 
watch making. 

The speed of a 
wheel is reduced 
by having it 
driven by a 
wheel with fewer 
teeth, and the 
converse also ap- 
plies — namely, 
a wheel with 
many teetli will 
drive one with 
fewer faster than 
itself. The rates 
. i n proportion 
can be obtained 
by dividing one set of teeth or leaves into another. 
For instance, if we have a wheel turning once 
in one minute and we want to turn once in 
10 minutes : if we put a pinion of six leaves on 
this one-minute wheel and make it drive a large 
wheel with 00 teeth round its edge (1], the second 
wheel will turn once in 10 minutes because 00 is 
10 times six. Again, if we want a wheel turning 
once in seven minutes to make another turn once 
in one minute wo can put 3 5 teeth round the 
first wheel, and make them drive a pinion with five 
leaves on the arbor of the second wheel, for live 
is the seventh part of 35, and, therefore, the 
pinion will turn seven limes for one turn of the 
first wheel. This principle of arranging wheels 
must be thoroughly mastered, for half watch and 
clock construction depends upon it. 

The Movement. Having the motion work 
outside the frame, we shall next turn to the inside 
of the clock. Turn the clock so that the little balance- 
wheel, which keeps swinging to and fro, is on the 
top, and the motion wheels facing you. Pull off 
the motion wheels to give you a clearer view. 
At the bottom right-hand corner you will see a 
large wheel with a. spring attached to it. This is the 
great wheel , and is the motive power of the clock, 
‘for, contrary to the popular opinion, the balance 
1 wheel docs not “ make the clock go,” but acts as 
a brake or drag to prevent the clock from running 
ypiiekly down with accelerating speed. The spring, 
when wound up, fits tightly against the arbor of the 
great wheel, and its nature is to uncoil, in doing 
which it turns the great centre wheel. 

You will notice that the edge of this great wheel 
drives a pinion on the centre wheel, turning the 
latter once in one hour, so by counting the leaves of 
the pinion on the centre wheel arm and dividing 
them into the number of teeth on the great wheel 
you will know how often the great wheel turns in a 
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day. In the oheap clocks which we are considering 
the great wheel generally has 48 teeth; and the 
pinion on the centre wheel has 8 leaves, so the gtoat 
wheel turns once in 6 hours, or four timesinadfry. 

In these clocks you will notice that the phiions 
inside the clock frame are different from those in 
the motion work, being made of two plates , of 
brass joined together by a number of steel pins. 
These pins act as loaves for the pinion, and this 
form is known as a lantern pinion, from its appear- 
ance. It is a very good pattern for pinions which are 
driven by larger wheels, but is unsatisfactory 
when the pinion is used to drive a large wheel. 
In the trade, wheels which make others turn are 
known as drivers , and those which are driven 
are called followers ; but, as Lord Griinthorpe 
remarked, it seems absurd for the thing that is 
driven to be called a follower, since the horse is gener- 
ally in front of the coachman. 

The centre wheel drives a pinion on the third 
wheel, which will be to your extreme left as you 
look at the clock, and the third wheel, in its turn, 
drives the fourth wheel, which is in the centre of 
the frame directly above the arbor of the centre 
wheel. This fourth wheel turns once in a minute, 
and if you examine it carefully, you will see that 
its arbor projects through the frame in front, being 
longer than that of the third wheel. If the clock 
were provided with a second hand, that hand 
would be fastened to this projecting arbor. 

The centre wheel has 4H teeth on its rim, and 
drives the pinion oil the third wheel, which has six 
leaves. Thu third wheel itself has 45 teeth, and 
drives a six-leaved pinion on the arbor of the 
fourth wheel. Applying the rules given above, it 
will be clear that the third wheel turns once in 71 
minutes. 

Now we come to the njoal important part of the 
clock — namely, the escapement. 

The Escapement. Examine your clonk again, 
and you will notice that the fourth wheel drives a 
pinion attached to a very small wheel with peculiar 
teeth, and that these teeth are controlled by a 
little brass or steel piece of curved mechanism, which 
lets one tooth at a time escape. This wheel is called 
the escape whee f , and is commonly spoken of as 
the 'scape wine K The brass or steel arrangement 
which permits of the teeth passing is called the 
pallets. The name strictly applies only to the actual 
projections of steel or brass which intersect the 
wheel, but the one word will pass. The pallets, 
with a long brass lever attached, are fixed on the 
pallet arbor, between pivots, and the lever is swung 
backwards and forwards by the balance, or, to be 
more correct, the lever end passes and repasses a 
pin on the arbor, or ” staff,” as it is called, of the 
balance, imparting an impulse to it on each occasion. 
The impulse is derived from the pushing action of 
the teeth of the ’scape wheel on the faces of the 
pallets. Tn the clock we are considering the fourth 
wheel has 48 teeth on its rim, and drives a pinion 
of seven leaves on the ’scape wheel arbor. The ’scape 
wheel itself has 1 5 teeth, so the actual value of one 
turn of the ’scape wheel is seconds, and one tooth, 
therefore, is equal to seven-twelfths of a second. 
Now, one complete swing of the balance lets one tooth 
escape, giving two ticks, one on the upward and one 
on the downward revolution; each tick, then, is 
equal to seven twenty-fourths of a second. 

The pace, then, at which the balance, or pendulum, 
in larger clocks vibrates determines the number 
of teeth and leaves on the ’scape wheel, for if the 
pendulum beats a second at each tick, then the fourth 
wheel could be used as a ’scape wheel, provided it 



had only 30 teeth round its edge, or if it had 00 
teeth on the rim it would work with a pendulum 
beating half a second at a tick. 

Taking to Pieces. We shall not deal 
minutely with the balance and its spring here, 
because it is only a magnified form of those we 
shall meet later on when we' speak of watches 
and of larger clock escapements; suffice it to say 
that large and heavy balances swing to and fro more 
slowly than smaller and lighter ones. A suitable 
balance being selected, the strength of the balance 
spring will, within certain limits, determine the time 
of vibration of the balance, and therefore govern the 
speed with which the hands travel round the dial. 
By altering the effective length of the spring the 
timekeeper is regulated to go faster or slower. 

Our business is to take the clock cut irely to pieces 
and to verify the knowledge we have gained. Then 
we can clean it and put it together again, hi addition 
to our tools, we shall now want a couple of soft- 
brushes, costing about cightpenec each — or two old 
toothbrushes will do for the experiment— a lump of 
chalk, or a crust- of very dry bread, a number of 
match-sticks, a quantity of tissue paper, and a little 
good oil, preferably clock oil. 

On the lop of the clock you will find a small screw 
with a flattened head, which, you will see, serves to 
keep the balance in its place. Note this, and trace 
the balance spring to the point where it enters 
a stud and is pinned in with a small brass pin. With 
the point of your knife scratch the balance spring 
slightly on the far side from the portion that 
works, so that you may be able to replace it in the 
same position later ; then withdraw the pin. 

Next loose the flattened screw till the balance 
is just about to leave the sockets in which it works. 
Turn the balance candidly round till the balance 
spring is quite drawn out of the brass stud and 
from the regulator fork, then further loosen the 
screw and remove the entire balance with your 
tweezers, being very careful not to damage the little 
pin which plays against the forks of the lever. Lay 
this aside out of the dust. 

The Wheels. Next- examine the bearings 
of the pallet arbor, and in most of these clocks, 
if not in all, you will find that one end is held 
in a small brass cock, which enables one to regu- 
late the exact depth which the pallets should 
intersect t-he wheel. Scratch a slight mark on 
the plate alongside this, so as to be able to re- 
place it in position, then unscrew the screw, first 
holding the clock so that- one of your lingers 
hoars on the rim of the third wheel. The instant 
the pallet is clear of the ’scape wheel, the clock will 
begin to run down, and you must check it with your 
linger, being specially careful not to let the pallets 
drop into the dock, or the mechanism will be 
damaged. 

When the clock has run down you can remove 
the four small nuts which screw’ on to the ends of 
the pillars separating the frames in this sort of 
clock, or in any other you can prise out the pins 
passing through the ends of the same pillars. The 
top plate will now lift off, and if you do this very 
carefully, you will not derange the wheels very much. 
Carefully note the position of each wheel, and then 
remove them in the following order ; first the ’sea pe 
W’heel, next the third wheel, then the fourth wheel, 
and then the great wheel, getting the lower pivot 
out of its hole before pulling the spring 
off the pillar to which its outer end is fixed. The 
centre wheel you need not remove, though that can 
be done easily by pressing out the pin above the 
star-shaped steel spring, and pulling the wheel 
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and pinion off the arbor, leaving the arbor and 
the cannon pinion attached to the frame. In this 
class of clock you will not be able to remove these. 

Cleaning. Kxamine the wheels one by one, 
wijiing off all oil, brushing the teeth of the 
wheels, and the pivots on which the arbors turn. 
Unhook the mainspring from the great wheel 
by holding the spring in your left hand and 
turning t-he wheel in the opposite direction to 
that which would wind it up. You will then 
hear the hook tinspring and the spring can be 
pulled off. In doing all this no force must be used. 
On the great wheel you will notice a little ratchet 
and click, which enable you to wind up the spring 
on the barrel with the key, but do not allow you 
to damage t lie remaining mechanism. As the barrel 
unwinds, the ratchet catches the click, and the great 
wheel is driven round, thus making the clock work. 

Having cleaned off the greater portion of the oil 
with tissue paper, and brushed off the remainder, 
cleaning the brush from time to time by rubbing 
it.across the lump of chalk or the dry crust of bread 
you can finish off each wheel, arbor, pinion, and 
ratchet by brushing with a clean brush, holding the 
work in tissue paper while you do so. Then place 
all the clean parts under cover — inverted tumblers 
do very well. 

The plates must next, be cleaned by sharpening 
matches and thoroughly cleaning out the holes 
in which the pivots work with the sharpened 
ends, till the wood comes out clean. The plates 
themselves can be wiped clean with paper. The 
spring, if very dirty, may be cleaned with a piece 
of paper wrapped round the blades of the tweezers. 

Putting Together. Replace the centre 
wheel on the centre arbor, and pin it- in by pressing 
down the spring and forcing in the pin, holding 
everything in paper. Now put the mainspring on 
the great wheel arbor, or barrel, and roll up the 
spring as well as you can, so as not to make it too 
bulky, and pass the looped end over the pillar, 
remembering that the spring must leave the pillar 
in the opposite direction to the motion of the hands 
of a watch. Dodge the arbor of the great wheel 1 
into its place, passing the rim of the great wheel 
under the centre wheel, so as to engage the pinion 
of the centre wheel. Next, put the fourth wheel in 
its place, putting in the long pivot, first, and then 
get the third wheel into position, being careful not to 
strain anything, and remembering that its pinion 
engages with the teeth of the second wheel, and its 
teeth with the fourth wheel pinion. Next put in 
the ’scape wheel. Now all is ready for putting on 
the top plate. The longest- arbor is that of the 
great wheel, and then that of the centre wheel. 
These must he pa wed through their holes, and the 
four pillars then just entered into place. With your 
tweezers lead the upper pivot- of the third wheel 
into its plae'\ Again lower the plate a little, and 
slip the end of the fourth wheel into its place, and 
the ’scape wheel will require only a slight touch to 
enable you to bring the plate home properly. The 
ends can then be fastened with pins or nuts. 

Before going any further, press the great wheel 
round with your finger and see if all the wheels run 
sweetly. If they do, all is right : if not, you must 
take off, or loosen the plates, .and see what is wrong. 
The slightest pressure should turn all the wheels 
freely. Next, for future guidance, notice that the 
teeth of the wheels and leaves of the pinions engage 
for about two thirds of their length. This is known 
as the- “ depth,” and in very fine watchmaking, or 
after doing repairs, sometimes gives trouble. 
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The pallets are then put in, the little cock being 
brought to the mark you scratched on the plate, ana 
if it is correct, when you give the spring a wind and 
lift the lever up and down with your tweezers, one 
tooth at a time should escape. At the same time 
the pallets should not go deeper into the teeth of 
the scape wheel than is necessary. 

Take the balance and carefully pass the spring 
through the stud, but do not pin it till you sec that 
the pin on the staff is in the notch of the lever when 
the pallets are at rest, and when the mark on the 
spring is in the same place as it was when you 
made it. 

In replacing the balance spring do not forget 
to pass it through the regulator clip, for in taking 
it out it will have cleared itself automatically. 
Now tighten up the pin in the socket to hold the 
spring, and screw up the flattened nut so as just to 
ive the balance the same play as it originally had. 
t should not shake when moved from side to side, 
though all the other wheels will shake perceptibly. 
If all is well, the clock, when wound up, should now 
go. If it beats for a bit, and then stops, see if the 
pallets intersect too deeply, and if so, very slightly 
loosen the cock screw and raise the pallet arbor the 
minutest fraction ; but if the above directions have 
been carefully attended to, and the work tested in 
progress as indicated, the clock should tick regularly. 

Finishing Touches. The minute wheel 
must next bo put oil the front, and then the 
hour wheel. All pivots should now be oiled 
by taking up the most minute drop of oil on a 
pin or piece of brass wire, and applying it to the 
holes in which they work. Over-oiling spoils many 
clocks. The bearings in which the balance runs 
may be oiled prior to replacing that part, though 
with neatness they can be oiled when all is together, 
though many of the best rlopkinnkers are in favour 
of postponing oiling till the last possible moment, 
for fear of dust getting into the bearings and 
clogging the oil. In many clocks, however, you 
will bo forced to oil several pivot holes before 
beginning to put the article together, and in all 
watches this is absolutely necessary, for the hearings 
could not be reached later. 

The clock can now be replaced in its case by 
reversing the procedure used in removing it, and 
the first lesson in watch and clock making is ended. 
Practice will enable the beginner to take a clock 
completely to pieces and restore it to its original 
condition, with the exception of regulating, in a 
very short time. 

From this lesson we have learnt that every clock 
or watch, of which we have chosen the commonest 
type, consists of a wheel which is turned by some 
power, and which in turn imparts motion to wheels 
showing the time ; the train of wheels is further 
continued till a wheel is reached which, according 
to the beat of the pendulum, balance, or other 
regulating appliance, will turn with just sufficient 
rapidity to cause the time-telling wheels to fulfil 
their functions. We have also learnt a little manual 
dexterity, and have seen the principle upon which 
the teeth on wheels and pinions are calculated. 

Pendulum Clocks. We now come to clocks 
operated by pendulums, such as we commonly see 
on the walls of our halls. Remember the little brass 
lover in your cheap clock, and how, by the revolving 
of the balance wheel, it appears to be moved back- 
wards and forwards, though in reality the balance 
wheel is partially moved by it. Well, remove the 
brass lever, and imagine a piece of wire fixed at 
right angles to the pallet arbor, and hanging down 
from it towards the bottom of the clock. If this 
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wire ends in a little fork, and a pendulum, with its 
rod turning on a pivot some little distance above the 
foik, be set swinging, then, if the rod pass between 
the jaws of the fork in such a way that as it swing* 
it moves it from side to side, and receives the same 
impulse as the balance wheel did, we have the 
elements of a simple pendulum clock, for, once the 
pendulum is started swinging at each stroke, it will 
shift the pallets, allowing a tooth to escape, and at 
the same time it will receive a tiny blow which will 
just suffice to make it continue swinging regularly. 

Swinging Movement. In such a simple 
arrangement, which practically obtains in most 
of our house (docks, the wire running down from 
the pallet arbor is called the crutch , and the fork 
is the fork. The pendulum is generally suspended 
by a bar which, at the upper end, terminates 
iu a fine piece of steel Bpring, known as the sprinrj. 
which is fastened between two pieces of brass at 
the top of the rod, known as the lower chops, 
and again passes between two more pieces of 
brass, called the upper chops, which in turn arc 
attached to a brass block, or lump, called the 
pendulum cock. In cheap American pendulum 
clocks the rod is simply a wire which is flattened out 
and tempered at its upper end to form the spring, 
which is fastened between the upper chops. 

The principle upon which pendulums work, 
omitting the higher mathematics necessary to make 
the calculations, is that at the latitude of London, 
a bob at the end of a string 30*14 in. in length will 
swing once ill a second. By mathematics, the length 
of a pendulum to oscillate in any given time can he 
calculated ; but as the pr<" ess is intricate, we give 
the following lengths as those most usually found: 

To swing once in one «-<.cond, 30‘14 in. 

To swing once in three-quarter second, 22 in. 

To swing once in two-thirds second, 17*4 in. 

To swing once in half second, 0*78 in. 

These lengths are measured from the edge of the 
upiier chops to the centre of the weight. 

In adjusting a new pendulum to a clock the points 
to be observed are that the edges of the chops, 
where they meet the spring, arc perfectly square, 
for if they arc curved they will cause the pendulum 
to twist as well as to swing. Then, the pendulum 
m ust vibrate in a plane exactly at right angles 
to the pallet arbor, and the pendulum must be 
suspended so that the bend of the spring is 
exactly opposite the pivot of the pallet arbor. 

The weights of the pendulum itself may be made 
of many substances, but in the clocks which we are 
likely to meet with at first they will be of either 
brass or lead. In very high-class clocks the 
pendulum weight often consists of a glass bottle 
filled with mercury, or of a series of brass and zinc 
bars. These are forms of compensating pendulums, 
designed by the very scientific horologists, like the 
late Lord Grimthorpe, who designed the great clock 
at the Houses of Parliament, and they should not 
be tampered with by the ordinary elockmaker, for 
much mathematical knowledge is required before 
their adjustment can be understood. 

Escapements. The two clock escapements 
which are most generally to bo found in common 
house clocks are the anchor recoil escapement and 
the dead heat escapement. These can be easily 
recognised by the shape of the pallets, and much 
waste of words will be saved if our readers will 
compare the two drawings given on tine next page. 

In the anchor escapement it will be noticed that 
the teeth of the wheel are ppinted, with straight 
sides, while the pallet itself has a different shaped 
tooth, or shape, on each side, that on the side 
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with a, hammer is Sufficient to dmo it tight home, 
jinil it should hold by its own friction. If the worker 
has an accident, and splits an arbor, the only way 
to repair it effectively is by putting a ring or collet 
over the split part of the arbor. Sometimes this 
is not possible, and then the new' pivot must be 
soldered in, a most objectionable practice. How- 
ever, if you have to solder one in remember to dip 
the soldered part into oil before it cools, or else you 
will be sure to have rust breaking out later, and 
spoiling your work. 

Defective Pinions. H the leaves of the 
pinions are badly worn or cut it is bad practice 
lo tile out the marks, because that would make the 
leaves too thin. The best plan is to turn a small 
quantity off the shoulder of one of the pivots, 
thus making it sink further through the plate, and 
then put a raised bush on the plate 1 on the opposite 
side to receive the other pivot. This will have the 
effect of shifting the bearing points on the pinions 
both of the wheel you are operating on and on 
the one which its wheel drives. 

A Broken Pinion Leaf. If one of the 

leaves of a pinion is smashed, the only good method 
is to make a new pinion, and as this will frequently 
have to be done when tilting up a new clock, we shall 
take this method first. Pinions arc generally 
bought in the form of pinion wire, which is steel 
wire drawn through plates which have the effect 
of cutting out leaves of varying numbers, from 
six to sixteen leaves. This pinion wire is sold in 
one foot lengths. 

First of all cut off as much as you will require 
for the new pinion, arbor, and pivots, and a little 
to spare. Then, with a smooth tile finish off the 
leaves, and see that the pinion is quite straight. 
This is done by placing the pinion between the turns, 
revolving it, and passing a piece of chalk along the 
side nearest to you so as just to touch the pinion. 
The bulge of the bent side will be marked, and the 
hollows unmarked. Lay the pinion, if much out of 
truth, on a smooth anvil w ith the marked aide down, 
and tap the hollow side with a light hammer very 
gently till the pinion is nearly true. At this 
stage the pinion need not be quite true, for after it 
has been worked it will have to be trued again. 

Now harden the pinion as follows. Tie a piece 
of soft iron wire round one end securely. Cover 
the leaves of the pinion with soap, fairly thickly. 
Have a good clear tire and a jar of water ready. 
Put the soaped pinion into the tire till it is all red, 
selecting a place where no coals can fall on it, and 
bend it when red. When all red pull it out with the 
wire and plunge it vertically into the jar of water. 
If you plunge it in obliquely, you will probably 
bend it. The soap is to prevent the leaves from 
being burnt before the body of the j union is red hot. 

Tempering. When the pinion is cool it must bo 
tempered. Make a U-shaped piece of wire, with a 
loop at each end, to hold the ends of the pinion. Hold 
the end of iho loop and pass the pinion through 
the flame of a Bunsen burner till it is warm. Now r 
cover it with tallow or oil, the warmth making 
either run well all over it. Again pass it through 
the flame backwards and fonvards and lengthways 
till the oil or tallow takes tire. Immediately blow 
out the flame, and let the pinion cool a little. Then 
give it another coat of oil, and again set it on fire 
m the same way, and blow it out. This ojieration 
is known as blazing. Under no circumstances must 
the tallow be allowed to burn itself out, or the 
temper would be too soft. 


Again true the pinion as before, this time bringing 
it to perfection, using a narrow steel stake as well 
as the flat of the anvil to ensure perfection. When 
the pinion runs true in the turns we can proceed 
to polish the pinion hearts and leaves. Make a 
few wedge-shaped pieces of wood, about six inches 
long and three broad, and make a mixture of emery 
and oil. Dip one of the pieces of wood into the 
emery mixture, and rub the bottom of the pinion 
leaves with this mixture, taking each hollow r in turn, 
and supporting the pinion on a piece of cork. When 
all the bottoms are well polished take another 
piece of wood with a groove* cut in it to fit the top 
of the leaves, and with this polish the tops of the 
leaves till brght. Now' clean off all the emery, and 
wipe the pinions quite dry. Then polish with crocus 
powder, used on a clean wedge and groove. 

Making New Arbor. -Mark off the 
portion of the pinion which is to be used in the 
clock (or watch, for flu* operation is the same) 
and then place the pinion wire in the turns, and 
turn down the leaves off the portions which are 
to form the arbor until the proper si/e is nearly 
reached. Solder on the collets on which the wheels, 
or wheel, is to tit, and turn them down smooth ; then 
put on the wheel and rivet it neatly. Run up the 
wheel with a file, and then finish off the arbor with 
a smooth file and a burnisher. 

The pinion head, or heads, as the case may be, 
next have to be faced up neatly, and this is done 
with two pieces of thick sheet iron, with holes 
bored in the centre a little larger than the pinion 
arbor. The best si/e for these is an inch square. 
Bach side of the facer, as these iron plates are called, 
is filed up fiat with a rough file, which leaves some 
small marks upon it. A little emery and oil is 
applied to the facer, and the arbor passed though the 
hole. Then the pinion is placed in the turns and 
rotated moderately rapidly while the face is pressed 
lightly against the head of the pinion which is to 
he polished. Every now' anti then you will have to 
tile your facer again, because the tempered pinion 
steel will rapidly eat into it, and make it uneven. 
When the heads are thoroughly fiat, you can finish 
them off with u clean facer and a little crocus 
mixed with oil. The wheel is next polished with ft 
fiat iron polisher, care being taken not to press 
too hard upon it, and the wheel being examined 
to see first that all the teeth are of the right shape. 
Any that are not quite right, whether the wheel 
be old or new, must be rounded properly with a 
topping file, which is a small file, cut on its flat face, 
and smooth on the other side, which is half round. 

Finishing Off. The final touches are now 
given to the arbors by polishing them with a flat 
iron polisher charged w ith emery and oil, and then 
polishing brightly with crocus and oil applied on 
two pieces of wood between which the pinion 
revolves rapidly. 

All the body of the new pinion, with its wheel 
attached, being now' finished, mark off the exact 
length required and turn and run t)ie pivots in 
the manner already described. When the now 
pivot is tiled down 'there will he a slight burr on 
t he cdsfc of the shoulder ; this should be removed with 
a graver before polishing, leaving a t iny chamfer. 

Your first practice pivot, pinion, and arbors 
will teach you a lot in the manipulation of clock- 
making tools, hut you must not expect it to bo 
workable, for only experience can make a skilled 
elockmuker ; however, you will find that the second 
attempt will be more than twice as good as the first, 
anti after a time you will acquire great precia : on. 


Continued 
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CLUBS.BOARDING-HOUSES&HOTELS 

Catering for and Management of Clubs. The Way to Make a Boarding-house 
Pay. Seaside Apartments. Hostels for Women. Catering in Big Hotels 


By A. B. BARNARD 


/"'•ATER1NG for private clubs resembles that 
^ of hotel catering, but a few details of gen tle- 
men’s and ladies’ clubs are given here. 

Gentlemen’s Clubs. The former, gentle- 
men’s clubs, vary in the limitation of membership, 
the better class having a fixed membership, some- 
times 1,500 or 2,000. The subscription for town 
members ranges from £7 to £10 10s. with an entrance 
fee of 10 guineas, sometimes more. There is a 
lower foe for country and colon i d members — from 
£1 to £5, with, of course, an entrance fee. The 
number of luncheons varies from 00 to 100 daily, 
at ft reasonable charge a la e irte for four courses, 
dinner including six courses. The rental of club- 
houses is high, but i? generally covered by the 
subscriptions. Sleeping accommodation is pro- 
vided at most club? at a moderate charge, of 5s. or 
0s. per night. In general a large staff is required, 
the duties being heavy some diys and light others. 
It includes the secretary, chief steward, head 
waiter, wine butler, cashier, valet, waiters, hall 
porter, night porter, house porter, pages, platemen, 
and maids. The wages for the chef run from £1 
a week to £0, waiters get 14s. to £1* a week, and 
maids £14 to £18 a year and laundry, augmented in 
each case by the Christmas-box fund. Club wages 
are considered very gocxl, though the working hours 
are long. A fortnight’s holiday is allowed to those 
who have been a year on the staff. Loss may 
occur on a month’s catering, for which the gains 
of another month compensate ; much depends on 
the carving, some carvers being more economical 
than others. In most clubs Is. a head is allowed 

S er day for each member of the staff. The chef 
aily makes a list of his requirements, and orders 
his goods, the steward cheeking the weekly accounts. 
Meat and vegetables are obtained from local trades- 
men, with whom special arrangements are made. 
They usually call twice a day for orders, and 
possess the advantage of serving better and being 
near at hand. It is usual to give away the broken 
food. Cold storage is used for perishable provisions, 
but no large quantities are stored, except in the 
case of dry goods. 

The staif nas its own hall, and the heads their 
own private sitting-room and bed-room. For the 
members’ use there are a dining-room, smoking- 
rooms, reading-rooms, library, card-rooms, billiard- 
room, strangers dining-room, and lounge. From 
the large kitchen a lift passes up to a room off 
the dining-room, where joints are kept hot, and 
covers descend to the dishes from the ceiling. 
In most clubs the staff at Christmas has a ball, 
paid for partly by the club and partly by the staff. 

Ladies' Clubs. An up-to-date ladies’ club 
of 1,000 members, with a guinea subscription, is 
located in a spacious town house, the large rooms of 
which have been cleverly cut up and most daintily . 
and luxuriously furnished as coffee-room, drawing- 
room, dining-room, silence-room, cloak-room, and 
smoking-room. The kitchens are at the top of the 
house, and have gas stoves. The charges for meals 
, are : Breakfast, Is. 6d. ; dinner, 2s. 6cl. to 3s. 6d. ; 
supper, Is. fid. Four of the staff are in the kitchen 
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(the chef and three others), three in the still-room. 
There are also six waitresses in the busy season, and 
live in the quiet season, beginning work at 8.30. 
Their wages run from £14 to £10 ; the girls get a 
fortnight’s holiday and one half-day off a week. 

Boarding-houses. In largo inland towns 
and seaside resorts there is a steady demand for 
boarding-houses. That they often turn out financial 
failures is usually due to want of good management. 
The proprietor needs certain distinctive qualifica- 
tions for the post, and here the }>ersonal equation 
counts for much. Houses are filled and kept full 
through the establishment of friendly relations 
between landlady and hoarders. The former should 
be capable, efficient, tactful, kind-hearted, amiable, 
just, dignified in bearing, firm, diplomatic, a bureau 
of information, and able to show a smiling face to 
the world. Independent aids to success are : 

1. Suitability of the house in size and situation. 

2. Attractive appearance of the place inside and 
out, involving cleanliness, neatness, and artistic 
furnishing, good beds being an important item. 

3. Neat, dapper, willing servants. 

4. Appetising meals, varied from day to day, 
taken preferably at small tables. 

5. Regular weekly payments by the boarders. 

It is not a bad idea to make a plan of the house, 

and write in the space of each room the rental it 
should yield to cover expenses of rent, lire, light, 
service and furniture. When the cost of table is 
added, the total expenses of upkeep are obtained. 

The following items are supplied by the 
manageress of a London boarding-house in the 
West End, containing 33 rooms : Rent, £200 : taxes, 
£70 ; gas, £30 ; coals, £25 ; wages, £1 20 ; housekeeping, 
£050 — total, £1 ,095. Average receipts for the year — 
£1,300, leaving a margin of £205 profit. Terms per 
week for boarders, with lunch, £1 10s. ; without 
lunch, £1 os. It Is hardly possible to provide full 
board for less than 25s. a week, or two meals a day 
and full board on Sundays for less than one guinea. 

A small, unpretentious boarding-house at Bos- 
combe gives the following particulars : Rent, £80 ; 
taxes, light, coal, £40 ; wages, £30 ; housekeeping, 
£230 — total outlay, £380. Tliis should accommo- 
date eight boarders, each paying 25s. per week — 
perhaps 30s. for large single bedrooms, but averag- 
ing 25s. for 44 out of the 52 weeks. Allowing for 
slack seasons, the receipts would average £440 per 
annum, thus yielding the small yearly profit of £60. 

* Apartments and The Hostel. Some 
people prefer a compromise between a boarding- 
house and lodgings. During holiday time mater- 
familias dislikes wasting the golden hours in. shops, 
and when the landlady is reliable prefers to transfer 
ordering from tradesmen to one who knows the 
ropes, and does not suffer from exorbitant charges. 
Orders and hours for meals are entered every, morn- 
ing in u book, and accounts settled weekly. 

Large profits may be made by enterprising land- 
ladies who know how to satisfy the tastes of certain 
wealthy clients. One at Eastbourne lets two 
suites' of rooms and provides board at £22 to 25 
guineas a week for the two.-, . Her rent is £150 per 
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annum, and she is able to keep herself and four 
servants on the food left over. 

One of the features of modern eity life in 
the establishment of hostels and residential clubs 
for women employed in various ways. The 
expense of living in such a community is compara- 
tively small, and the advantages are many. A 
girl earning 25*. to 30s. a week pays 15s. or more 
per week, but of course for such a moderate charge 
the affair can only be made profitable if con- 
ducted on a' large scale. There is a great and 
daily increasing demand for good hostels for Lon- 
don s army of educated women workers. That the 
problem of housing these is one of vital importance 
every thoughtful person will admit. 

Catering for a Yachting Cruise. 

Tn provisioning a yacht one encounters t’ e difficulty 
of supplying a vessel which may at any time, 
through stress of weather, he prevented from 
approaching land. Thus two important requisites, 
water and milk, may run short. Certain catering 
firms undertake to provision a yacht for either a 
short or long cruise, arranging to take back surplus 
stores at four-fifths of the original cost. 

Items indispensable to a yachting cruise include 
various forms of tinned provision*' — meat, lisli, 
poultry, and game. Vegetables and fruits may he 
tinned or bottled, and jam is always appreciated. 
In the case of houseboats and wherries on the 
Broads the dearth of fresh meat, fish, and vege- 
tables is less marked, though even there one 
hears of loafing parties getting into difficulties 
over catering. Then, even when meat or poultry is 
obtained, it is difficult to keep it sweet in hot 
weather in the limited store space afforded by a 
houseboat or wherry. Insect pests, owing to the 
presence of water, prove especially tiresome. When 
coal is stored on hoard, the plan of wrapping the 
joint in a cloth and packing it in the coal is recom- 
mended. Condy’s Fluid and vinegar are, of course, 
useful adjuncts. 

A lady, whose catering during a fortnight for a 
party of eight in a wherry on the Broads afforded 
complete satisfaction, gives the following part iculars 
and advice : •* The total cost per head for food during 
the cruise amounted to £1 18s. lid. This included 
the share of board-wages for two men in charge of the 
wherry, but not, of course, the hire, of the boat. 
The provisions taken included a cooked ham and 
a large piece of pressed beef. A box of groceries 
(tea, sugar, a jar of pickles, condiments, tinned meats, 
fruits, and soup) should be sent from London to the 
centre of the Broads from which the start is made. 
Biscuits prove useful when bread runs short. Milk 
can usually be obtained from a farm near one’s 
anchorage, but a few tins of condensed milk ensure 
a simply. One’s home milkman will usually lend 
a gctlion tin in which to fetch fresh milk. Eggs and 
butter may be procured from farms near; also fresh 
vegetables, and sometimes fruit. Candles, matches, 
and soap should not be forgotten. As beverages. 
Hose’s Lime Juice Cordial and a store of lemons for 
lemonade are acceptable. The larder can usually be 
restocked at one of the large centres on the, 
Broads.’* 

Hotels. Hotel-keening may be made fairly 
profitable when conducted on sound lines ; but, with 
lew exceptions, hotels rarely flourish under joint-stock 
Companies. For one thing, there is temptation to 
dishonesty in the management, as well as uncer- 
tainty of goodwill. In an hotel the pervading 
personal influence, “ the master’s eye,” is all potent, 
and under a board of directors the manager's hand 
hi usually more or less held. ’ Britishers are accused 


of being equally inefficient as waiters and privato 
hotel -keepers ; and women, it is contended, who 
might be supposed fit to undertake hotel manage- 
ment involving housekeeping on a large scale, fail 
to make a success of the concern. Extortionate 
charges, bad or monotonous cooking, want of 
attention, comfort and cleanliness are common 
complaints. Hotel management demands years of 
training and requires power of organisation, a good 
general education, business ability, tact, honesty, a 
pleasing personality, knowledge, ot foreign languages, 
and, of course, adequate capital. 

For capable women there is an opportunity in the 
management of temperance hotels, situated preferably 
near a railway station, and sometimes the property 
of the railway company. The manager needs a 
good general education, a knowledge of cookery, a 
capacity for housekeeping, also acquaintance with 
bookkeeping and business methods. She will not 
then fall into the error of “ cheeseparing ” economy, 
due to want of foresight, ignorance, and timidity. 

Managing a Temperance Hotel. The 
exterior of a temperance hotel should bo bright 
and attractive, its windows clean, its curtains spot- 
less, and its woodwork freshly painted. There 
should be no superfluous furniture, but what there is 
plain and artistic, with one or two really good 
pictures. The bedsteads should bo of modern 
style, and the carpets or rugs of substantial make. 
The manageress greets incoming guests, attends to 
the entry of the luggage, offers refreshments, com- 
municates the hours of meals, shows the bedroom, 
and sends a chambermaid w r ith hot water. From 
arrival tff departure, the guest is conscious of being 
served and considered in every way, and is aware 
that every detail of the management is carried out 
with equal efficiency. The manageress is near at 
hand when wanted, never too busy to -answer 
questions, and equally able to arrange menus 
economically and satisfactorily, and to give infor- 
mation concerning the town and district. The hotel 
is not overstaffed, but each person is capable and 
obliging. In the case of a railway temperance 
hotel the. cook, housemaid, head chambermaid, and 
commercial room waitress would manage others 
under them. In a small provincial town dairy 
produce is readily obtainable, and the manageress 
would, of course, do the catering herself, and, in the 
event of a garden being attached to the hotel, 
cultivate her own vegetables. In view of the increase 
of motor car traffic, the coffoz-room business might 
easily be improved. Repairs need constantly to be 
seen to, breakages replaced, linen and other acces- 
sories renewed. A combination of cracked tumblers, 
stumpy knives, torn sheets, and i||kcooked food is 
a pledge of failure. 

Hotel Charges. It is a mistake to think 
that a large hotel necessnrily makes high charges. 
Hood temperance hotels in London charge from 
3s. (id. for bed-room, breakfast, and attendance. 

Every hotel should have an arrival book, with 
spaces for the date, name of client, number of 
room, and entry of letters to be forwarded. 

In America two systems of charges prevail — (1) 
the American, at two to three dollars a day for 
board and meals ; (2) the European, at so much for 
the room, with cost of meals additional. 

The subject of hotel management is so vast that 
only a few points of interest can be touched, and 
the reader’s attention is diiected to “Practical 
Hotel Management,” published at 2s. 6d. by 
Messrs. Newton & Kskell, a book fuff of practical 
information and containing an interesting appendix 
on hotel law. 
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Hotel Catering. As in all catering, well- 
established, reliable butchers, bakers, and grocers 
should alone be dealt with, the bills being paid 
weekly or monthly, and weight and measure cheeked 
as the provisions are received. It is possible to 
estimate fairly accurately articles of regular con- 
sumption. For instance, for each person per day 
can be reckoned: Hu tier, 2 oz. ; loaf sugar, 1 oz. ; 
“tea, ^ oz . ; coffee, \ oz. ; bread, under 2d. ; and 
meat, 1£ lb. (including in this allowance meat for 
soups, etc.). A bill of fare posted up every morning 
in the entrance hall with time required for pre- 
paring special dishes has been found serviceable. 

The commissariat department can be made to 
yield a fair profit. Chefs, however, notoriously 
disregard expense, lienee various methods are 
adopted to check extravagance: (1) The chef 
controls the kitchen staff and stores, and keeps 
accounts of the latter, which are checked nightly 
by two bookkeepers. He is paid a percentage, 
say 10 per cent., on the profits of the commissariat 
department, and is thus rewarded for economy. (2) 
According to the “ mess system,” the chef, again, 
controls tho kitchen staff and purchases stores, 
but supplies them at fixed advance prices to 
visitors, say at one-fifth profit. As he pays for 
rent, hire of kitchen, and plant lie is somewhat in 
the position of messman of a regiment. (3) The 
manager superintends the purchase of stores 
wholesale ; these he hands to the chef, who on 
making up accounts at the month’s end is 
allowed a small commission on profits besides 
his salary. (4) In certain small hotels the chef 
has a requisition book, and every evening enters 
his requirements for the following day. The store- 
keeper has his own book, and accounts arc balanced 
moqthly. In the two last eases the manager keeps 
control over the kitchen. 

The Larger Hotel. In a large hotel with a 
staff of 100 to 120 servants the catering for them 
alone involves much labour and separate dining- 
halls ; but under economical management their 
meals need cost little — say, Is. a day. An hotel 
manager needs as much skill to control his littlo 
kingdom as a general does to command his army. 

In the modern palatial hotel, such as is increasingly 
taking the place of the town mansion of the opulent 
class, one may pay anything from £1 to £10 a day. 
The essential requisites for success are : 

(l) A big capital— the ground property alone 
may he worth £50,000 to £100,000; (2) suitable 
situation on or near a main thoroughfare, and 
near theatres, clubs, and the best shops; (3) maxi- 
mum of comfort; (4) efficient service; (5) excellent 
cuisine; (fi) goq^l sanitary arrangements. 

The managerf)f such a gigantic concern mvds to 
bo thoroughly trustworthy, a financier, a linguist, 
a man of quick and accurate judgment, known 
abroad, and practically skilled in buying provisions. 
He will import from France fruit, vegetables, 
poultry, foie gras ; from Italy, olive oil and eggs ; 
from America, the West Indies, and British 
Colonies, fruit (apples, pears, peaches, pineapples, 
^bananas). 

A staff of 200 is common : it sometimes exceeds 
400 or 500, waiters being in the majority. The 
amount of provisions consumed yearly is fearsome 
to contemplate. One hotel gives meat, 400,000 lb. ; 
chickens 25,000 pieces ; ducks, geese, and turkeys, 

4.000 pieces : pigeons, 3,000 pieces ; ortolans, 2,000 
pieces ; grouse, partridges, pheasants, 13,000 pieces; 
soles, 42,000 lb. ; other fish, 30,000 lb, ; ham anti bacon, 

47.000 lb. ; butter, 47,000 lb., and eggs, 380,000. 

Conti 


A large hotel should have its model farm, for 
poultry and dairy produce. It is worth while for it 
to grow its own pot-shrubs and flowers, since the 
bill for these items may amount to a considerable 
sum a year. In every hotel a good plan of the build- 
ing is a necessity ; in fact, one in every room 
would be appreciated, for some general idea of 
the place is wanted in case of fire. To the un- 
initiated the basement of a big hotel is a bewildering 
labyrinth, where kitchens, workshops, engine-rooms, 
store-rooms, bakeries, refrigerating-rooms, pantries, 
and laundry form a maze. 

If the catering department is to prove a success, 
too much stress cannot be laid on the necessity 
of checking, weighing, and measuring provisions. 
Where the chef is indifferent to this matter, abuses 
soon ereep in. The ablest cook is often tho most 
extravagant, and extravagance spells disaster. 
In hot weather special oversight of provisions 
is worth the extra trouble involved. Milk, meat, 
fish, and poultiy spoil; they should, therefore, 
be stored in the coolest, best ventilated rooms with 
northern aspect, and a daily inspection made, 
when any suspicious parts should he removed. 
Cooked and uncooked meat should be far apart. 
A slab of marble with cold water trickling over it 
is best for fish. Avoid light and dryness for 
vegetables, which should be obtained fresh daily. 
Poultry, and all birds, in fact, keep best suspended 
by the legs, with a sprinkling of pepper under 
the wings and legs. An economical cook will make 
potted meats from the remnants of poultry, game, 
ham, etc., so that by the time the man who buys 
the kitchen waste appears on the scene no dishes 
retaining any possibilities need pass into his hands. 

Wages of an Hotel Staff. The following 
particulars of wages paid to an indoor hotel staff 
of 72 are given in ‘ Practical Hotel Management”.: 

Housekeeper, aged 40 to 50, £40 per annum and 
laundress. Clerk £50. 

Bookkeeper, aged about 30, £35 and laundress. 
Duties : Writing bills for the previous day, keeping 
day, cash, wages, ledger books, etc., and 'making 
out visitors’ books. 

Ofiice Assistant, aged about 25, £25 and laundress. 

Linen-keeper, aged about 40, £35. Duties : Care 
of linen, bed-hangings, furniture covers, etc., and 
visitors' washing. Assistant linen-keeper, £15. 

Two barmaids, aged about 30, £25 each. 

Storekeeper, aged about 25, £20. Duties: Making 
daily lists, assisting in office, linen-room, bar, 
dishing dessert. 

Three chain hernia ids, one on each floor, £10 
each: six housemaids, two on each floor, £14 each : 
stair and corridor maid, £20 ; staff-room maid, £18; 
vaultsmaid, 14s. a week, living out; basement maid, 
£20; tw'O still-room maids, £24 and £18; kitchen- 
maid, £25 : vegetable-maid, £20 ; pastrymaid, £20 : 
scullery in a id, £15; odd maid, £18: five laundry - 
maids," £35 to £20 ; pan man, 15s. weekly. 

Head- waiters, 1st and 2nd, £1 Is. each per week. 

Two assistant coffee-room waiters, four assistant 
table d’hote-room waiters, each 14s. ; six sitting- 
room waiters. 18s. each; steward’s-room waiter 
and pantryman, each 14s. 

Two platemen, £1 Is. and 14s. weekly ; two billiard- 
markers, 14s. and 7s. weekly; two pages, 2s. 6d. 
weekly; ball- porter and second hall- porter, each 
1 0s, fid. weekly ; head and assistant cellarmen, £1 10s. 
and£l Is.; vaultsman and assistant vaultsman,£l 5s. 
and £1 ; engineer, H Is.; two night-porters, 15s. 
weekly, with two suits of livery; chef, £2 10s. 
weekly ; baker, £1 Is. weekly. * 
ued 
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’T'HE canes of commerce are yielded by plants of 
* the genua ('atamu*, climbing palms. The term 
cane is often loosely applied to any form of plant 
with long, slender stems, reeds and small bamboos, 
but in this article it is used to denote the products 
of various species of calamus. 

What Canes are Like, The plants yield- 
ing cane are graceful and are either in stunted 
erect bushes or long climbing plants, holding 
firmly on to the forest trees by means of prickly 
tendrils and attaining as much as (HX) ft. in length. 
The fruit hangs in clusters and is partly eaten by 
bill tribes, although the bitter-sweet pulp is not 
relished by Europeans. The stems do not often 
exceed 1 in. in diameter, and when freshly cut 
contain a large quantity of liquid, which may be 
collected by blowing through short pieces. The 
roots and young sprouts are eaten as a vegetable, 
and somewhat resemble asparagus. The base of 
the stems is sheathed in leaves, and when collecting 
the cane the natives pull the stems throng}) a notch 
in the trunk of a tree to clear off the leaves. On 
drying the canes turn yellow. The rattan cane is the 
particular variety with which we are now con- 
eerned. It is yielded by Calamus 
rotang ( Linn ., Barb .), and is found 
in India, Ceylon, Burma, and the 
Eastern Archipelago, in parts where 
the soil is rich and moist, and there 
are trees for it to climb on. This 
species yields the best and stoutest 
rattan .canes of commerce. 

Uses of Cane. The great 
strength and lightness of cane adapts 
it for a great variety of uses. The 
strength of the outer shiny layer, 
duo to the silicates it contains, is 
particularly noticeable. Cane is 
used for ropes, cables, walking-sticks, 
spear and lance shafts, fishing-rods, 
basket work, chairs, sofas and 
couches, umbrella handles — as a 
substitute for whalebone - — cane 
fabric, and chair-seating. 

An interesting use for cane, which 
illustrates its length and strength, 
is the construction in India of 
cane suspension bridges. Carefully 
selected canes, 300 ft. to 400 ft. long, constitute the 
chains, and bridges of that length are often thrown 
across rocky valleys 500 ft. above the water. The 
bridge generally consists of three parallel canes form- 
ing the pathway, the canes being knit together with 
bamboo or bark so as to constitute a band not 
more than 18 in. broad. The railings afford 
additional support and consist of two eancs carried 
about 3 ft. to 4 ft. above the pathway on either 
side. These are hero and there connected by 
perpendicular canes passing under the pathway, 
and the whole structure is bound together by a 
network of bark ropes or dialler canes. With 
the weight of the traveller the bridge bends until 
Jt is pften alarmingly near the water, and to prevent 
tne railing closing on the person crossing the 


bridge, barriers are thrown across at intervals 
about 18 in. above the pathway, similar stays 
being also carried overhead. 

Cane-splitting. The practice of cutting 
cane into narrow strips for caning chairs is a 
European industry, but it has now been adopted 
in the East. The strips are out either by hand or 
by machine. The hand moth >d is to fix a sharp 
blade, such as a razor blade, above a bench, after 
the manner of a spokeshavo. The uanc is pushed 
through from oik* side and drawn out the other 
side, taking rare to keep the cane down on the 
bench, with the thumb protected by a leather 
guard. The cane is first quartered, or split into 
four pieces, each of which is then further split. 
The fineness or coarseness of the strips depends on 
the distance between the bench and the blade. 
It is the outside layers that arc used for chair 
seating, the inside part, known as the wisp, having 
other uses which will be alluded to presently. 
The lengths of cane strips are technically known 
as slccins and average about (> ft. long, costing about 
2s. fid. a pound, the charge varying according to 
the fineness. The machines for splitting rattans 
work on similar principles to those 
noted above. There are feeding and 
grinding or controlling devices in 
conjunction with the splitting knife. 
The strip is often joined in a con- 
tinuous length and a variety of 
reinforced cane-strip which has a 
filament glued on the back of the 
strip lias been introduced to meet 
the demand for machine weaving. 
Machine-cut strips are very oven 
and the central core is left in the 
form of a perfect lod. Tho wisp is 
sometimes reduced to fibre and used 
for stuffing mattresses. 

Cane-seating. On examining' 
the cane seat of a chair it will be 
seen to consist of strips from back 
to front and from the side, in pairs 
through each hole in the frame of 
the chair and single strips diagonally, 
the whole interlaced. Tho strands 
from tho hack to (he front are tech- 
nically called doublings and those 
from side to side setting, and tho others, which, it 
will be noticed, are a little wider, are the crossing. 
The doubling is done first. Turn up the chair 
and it will he found that at one place the cane 
goes round ti><- inner edge of the frame and a 
loop w ill be seen to denote the starting place. This 
loop is simply formed by turning the short end of 
the piece under the cane on the top and inserting 
in the hole. To prevent the cane slipping loose as 
the scat is being worked a tool called a doubler or 
rimer [♦i is used. This consists of a smooth, steel 
spike, 2b in. long. taj»ering from a blunt point to 
,‘V in. at the tang, and firmly secured in a short, 
hard-wood handle. It exerts a wedge- like action 
when inserted into the holes. The cane Btrip is 
soaked in water for twelve hours to make it pliable 
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and to prevent cracking and splitting when lacing. 
As the cane contracts on drying the result is a 
firmer strand than would be obtained if dry crane 
were used. The end of the cane being held in 
place by tho rimer, the cane is taken over to 
the corresponding hole on the opposite rail of the 
frame and pushed down through it, then up through 
tho next hole and so on till the first strand of the 
doubling is completed. Then work tho second 
strand in the same manner. 

Setting and Crossing. Now proceed with 
the 8etlin 7 , but instead of working all round the 
chair with the first strand, before beginning with 
tho second pass both together through the hole's. 
Now, instead of pulling these across straight to the 
opposite hole, they arc* woven with the doubling by 
passing them alternately over and under each 
strip, for which a can ivg blade is used. A strip 
of stout tin serves well as a caning blade, as it is 
merely required to serve as a guide, up which the 
end of the strip of earns is directed, between two 
other strips. The crossin 7 is done in the same 
way as the setting with the aid of a caning blade 
but, instead of 
being double*, 
single strands of 
greater width are 
used. A spiral or 
corksorc w - 
sha ped need ] c 1 5 ] 
is also used for 
tho diagonals or 
crossing. When 
both sets of 
crossing are 
complete the 
weaving is 
finished and the 
» worker has to 
make tho cane 
firm by pegging 
alternate holes 
with wooden 
pegs. The pegs 
nro hidden by a 
beading which 
runs round tho 
frame over the 
holes. The 
beading consists 
of a strip of cam? looped clown by another piece 
worked through the holes left free from pegs and 
serves merely to give a finish to the chair. 

Close Weaving and Compressed Cane. 

Close weaving, such as is seen on railway carriage 
scats, is done by machinery. One machine produces 
the mat, or foundation, and a second inserts, or 
weaves in the diagonal strands. A knitted fabric has 
also been produced; it is composed of looped cane, 
the outer parts of the loop being indented or 
crimped so as to minimise the chances of breaking. 
Oan^ in its natural state is easily bent by placing 
\t in boiling water or hot sand, or heating by 
means of a llame [1 ]. This softens the cane, which is 
tied in the position it is desired to assume and 
left to cool. The cane blinds which exhibit geo- 
metrical designs are prepared in this way. 

Of lab' years considerable quantities of cane have 
been used in the construction of trunks and dress 
baskets. Such trunks are exceedingly strong and 
stand a good amount of hard usage without, injury. 
The central part of cane obtained by stripping off the 
outer laypr is softened by soaking in water or lye. It 
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becomes by this means pliable and is then mashed 
or flattened between a pair of rollers .through which 
it is drawn. The strips used for cane trunks arc 
from i in. to J in. in width and are laid down 
be* tween canvas. 

Other Canes. Malacca canes are obtained 
from Calamus Scipinnum Lour., a native of Sumatra 
and Cochin ( hina. The colour is due to a smoking 
process to which the (janes are subjected. Whangeo 
cane is the jointed stem with a portion of the 
root of Phyllostachys nigra , but is not a real cane. 
Various kinds of cane substitutes which pass as 
cane are the product of the betel nut palm, the 
palmyra palm or the coco nut palm. 

Bamboo. The plants that produce bamboos 
are gigantic but graceful grasses of tho tribe 
Bambmcce , natural order Graminece. A great 
variety of bamboo trees are known [2J; General 
Munro has described 170 species, and the botanist 
Kurz has dealt with the species, but much yet 
remains to |>c done before the subject can be 
said to have been exhausted. Tho following are 
the more important genera to which members 

of the bam- 
busea? have 
been referred : 
A r n n d i n aria f 
Mich. ; Bam- 
bnsa, Schreb. ; 
G ig a ntochloa, 
urz ; Oj'y • 
t cn a n t h e ra , 
Munro : Den • 

d roc ala mu s , 
Nccs; Meloca - 
lamvs , Benth. ; 
P s cudotost a- 
rhyitm, Munro ; 
Tci nostachyum, 
Munro ; Cepha- 
los tac hyn m f 
Munro ; Dino - 
chhm, Baser, 
M el oc an n a , 
T r i n . ; 0 c h - 

lan dr a, Thw. It 
is well, also, to 
indicate briefly 
some special 
kinds of bam- 
boo. B. arundinaceoR is sometimes called the 
bamboo ; B. vulgaris is known as the common 
bamboo, and is common in Java, and cultivated 
in fndia. The term <k male bamboo ” is applied 
to any solid bamboo used for spear or lance staves, 
more often to D. slrictns ; the black bamboo is 
P. nigra , the dark blotches being due probably 
to some fungus; the edible bamboo is a variety 
specially grown in Japan for food, the young 
shoots being boiled and eaten with cream sauce : 
the square, bamboo is Bambusa quadrangularitt 
Fenri. The last-named variety has been culti- 
vated from a kind which showed an unusual 
tendency to flatten at the nodes. The spiny 
bamboo is B. spinosa , in which buds have 
solidified to spines. Bamboos are found in Japan, 
China, India, and the Eastern Archipelago, 
being both cultivated and found wild. 

What the Bamboo is Like. The stem 
of the bamboo is jffactically of the same thiokness 
throughout, and, except at the nodes, is hollow. 
Certain special varieties usually of small diameter 
are, however, solid, but for practical purposes the 
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culms ** may be regarded as hollow. Bamboos 
grow in clusters, in clumps, or in a continuous 
manner. A clump consists of from 30 to 100 
culms, which attain a height of from 30 ft. to 
150 ft. The clumps arc often so closely packed 
together as to form an impenetrable jungle. 
A peculiarity of the bamboo is the rapid growth 
of the young shoot, the shoot increasing 3 in. 
to 6 in. daily, and attaining its full height in 
from 30 days to 3 months. A 
peculiarity about the bamboo 
is that the plant only flowers 

when 25 or 30 years old, and 

that the flowering is almost 
always followed by the death of 
the whole plant. 

Propagation. The bamboo 
is propagated either by seed or 
by cuttings, the latter being the 
readiest method. The best way 
to proceed is to cut from a one- 
year-old stalk one of the nodes 
with its branch, and place it in 
. water in a cool, shady place. 
During the summer, roots [6j 
will be produced at the node, 
and in the autumn the cutting 
3. methods is planted in a moist, shudv 
OP JOINING ground. Later on, when the 
BAMBOO cutting has made stronger roofs, 
it may be transplanted to open 
ground. If cared for when young, mulched with 
leaves, and carefully watered, the bamboo may 
be grown anywhere, some varieties standing 
S’ to 10’ of frost. In Florida, 
the bamboo attains a large 
size. New shoots appear in 
July, and in nine to ten weeks 
the shoots will often have 
reached a height of 70 ft. 

Though produced in a few 
weeks, a stem requires three 
to four years to harden and be- 
come fit for use. If left standing too long, or until 
the stem becomes yellow, it loses its elasticity. It 
is a rule not to cut bamboo till it is four years old. 
In Japan harvesting is done in August; if earlier, 
the stems are likely to be attacked by insects. A 
saw is often used in cutting the stems, and after 
cutting they are then classi- 
fied, tied into bundles, 
and stacked to dry. 

Properties and 
Uses. The many uses of _ 
bamboo make the plant ' S1 T,0N 1 
one- of the most valuable 
in the vegetable kingdom. 

The stems can be made 
into a continuous tube V 

1 V 
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by an iron rod through 
them, and these tubes can 
be put to many uses, such 
as conveying water. A 
largo bamboo sawn at the 
node makes a useful 
bucket or similar vessel. 

In the interior of the 
hollow stems of some 
bamboos, chiefly R. arun- 
dinacece , a silicions and ^ 
crystalline substance is found, known in the 
bazaars of India as tabashir, or bamboo manna. 

It is used as a medicine in lung diseases. Bamboo 
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has been recommended as 'a material for the 
manufacture of paper, but the hard hairs that 
cover the scales and young stems have been found 
to diminish the value of the 
stock as a papermaking 
material. Santos Dumont em- 
ploys bamboo for the framework 
of his dirigible balloons. Some 
other uses that may be men- 
tioned are: whitewash 
brushes. carrying- 
poles, pegs, pins, bas- 
ket work, mats, spoons, 
ladles' agricultural im- 
pl e m en is , fishing-rods, 
bows and arrows, man- 
traps, sword and uni 
broil a handles, walk- 
ing - sticks, ladders, 
garden poles, curtain 
poles, window blinds, 
fans, and musical in- 
struments. Plugged 
with hard wood and pointed, bamboo 
is used for garden stakes, and small 
bamboo twigs are finding 
creased use for pot training. 

Bamboo Furniture. One of 
the chief uses of bamboo in Knrope 
is the manufacture of furniture. 

(Mien]i and durable articles of domestic 
use — chairs, tables, sofas, and the like — can 
readily bo made from bamboo, the many 
different kinds and sizes of the rod that are avail- 
able making it easy to obtain 
bamboo of any desired struc- 
tural strength. The imported 
bamboo is known in the trade 
by its colour, such as tortoise- 
shell, natural brown, black and 
mahogany, some of the fancy 
kinds being artificially pro- 
duced. 

Tools Required in Working Bamboo. 

A few special tools are needed by the bamboo 
worker in addition to a small dovetail saw, 
bradawls, brace and bits, and gluepot. A few 
bamboo rasps are required from $ in. to 2 in. 
diameter J7], the distinguishing feature of these 
rasps being the high back. 
Their purpose is to hollow 
or round out the ends of 
bamboo canes to make a 
joint with another cane. 
A mitre- box [8] is prefer- 
able to the mitre- board 
where angles have to be 
made. The illustration 
showing the joining of 
bamboo is self-explana- 
tory. The process of 
bending bamboo consists 
in boating the outside of 
the bamboo in a smoke- 
less flame, such as a 
ft spirit lamp or Bunsen 
burner, and gradually 
applying pressure in the 
direction desired. Abend- 
ing iron such as is used 
for this work can be had for a few pence, and the 
mode of using it is readily grasped from tho 
illustration [9]. 
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ORCHESTRATION 

A Brief Survey of Orchestral Instruments in General Use. Their 
Compass, Peculiarities, and Limitations. Transposing Instruments 


By PAUL CORDER 


rYRCHENT RATION, or instrumentation, is the 
^ art of arranging and distributing music suit- 
ably among a number of different instruments. 
Before we can do this satisfactorily we must know, 
(1) the number and names of the instruments 
at our disposal; (2) the compass, and, roughly, 
the technical capabilities of each instrument: 
(3) the quality of sound, or tone-colour as musicians 
call it, of every instrument, not only singly but 
in combination with every other instrument. 
Wo must furthermore possess such elementary 
knowledge of the theory of music as can Ik* 
obtained by studying the course in this work 
[page 37]. It will be assumed that the student 
is familiar with this. Let us, then, turn our 
attention to the? constitution of the orchestra. 

Of the largo number of different instillments in 
existence certain combinations only, by a species 




of natural selection, seem to have survived, and, 
with sundry modifications, to form the principal 

r s of orchestra that are now to be* met with. 

may classify these arbitrarily into the full 
orchestra, the small orchestra, the theatre band, 
the string band, the wind band, the brass bands. 
It will not be advisable to analyse these in detail 
until we have learned something about the 
instruments that make up the various orchestras. 

All instruments in general use can be grouped 
naturally under one of four heads : Strings, 
wood-wind, brass, and percussion. There are, 
however, a few miscellaneous instruments 
less frequently used that defy this classification. 

The stringed instm- * 

ments, called briefly the 3. Cor\ juom 
Strings, although the ■ 

most important group, 
contain but four mem- \zQ~A 
hers. They are those /^ T : — — - - 

instruments played by ' II — 

means of a bow — namely, ^ 
the violin, of which there jj* . "S. 
are two groups in the fz 

‘orchestra, called 1st and \-Ql~ 

2nd ; the viola ; the • 

violoncello and the double- 

bass, all of which are f 

different sizes of what is practically the same 

instrument. 

Tho wood-wind, which are by no moans 

always made of wood, are those instruments 
wherein the sound is produced by means of tho 
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player’s breath through the medium of a reed 
or other contrivance. The principal typos of this 
group are the flute, oboe and clarinet. 

To the brass belong those powerful instru- 
ments of metal whereof the horn, trumpet, 
and trombone are the representatives. 

The percussion instruments are, as their 
name implies, such as depend for their sound 
on being struck. The majority of these produce* 
no musical note, and hence are of comparatively 
little importance. 

Of the varied uses to be made of these we shall 
speak later, after the compass and peculiarities of 
each instrument have been separately described. 

THE STRINGS 

Tn the first place, then, we must consider the 
strings. 

The Violin. The violin has four strings 
tuned in fifths [Ex. 1|. All intervening notes 
art* produced by pressing the fingers of the left 
hand on the strings, which are thus temporarily 
shortened, and the pitch, in consequence, corre- 
spondingly raised. The successive use of the four 
lingers on each string will produce a scale of t wo 
octaves and a third, but, by shifting the hand 
along the neck of the instrument, higher notes 
can be reached, the complete compass being 
nearly four octaves | Ex. 2]. The highest notes 
are difficult to play in tune and are best left to 
soloists, but it is hard to assign a limit for 
orchestral purposes. Much depends upon the 
passage and still more upon the players ; the 1st 
violins in a modem orchestra are often expected 
to play up to high E, but the 2nds should not be 
taken above A. 

A slight knowledge of violin playing will show 
that it is not advisable to write quick passages 
containing large skips unless these are to an 
open string, but anything in the nature of a scale 
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passage is perfectly easy provided it is not too 
chromatic (for the same linger has at times to 
■ play both sharp, flat and natural). It will, 
perhaps, be helpful to give a quotation showing 
what to avoid in passage writing. Ex. 3 






is exceedingly difficult ; whereas the example 
below [4] is not at all hard. 

The violin has (and indeed all the stringed 
instruments have) an immense range of tone, 
from pianissitno to fortissimo, and that through- 
out its entire compass. 

Unless otherwise indicated each note will be 
played with a separate stroke _ ^ r 

of the bow. This detached ** Lento f 
bowing is often most effective ; 
in quick passages it imparts 
a very exciting movement to 
the music, although at a 
very high rate of speed it 
is difficult for all the players 
to keep together. If several 
notes arc required to be played 
in one bow a slur is used 
over such notes as shown in 
Ex. 4, where eight notes are taken to each bow. 
The composer should be careful to mark the slurs 
wherever he requires them. A useful effect is that 
of double-bowed notes, where each note is 
played twice or of tenor, by means of short rapid 
strokes ; it is written as shown in Ex. 5. Or 
a further variety of the same kind, called the 
tremolo, requires each note to be repeated as 

Kx. 5. Allegro 


music 

an arpeggio form [Ex. 10], but they must be laid 
out precisely as if the notes were to bo played 
simultaneously. 

The tone of the violin can be muted by fixing 
a little metal clip to the bridge. This is indicated 
in the music by the Italian words con sordino , 
and has the effoct of entirely altering the tone 
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of the instrument. In place of its former 
resonance it acquires a nasal, whining tone 
which on a large body of instruments has a 
mysteriously beautiful effect, more especially in 
soft passages. It should, however, be used with 
reticence. A few bars’ rest must be allowed 
for the players to adjust their mutes, and a 
shorter rest to remove them (senza sordini). 

Another useful violin effect is that known as 
pizzicato (abbreviated to pizz.). In this the bow 
is dispensed with, and the strings are plucked with 
the forefinger of the right hand, in the manner 
of a guitar. If discreetly employed it lias a very 


Ex. 6 . 


Ex. 7. 


Ex. 8. 


Ex. 9. 



rapidly as possible [Ex. 6]. A legato tremolo is 
also used ; it is more effective in piano [Ex. 7], 
As the two notes must be on one string the 
interval should not exceed a fourth, unless the 
lower one is an open note. 

By inclining the bow so as to touch two 
adjacent strings, double notes are rendered 
possible, but must not exceed an octavo unless 
the lower note is an open one. In any cast' double 
stops should not occur in quick succession ; as 
an alternative the violins may be divided, 
half the players taking each part. Triple and 
quadruple stops are 'occasionally written, but it 
is advisable to see that one, if not two, of the 
notes are open strings. It must be borne in mind 


that one finger can stop two adjacent strings 
simultaneously (producing a perfect fifth), but 
care must be taken that the same finger be not 
required on strings which arc not next to one 
another. The chords in Ex. 8 are impossible, 
whUe those in Ex. 9 are quite easy. Triple 
w quadruple stops may be broken up into 


light and pleasing effect. It is bettor not to write 
for it on the highest notes, as the tone is hard 
above “ 0 in alt.” The bow is resumed on the 
indication area. 

Other violin effects of less importance arc 
sal ponticello and col legm. By playing close 
to the bridge a peculiar hissing tone is pro- 
duced, especially in tremolo in the lower part of 
the instrument. When col legrw is written, 
the strings are tapped with the back of the bow, 
instead of being played in the usual manner. 

By lightly touching the string at any aliquot 
part of its length (1, }, etc.) peculiar flute- 

like tones result, known as harmonies. The notes 
will not necessarily be those which would result 
by stopping the string 
at the same point. 
Half the string gives 
its octave (similar to' 
the stopped note) ; a 
third part will sound 
a twelfth above its 
open string ; a fourth part gives the double 
octave, this position corresponding with the third 
finger stopped note, and from this last fact has 
been developed what are called artificial har- 
monics. Since lightly touching the string with 
the third finger gives a harmonic two octaves 
above the open string, by stopping a note with 
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the first finger and touching the string with 
the fourth the harmonic will be two octaves 
above the stopped note; and by sliding the 
hand into higher positions, and proceeding 
similarly, a complete scale in harmonics can be 
played. In the orchestra harmonics (especially 
artificial) must be used with extreme care. The 
method of indicating them is rat I iit uncertain ; 
but natural harmonics are best marked with a 
circle over the note (°J ; for artificial ones, both 
the stopped note and the touched note are 
generally written, the latter with a square head, 
and sometimes the result is likewise shown. We 
give an example [Ex. 11). 

The Viola. The viola is a larger-sized 
violin, having its strings tuned a fifth lower. 
It usually takes the tenor part of the string 
quartet — the second violins supply the alto. 
Nevertheless, it has valuable qualities as a 
melodic instrument, and if it is seldom allowed 
to fulfil this function, it is solely on account of 
the paucity and weakness of viola players in the 
majority of orchestras. 

Music for the viola is written in the alto clef, 
except for its highest notes. Tts compass in the 
orchestra is about three 
octaves | Ex. 12J. Tts 
tone is inferior to the 
violin, besides being far 
less penetrating, and it 
requires great care, if 
it is given a solo passage, 
to enable it to stand out 

* from the rest of the 
strings. 

All that has been said 
of the violin will apply 
equally to the viola, ex- 
cept such as concerns its 
actual pitch. It is well 
accustomed to double 
and triple stops for the 
purpose of filling in the 
middle part of the harmony, but it is less 
advisable to divide them, except for a special 
effect. 

The Violoncello. The violoncello has its 
strings tuned an octave below the viola, but it 
has a larger compass than that instrument ; 
indeed, it is hard to fix a limit to the ’cello’s 
high notes as a solo instrument, but for orchestral 
purposes it is best kept within the compass 
shown in Ex. 13. Three different clefs are used 
— the bass, tenor (not alto), and, for the highest 
notes, the treble. Owing to the greater length of 
the strings, the distance between the note's is 
about double that of the violin, and, in conse- 
quence, fewer double stops are available, nor 

* are they so effective as on the higher- toned 
instrument. 

The normal function of the ’cello is the bass 
of the string quartet, but it has such a sonorous, 
singing tone in its higher register that it is 
invaluable for melodic purposes in the orchestra. 
Wagner and other composers have sometimes 
written harmony for ’cellos in four and live 
parts, and the effect is extremely beautiful. 
Mutes may be used on the Velio, and the other 
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effects described for the violin (including natural 
harmonics) are also available. 

The Double-bass. It was formerly the 
custom for the double-bass and the ’cello to play 
from the same part, the effect being to strengthen 
the bass of the harmony as supplied by the ’cello, 
for the bass always sounds an octave below its 
written notes— and, although it is still usual, to a 
large extent, to find the bass and ’cello playing 
together, there are many occasions on which 
they require to be quite independent. 

There is some uncertainty as to the tuning 
of the double-bass. The three-stringed instru- 
ment. which is now seldom seen, was tuned as 
shown in Ex. 14. The bass in most frequent use 
in this country is the four-stringed one, the 
tuning of which is generally given as in Ex. 15, 
sounding an octave lower ; but of late years 
double-bass players have been accustoming 
themselves to tune the fourth string down to D. 
This is a great convenience in the many works 
where notes below E have been written. For 
composers have always disregarded the compass 
of the bass ; Beethoven and others have fre- 
quently written it with the 'cello down to 0, 
necessitating awkward 
alterations of his parts. 
The upward limit should 
not exceed that given 
in Ex. 15. 

The tone of the bass 
is rather thick and 
4 ‘ woolly,” and it is 
better to have some 
other instrument play- 
ing with it (in the 
octave above), unless 
the peculiar effect of 
double-basses alone is 
< lesi red . Rapid passages 
an* for the same reason 
ineffective, besides being 
difficult. 

Double notes, besides being difficult to play, 
are quite ineffective so low down, and it is more 
advantageous to divide the basses on the rare 
occasions when more than one note is required 
of them. The two effects of tremolo (bowed) and 
pizzicato are even more useful than on the violin, 
hut it should be remembered that a tremolo con- 
tinued for any length of time is excessively 
fatiguing to the player. A pizzicato bass may often 
be employed while the rest of the strings are 
playing area to produce a light and pleasing bass 
to the harmony. 

THE WOOD-WIND 

We have now arrived at a consideration of the 
instruments that come under the head of Wood- 
wind. The chief varieties may be tabulated thus : 
Elute, oboe, clarionet, saxophone, bassoon, and 
their numerous varieties. Before entering upon a 
description of these a few Avords concerning 
transposing instruments will not be out of place. 
This is a matter that causes endless confusion to 
the student, of the orchestra, but if he will take 
the trouble to grasp the principle underlying 
this practice he will cease to consider it as ah 
ingeniously-devised puzzle, and will realise that 


Ex 11. 


Ex. 14. 




Ex. 15. 
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the custom 1ms some practical use, although less 
now than formerly. 

Briefly, then, the matter stands thus. A stand- 
ard instrument having been made which gives 
normally the scale of (J, accidentals being pro- 
duced by means of extra keys, it is said to be in C, 
at normal pitch, and gives sounds corresponding 
to the written notes. If another instrument be 
made, similar but of larger size, so that the keys 
that corresponded to the scale of C with the 
standard instrument now sound a scale of F, a 
fifth below, this instrument is siiil to be in F, a 
fifth below pitch. And by writing the notes as 
if they were to be played on the CMype (a tifth 
higher than they sound), the same player can 
use either instrument with equal facility, or any 
other of a different pitch. Tn other words, the 


* There is a flute of half the normal size and 
having a pitch an octave above the concert flute, 
called the Piccolo . The two lowest notes aro 
wanting, and the very high notes are so shrill 
and hard to play as to he of little use. Its 
compass is given in Example 17. The music is 
always written an octave lower than it sounds. 
The lower octave is weak ; in fact, the chief use 
of the instrument is to continue the high notes 
of the flute. It should bo used with reticence, 
and it will sometimes be found effective in 
brightening up a tutti. 

Other varieties of flutes, such as those used in 
military bands, need not here be considered ; 
but a bass flute in G, a transposing instrument 
a fourth below pitch, may be mentioned, though 
it is but seldom met with. 


Ex. 16. Ex. 17. Ex. 18. 


Ex. 19. Ex. 20. 
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composer has to transpose the music at his 
leisure to save the player the trouble of doing so 
at sight. The student will perhaps more easily 
comprehend the necessity for this if he imagines 
himself accompanying a violinist on a piano 
that lias been tuned a semitone*too high ; it will 
save him infinite trouble if his music is transposed 
half a tone lower, so that he appears to be playing 
in B while the violinist performs in C, and he will 
then have a good example of what happens in 
the orchestra with a transposing instrument. 

The Flute. The flute is a cylindrical tube 
of wood or metal (occasionally of other material), 
about 2 ft. long, whose source of sound is the 
column of air contained in it. This is set in 
vibration by the player blowing across a hole 
provided for the purpose. Other holes in the 
instrument an* covered and uncovered by means 


The Oboe. The oboe is sometimes called 
the hautboy, which is a corruption of the French 
u Hautbois.” This instrument differs from the 
flute chiefly in the manner of producing the 
sound. This is by moans of what is called a 
double reed, which consists of two thin slips of 
cane placed close together and connected with 
the wooden cylinder of the oboe. By blowing 
through the reed, the air in the tube is set in 
vibration, and the penetrating nasal tone 
peculiar to the oboe is produced. The fingering 
and mechanism are of the same* type as for the 
flute, Imt its compass is less extensive [Ex. 18]. 
The low Bl? is not found on all instruments. 
The tone of the oboe is less suited to rapid pas- 
sages. which, however, it is quite capable of 
performing, than to a plaintive melody, and, from 
its connection with the ancient shepherd’s pipe 



of pads and keys attached thereto, which are 
operated by the fingers of both hands. By this 
moans a complete chromatic scale for one octave 
is produced. By the adroit manage ment of the 
player's breath, these notes can be made to sound 
an octave higher, and even a third octave can 1 m* 
obtained with cross fingering. Example 16 
shows the complete compass. The two highest 
notes arc difficult and very uncertain. 

The flute has great facility of execution ; 
shakes, scales, chromatic and otherwise, present 
hut little difficulty ; but, except in the extreme 
high notes, its tone is not powerful, and in a 
tiUli it is quite inaudible. The term tutti, it will 
he r3me inhered, is used to denote a passage 
wherein the whole orchestra is employed, such 
Passage being almost invariably loud and full. 
With a sufficiently light accompaniment, its tone 
m the lower register is singularly pure and sweet. 

11 G >■%' 


if is used frequently for music- of a pastoral 
character. 

There is a larger sized oboe in F in frequent 
use. w hieh usually goes by the name of the Cor 
Anglais; the equivalent, “English Horn,” is 
seldom used for fear of confusion, since the 
instrument is neither specially English nor (most 
certainly) a horn. One feels tempted to wonder 
why the name Alto Oboe was not thought of till 
too late. Its tone is similar to that of the oboe, 
but even more hollow and nasal — the lower notes 
especially so. It is a transposing instrument, 
sounding a fifth lower than the written note ; 
we give the compass [ Ex. 19]. Quick passages are 
quite unsuited to this instrument. 

The Clarionet. Although bearing some 
resemblance to the oboe, the clarionet has many 
points of difference. Instead of the double reed, 
it is furnished with a somewhat stouter single 
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reed, which vibrates against a hollow box shaped 
suitably for a mouthpiece. It has, furthermore, 
this important difference : instead of its primary 
compass being ail octave, as with the flute and 
the oboe, the clarionet overblows at the twelfth — 
that is to say, in its second register each key 
sounds a note a twelfth above its primary sound. 
The full compass is over three octaves [Ex. 20]. 
Its tone in the lower register is exceedingly rich 
and mellow, which fact is attributed to the single 
reed. The second register is brighter, yet still 
rich and pleasing, and the high notes are even 
inclined to be shrill ; but just in the middle, at 
the break in the registers, there are a few notes 
of rather inferior quality. It is, of course, 
impossible to avoid this part, but it should be 
borne in mind that a passage.* such as t hat shown 
in Ex. 21, will not only he uncomfortable to 
play, but will show the instrument to the least- 
advantage. 

It is unfortunate that the clarionet at normal 
pitch has fallen almost 
entirely into disuse, the 
two most, generally 
written for nowadays 
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are the Bl? and the A 
clarionets. The former, 
perhaps the more popu- 
lar of the two, is a tone 
below pitch, and the 
compass is therefore a 
tone below that given 
in Ex. 20. The A 
clarionet effects a corre- 
sponding t transposition, 
sounding ‘a minor third 
below 7 the written notes. 

It is customary among 
composers to use (arbi- 
trarily) the B? clarionet 
when writing in flat- 
keys, and the A for 
sharp keys ; but some 
players prefer to use 
the B!7 instrument- for 
everything, to save 
themselves the trouble 

of carrying about, the two. thus disregarding 
the composer's directions ; instruments are now 
made with a low 7 E? key, so that the compass 
shall be equal to the A clarionet. 

The clarionet has considerable facility of execu- 
tion ; arpeggio passages are more suitable to it 
than to most wind instruments, and, with the 
exception of a few awkward shakes f Ex. 22], it has 
unbounded command over its whole compass. 

There are several varieties of clarionets beside 
those already mentioned that are occasionally 
found in the orchestra. A high clarionet in E!>, a 
minor third above pitch, and one in D, have been 
used by Rielutrd Strauss and others. The tone of 
both these instruments is shrill and unpleasant ; 
they should only be used for special effects. 
^More useful are the lower pitched instruments. 
One in F, a fifth below 7 pitch, is sometimes called 
the Basset Horn ; it is a great pity that- it* is so 
little used. It is made with extra keys, which 
extend its compass down to C (written note). 
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Unless otherwise stated, it may be- assumed that 
all the varieties of clarionet have the same 
written compass. 

The finest of all the clarionets, apart from the 
standard A and Bl? instruments, is undoubtedly 
the Bass Clarionet. It is usually made in B? 
(though composers have sometimes written for 
it- in A and 0), an octave below the ordinary 
clarionet; but, true to the conditions of trans- 
posing instruments, and despite the fact that th ' 
ordinary clarionetisl cannot play it offhand, the 
compass is given as shown in Ex 23. This sounds 
a major ninth lower fEx, 24]. The low Et? key is 
usually provided so that the A clarinet may be 
dispensed with. It is a pity that this fine 
instrument has not obtained a more permanent 
position in the orchestra, but the student is 
earnestly advised to write for it if there is the 
remotest prospect- of its being provided. Its 
low notes are exceedingly full and rich, it has an 
invaluable melodic quality in the bass and tone- 
register, and it blends far better with the 
rest of the wood- wind, and forms a more 
satisfactory bass to it. than does the bassoon. 

Oil account of th© length and weight of t 
the levers and keys rapid passages arc 
difficult, besides being ineffective; the 
sombre tone of the 
instrument is far more 
suited for sustained 
work. 

There is said to be 
an instrument still an 
octave lower, called the 
Pedal Clarionet , but few 
people appear to have 
seen or heard of it.. 

The Saxophone. 
A brief reference to this 
instrument will suffice, 
as it. is but. seldom 
hoard in the concert 
orchestra. 

The saxophone is a 
species of clarionet, from 
which it differs in having 
a conical bore instead 
of cylindrical. This fact accounts partly for its 
tone, which is fuller and coarser than the 
clarionet’s. It is made in metal, and in six sizes 
for concert use : 

Sopranino in F, .i fourth above pitch. 

Soprano in 0, at normal pitch. 

Contralto in F, a fifth below pitch. 

Tenor in C, an octave below pitch. 

Baritone in F, a twelfth 1x0 ow 7 pitch 

Bass in ( \ two octaves below pitch. 

There is also a similar series in E!? and B^ 
for military use. 

The compass, as regards written notes, is 
shown in Ex 25. These are the actual sound* 
only of the soprano saxophone in C. They 
all overblow at the octave, not at the twelfth, 
like the clarionet. 

The Bassoon, The bassoon is an instiu 
meat of the same type as the oboe, played in the 
same manner with a double reed* It usually 
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forms the bass of the wood-wind, but its com- 
pass is so extensive that it is well able to fulfil 
other functions than this. Music for the bassoon 
is written in the bass and tenor clefs [Ex. 26 j. 
It is quite possible to obtain notes above this, 
but it is rather dangerous to write such for the 
orchestra unless the player is above the average. 
Unless the bassoon is well played its tone is apt 
to sound coarse and harsh ; on the lowest notes 
it is next to impossible to play really piaun (some 
players never succeed in doing so on any part 
of the instrument). The best part of its compass 
is shown in Ex. 27. Tt is well able to play 
<piick passages, but these, if written low down, 
sound grotesque and even comic, which fact has 
been taken advantage of, more especially by 
Beethoven. 

The double bassoon is an instrument of 
t wice the length, folded in four for convenience, 
and sounding an octave below the bassoon, but 
with a more restricted compass [Ex. 28 1. These 
notes all sound an octave lower than written. 
What was said about the lower notes of the 
bassoon applies still more strongly to the double 
l >assoon. 1 1 s only use is to reinforce t he bass of the 
wind harmony (which it does very inefficiently) ; 
but unless doubled in the octave above its lowest 
notes are quite indistinguishable, and the clatter- 
ing of the reed is all that is audible. 'Hie pedal 
clarionet would be a vastly more useful instru- 
ment. 

THE BRASS INSTRUMENTS 

We now' arrive at the third group of instru- 
ments. There are so many of those used only in 
military and brass bands that wc can spare space 
lo consider but a selection of the most useful. 
Those which appear in the concert orchestra 
arc the horn, trumpet, cornet, trombone, and 
saxhorn, or tuba. 

The Horn, or French Horn. This 
important and useful instrument consists essen- 
tially of a tube of brass about 8 ft. long, of conical 
bore, coiled up for convenience, and furnished at 
one end with a mouthpiece, also conical but 
inverted, the other end opening out into a 
wide “ bell.” By means of varying the pres- 
sure of the air that issues from tho player's 
lips the series of notes given in Ex. 29 is 
produced. This is termed the scale of natural 
harmonies. 

The modern horn is, furthermore, furnished 


The 2nd piston lowers tho pitch 1 semitone. 
The 1st piston lowers the pitch 2 semitones. 
The 3rd or 1 st and 2nd combined, 3 „ 

The 2nd and 3rd combined, 4 „ 

The 1st and 3rd combined, 5 „ 

The 1st, 2nd, and 3rd combined, (> „ 

By this means all the gaps in the harmonic 
series can be filled in, and a complete chromatic 
scale obtained. 

We have now to attempt an explanation of a 
very puzzling matter. Before the invention of tho 
valve mechanism just described there was no 
means of altering the pitch of the harmonic 
series except by adding a fresh coil of tube, 
called a “ crook,” which merely had the effect of 
producing the same series of harmonics in 
another key. Therefore the composer had to 
direct his horn players to crook their instru- 
ments in whichever key would give him the 
most useful notes ; and by having several players 
with differently crooked horns it w r as possible 
to obtain an approximate diatonic scale, at all 
events in the upper part of the instrument. 
For the convenience of the player the part was 
always w ritten as if for a horn in C, but the sound 
varied according to the crook. The clumsy 
practice has been rendered quite useless with 
the advent of the valve horn, but it is necessary 
to refer to it, as the custom of crooking horns in 
various keys still continues to some extent. 
But the majority of modern composers write 
almost exclusively for the valve horn in F, as 
this crook has shown itself in many ways tho 
most satisfactory. It will be useful, therefore, 
to give the compass of this instrument with tho 
fingering [Ex. 30 J. If the student wishes to write 
for horns crooked in other keys, he should re- 
member that the key-note is always written as C 
and the other notes correspondingly transposed. 

The torie of the horn is very pure and sweet ; 
it is rather a slow-speaking instrument, and rapid 
passages are, for the most part, ineffective and 
difficult. Large skips should be avoided, also, 
and ungainly progressions of all descriptions; for 
each note lias to be formed by the varying air- 
pressure. wherefore the player must realise 
beforehand the sound he is to produce. A safe 
rule is to write for the horn as if for the voice ; 
vocal music will always be easy to play. The 
highest notes, to be effective, should be carefully 
“ led up lo.” not approached suddenly, as there 
is always sonic* uncertainty attending their 


with a mechanism consisting of a series of extra 
lengths of tube „ Q 
n d valves so u x * n 


contrived that on 
depressing one or ^zz 


depressing one or 

m ore of thro e 

pistons attached 
lo the valves these 
tulies aro put in 
connection with the 
main air-column, by 
this means lowering 
the pitch of all the 
harmonic series 
from one to six 
semitones. - 
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A “ first ” horn player accustoms himself to 
the higher notes, and should seldom bo taken 
below middle C, whereas the “ second ” horn 
is used to the lower notes, and is generally unsafe 
more than an octave above this. When four 
horns are used in the orchestra they should be 

considered as two pairs that is, the third horn 

should bo above the second. 

For some occult reason, it is customary to 
write horn (and trumpet) parts without key 
signature, marking in the accidentals as they 
occur, and if anyone is bold enough to break 
away from this tradition he must expect to hear 
an unusually liberal supply of wrong notes. 

A curious effect can 
be produced on the horn 
by inserting a pad in the 
bell of the instrument, 
partially blocking it up. 

This is called a mute 
(sordino), and its use en- 
tirely changes the horn’s 
characteristic tone. 

Played piano , an ethereal, 
far-away sound results 
in a fort? the tone be- 
comes terribly sinister, 
and of a quality that 
must be heard to be appreciated. Incidentally, 
the use of the mute raises the pitch of the horn 
(or, according to some authorities, lowers it) ; 
but this is a matter which concerns the player 
more than the composer. Those stopped notes, 
as they arc called, are often indicated by a small 
cross ( -| ) over them, or a passage of any length 
would be marked am sordino. 

The Trumpet. The trumpet is an instru- 
ment of the same character as the horn, but with 
a tube of half the length, and consequently a 
pitch an octave higher. The brilliant tone of the 
trumpet is said to be due to the shape of its 
mouthpiece, which is hemispherical, or cup- 
shaped, instead of conical. It is generally m itten 
for in F, a fourth above pitch, though it may, 
like the horn, be crooked in other keys. It is 
provided with a similar valve mechanism. 
Example 31 gives the compass Some players 
can obtain higher notes, hut they are very shrill 
and overpowering, even if well played. It is 
* more agile than the horn, though less so than 
the cornet, next to be described. 

The trumpet may he muted in the same 
manner as the horn, and with a similar result as 
to its tope in forte. 

On account of the smallness of its bore in 
proportion to its length it is impossible to sound 
either the fundamental note or the first harmonic, 
and its brilliancy is partly due to the fact of its 
notes being produced from the upper harmonics. 

The Cornet. The cornet, on the other 
hand, has its tube half the length of the trumpet, 
and f as its bore is larger, it makes use principally 
of the lower notes of the harmonic series. 
Although this necessitates the sacrifice of much 
of the trumpet’s brilliancy, yet this is in some 
measure compensated for by the increased 
facility ot execution. Hence it is far easier to 
find a good comet player than a fair trumpeter, 
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and, except in the full orchestra, the comet has 
to a groat extent supplanted the older instru- 
ment. The comet is usually made in Bt>, with 
a crook to convert it into A, which is useful 
when sharp keys are employed. These trans- 
positions correspond to those of the clarionet ; 
its compass in the orchestra is given in Ex. 32. 

A good player can perform wonders of execu- 
t ion upon it — shakes, scales, and cadenzas present- 
ing but little difficulty. One special effect may 
bo mentioned, that of a quick repetition of a 
note, called double-tonguing. This is analogous 
to the double- bowed notes of a stringed in- 
strument, but the effect is more staccato. 

The Trombones. 
The trombones are the 
most powerful of all 
the brass instruments. 
They are of the same 
type as the trumpet, 
but the mechanism for 
altering the length of 
the tube is different. 
Instead of the valve 
and pistons of the other 
brass instruments, the 
trombone is provided 
with a sliding elbow-joint- 
(similar to the tuning slide of a horn), by means 
of which the pitch may be lowered from 1 to 0 
n mi i tones. There are supposed to be three 
sizes of this instrument in use at the present 
day — the alto in Et>, the tenor in B?, and the 
Bass in F. But; experience shows that the alto 
and bass are very seldom forthcoming, the 
tenor trombone being that most frequently met. 
with in this country. Their compass is shown 
in Ex. 33 (alto), 34 (tenor), 35 (bass). For 
some entirely inexplicable reason the trombones 
are not considered as transposing instruments, 
but the actual notes are written. It is usual to 
write for two tenor and a bass trombone for 
the concert orchestra, although, as before ex- 
plained, the latter will probably be substituted 
by a third tenor trombone. 

Despite their immense power when playing 
forte the trombones have a considerable, range 
of tone, and their pianissimo is very beautiful 
and dignified. 

It. will bo seen that the slide of the trombone 
is less adapted to quick passages than the valve 
mechanism, but the trombone would b9 un- 
suited to rapid movement, as its tone is heavy 
and slow- speaking. 

The Saxhorns, or Tubas. These in- 
struments are similar in construction and effect 
to the cornet. They are made in seven sizes, 
and are mostly written as transposing instru- 
ments. Tho four highest are used only in 
military bands, and need not be considered here'. 
The remaining three are these: 

The Bass .Tuba in Bl7, called also the 
Euphonium [Ex. 36]. 

The Bombardon, or Bass Tuba in E? [Ex. 37]- 

The Contrabass Tuba in. Bt? [Ex. 38]. 

The compass given is for the best part of the 
instrument, but some lower notes cau to obtained. 
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especially on the high.es t of the three, and 
occasionally a few notes above the written 0. 

The B !? bass tuba, or euphonium, »s the 
instrument most generally used to form the 
bass of the trombone harmony in the concert 
orchestra. On these occasions composers have, 
for no particular reason, abolished transposit ions, 
and written the actual sounds for this instru- 
ment. The remaining brass instruments may 
be ignored by the student for some time to 
come. If he can acquire a knowledge of those 
described in these pages, he will have cleared 
away much of the confusion that always sur- 
rounds this subject in the mind of the beginner. 

INSTRUMENTS OF PERCUSSION 

This, the fourth group of instruments, need 
not detain us long. The majority of them have 
hut limited capabilities, and need to be used 
with extreme reticence. We will briefly describe 
the following : timpani, bass drum, side-drum, 
cymbals, triangle, tam-tam, bells and carillon. 
There are many others, but not of very groat 
importance. 

The Timpani, or Rettle-drums. These 
instruments enjoy the distinction of being the 
only variety of drum producing a musical note 
of definite pitch. In construction they consist 
of a hemispherical body of cupper, the open end 
covered with vellum which can be strained 
more or less tightly by means of screws placed 
round the circumference, thus giving notes of 
varying pitch. There are usually two or three 
in an orchestra ; the compass of the largest is 
given in Ex. 39, and of the smallest in Ex. 40. 
If there is a third drum, it is usually of medium 
size. The drums are 
played with a pair of 
light, elastic sticks with 
a head of felt or rubber. 

When used veiy rapidly 
alternately, the effect 
produced is called a roll. 

It is written as shown in 
Ex. 41. It has almost 
the etfect of a continuous 
sound, and is equally 
effective in piano or 
fork'. It will be obvious 
that each drum can only 
play one note (unless 
a change of tuning is 
effected, a process re- 
quiring some little time). 

They should, therefore, be tuned at starting to 
the notes most wanted during the composition. 
The older composers most naturally required 
the tonic and dominant of the key, but this is 
by no means always the case with modern 
music. If a change of tuning is required in the 
middle of a work a sufficient number of bars 
rest (some 20 or 30 seconds) must be allowed 
to effect this, and the indication written, 
“ Mute — in — ” naming the original note and 
the fresh' one required. If the student desires 
to know, how to write effectively for the timpani, 
let him study the scores of Beethoven's sym- 
phonies, notably Nos. 4 and 9, and he will 


understand how its limitations can be turned 
to account in the hands of a great composer. 

The effect of double notes on the drums (one 
stick to each drum) has been tried, but it is not 
particularly effective, and Berlioz's directions 
requiring sixteen drums whereby full chords are 
to bo played are most certainly not worth the 
trouble. It is possible to mute the kettle-drum 
by laying a cloth on the drumhead, but the 
effect is little used. 

Quite recently a pair of chromatic drums 
have been introduced in London ; they are 
provided with mechanism enabling them to be 
tuned instantly to any note. This should prove 
a great convenience. 

The Bass Drum. The bass drum is an 
instrument' familiar to everybody. If properly 
made it should produce a sound of indefinite 
pitch. It should be used with great reticence, 
and not be permitted to degenerate into a mere 
noise- maker. A stroke pianissimo can at times 
be used with beautiful effect, and the roll, which 
is preferably played with timpani sticks, is 
occasionally useful. 

The Cymbals. The bass drum is often 
associated with the cymbals. These are circular 
plates of hammered brass, which are clashed 
together, and are capable of producing a sonorous, 
metallic clang that is impressive if rightly 
employed. In theatre bands (particularly during 
the pantomime season) one cymbal is fixed to 
the bass drum, and the player wields the other 
with his left hand while with the right he holds 
the drumstick, and with these two instruments 
lie punctuates the first of every bar. This 
inartistic treatment is only fitted for circus 
music and the like, and 
should be severely dis- 
cou raged by the 
musician. 

A (‘harming effect 
may sometimes be had 
by playing the cymbals 
pianissimo [see the 7th 
No. of Tschaikowski’s 
Casse - Noisette Suite, 
which is a revelation 
of what may be done 
with percussion instru- 
ments]. A roll on 
a cymbal, performed 
with a pair of drum- 
sticks, produces a very 
weird and sinister 
effect ; or the cymbal may ho hit with the 
stick. 

The Side«drum. The side-drum is not 
often required, exce pt to impart a military flavour 
to nutsic. Tt is chiefly employed for the roll, 
which is of thrilling effect, and has a range of 
tone from ppp to ///. 

The Triangle. . The triangle is a rod of 
hard steel, bent in the form of a triangle. It is 
struck with a short steel rod, and emits a clear, 
bell- like note, which should have no definite 
pitch. Its occasional use has the effect of bright- 
ening up the music ; but, as with all percussion 
instruments, it must be sparingly employed. 
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Tam«tam. Mention may be made of 'the 
tam-tam, or gong, which is still more rarely 
used, and the various devices for imitating bells. 

The deep tone of a church bell is very accurately 
reproduced by means of steel tubes, which are 
suspended and hit with a mallet. 

Glockenspiel. For a higher pitched in- 
strument with 
a clear, bell- Ex. 41. 

like tone, the —— -ta 

glockenspiel or -j — — JJ 

carillon is cm- ‘ <J — * □ 

ployed. This 

instrument consists of a series of steel bars 
suspended in a frame, and hit with light wooden 
hammers. A large number of these bars can 
l»o obtained ) Ex. "«i. so that it is possible to 
play a complete melody on this instrument, 
although it is not. often advisable to do so. 
Its effectiveness would seem to be in inverse 
ratio to the frequency of its employment. 

The Celesta. A somewhat similar instru- 
ment, though with a far purer and more liquid 
lone, is the celesta. This is furnished w'ith a 
keyboard like a small pianoforte, so that chords 
and rapid passages arc quite w ithin its rapacity, 
and are most effective besides. Its compass 
is given in Ex. 42. One of the most notable 


Ex. 44 
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examples of 
the use of this 
instrument is 
in the 3rd No. 
of Tsohai- 
k o w 8 k i ’ 8 
(-assc-Noisottc 
Suite, before 
mentioned 

Of the miscellaneous instruments not included 
ill any of the prodding groups, the only one of 
importance is the harp. 







* / 

> 


raised a semitone to A {, and can be retained 
so as long as desired. On still further depressing 
the pedal, they are converted* into A jf. The 
remaining pedals perform the same operations 
for the other degrees of the scale. It will thus 
be seen that a chromatic scale can only be played 
as fast as it is possible to depress the pedals, and 
this “ footwork " is rather slow and clumsy, so 
that many of the passages written by Wagner 
in “ Die Walk m e M and elsewhere are practically 
impossible. 

On the other hand, diatonic music is equally 
easy in any key, and especially wide-spread 
arpeggios, which no other orchestral instru- 
ment can play satisfactorily, are just what the 
harp can best undertake. Two effects peculiar 
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to the harp deserve mention. If the pedals art 1 
arranged 0, D E b, F 3, I* A, B J, and the 
linger drawn rapidly across the strings in the 
manner called glimindo , the effect on the ear 
will be as of a very rapid and evenly executed 
aipeggio of the diminished seventh [Ex. 45 J. 
All diminished sevenths, and some other chords, 
which the student can ascertain for himself, can 
be played thus glissando , and the effect is very 
striking. Another interesting effect is that of 
harmonics. By lightly touching any string in the 
middle it can be made to sound an octave higher, 
and with a curiously altered tone. This should 
be indicated in the music by a little circle (°) 
over the notes to be thus played. 

Jt must be observed that the tone of the harp 
is never strong, and is easily overpowered by the 
orchestra ; especially is this the case when playing 



The Harp. This instrument has its strings 
tuned to the diatonic scale of 0 !?, its 48 strings 
producing the notes between the following 
extremes shown in Ex. 44. A series of seven 
pedals in the base of the harp is connected 
with an ingenious mechanism, whereby, on 
depressing one pedal, all the A!? strings are 


in its lower octaves. This smothering of the 
harp is the prevailing fault of German composers, 
and one must turn to France to find really 
effective harp writing. 

The Pianoforte and the Organ are so rarely 
used as orchestral instruments that it is not 
necessary to do more than mention them. 
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Position of Shipyards. Many points have side those is the stock of stool plates and angles, 

to be considered in deciding upon the most which can ho fed both from steamers at the adjoin* 

suitable situation of a largo shipyard. Tn order mg quay and from the railway which runs into the 

that a yard may possess a high degree of efK- yard. At the head of the berths are the sheds eon- 

ciency it is necessary that it should he within ready taming all the machinery for the cold manipulation 

access of the chief raw material used in the pro- of the steel plates and angles. Light rails are usually 

duction of ships — namely, iron or steel. It is also laid down in the yard, and small trucks provided 

desirable that a convenient supply of coal should for the conveyance of the material from machine 

be at hand. The transport of these items forms no to machine or to the ship. In some instances nearly 

small part of the cost of a ship, and the yard which all the transference is done by means of cranes 

is far removed from the source of supply of these or overhead trolleys working on stretched wire 

necessities is at a great disadvantage compared ropes, the object being in each ease the saving of 

with those nearer. Not only are the direct transit time and manual labour. Immediately to the left of 

expenses heavier, hut there is additional chance of the building berths are the sawmills, with the 

delay in delivery, and delay means expense. The joiners’ and cabinet makers’ shops above, and the 

ideal situation of a shipyard is therefore in the stock of wood in front, where it ran he readily 

midst of an iron and coal producing locality. landed from the timber ships. Near the centro 

Failing this, the next, best arrangement is to lay of the yard are the general stores, where all the 

down the yard at a place where there is cheap smaller items constantly being used in the construc- 

trniisit facilities -say, by sen— to the source of the tion of ships are kept. At, the extreme left of the 

raw materials. Another very important considera- yard are the engine and boilermakers’ shops, the 

tion in connection with the selection of a situation foundry, and the power-house, from the last of 

for a shipyard is the adequate supply of labour. which the necessary energy for driving all the yard 

To a certain extent this can he arranged for at any machinery is obtained. The engine and boiler 

place, hut it has its great ... shops and the foundry eom- 

ndvantages to select a — — . L I J ^ yh' f'\ p f\) r — muniento with each other 

locality where there is al- JL2 wood ] i | j ! l j Vroc* Ng by rails as well as with the 

ready a good supply of **** .**/*£, I , r~pi ST0C * | j .J,* . || powerful crane at the quay 

labour. A yard for the — — * — - l| 5 j? I? j *|\ J I side, where the ships lie 

building of large ships foundry — ~ * ;£ j ( i I £2 after being launched and 

must necessarily bo situated | l^«t J I*' \‘ J ^ receive their machinery and 

near the sea, for preference * [Will I °ther outfit. Opposite the 

at some sheltered hay or ‘ cows b*** tassl \ J boiler and engine shops are 

river, where there is a k - .v OLr t — A the smiths’ and boat- 

suitable depth of water to \ builders’ sheds. Many ship- 

hunch the vessel, and yards are not so complete 

where the shore is of a P*- AN SHIPYARD as the one here described. 

suftieiently tirm character 55 arrangement of a shipyard ln somt * there are on, .V 

to carry the heavy weight the necessary appliances for 

of the "hulls without expensive piling. The exact the building of the ships proper, and the engines, 

places in the yards where the ships are built are boilers, and other secondary parts of a ship are made 

called berths, and in a large yard there may be as elsewhere. In nearly all shipyards the majority of the 

many as a dozen of these. Round the berths are items that go to make up a modern ship’s outfit, 

situated the offices and sheds, with all the necessary such as auxiliary engines, boats, etc., are made 

machinery and stores. The exact general arrange- elsewhere, where they can be manufactured on a 

ment of a shipyard varies very much according more extensive scale, and therefore more cheaply, 
to the circumstances of each individual case, but Keel Blocks. While the ship is taking 
in the laying out of a new yard the aim should shape in the drawing office the yard outside 

always be to save all unnecessary transference of is being prepared for the beginning of the 

material or men. In such extensive establishments actual building operations. In the first instance, 

as shipyards a large amount of continuous it is necessary to see that the ground is so firm that 

expense may easily be incurred by inconvenient it will not yield at any place under the heavy weight 

arrangements of sheds and machinery, which may of the hull. If it did do so it would have serious 

necessitate extra handling of the material or the consequences, as it would be sure to cause the huge 

wasting of time by the men in getting from one steel structure to he deformed. The ground of the 

place to another. building berths sloj>es gradually towards the water 

^ General Arrangement of a Shipyard, at a rate of about one in forty or fifty, and when 

Fieuro 56 indicates the general arrangement of the foundation is secure and the space cleared 

a shipyard. All the head offices are at the entrance. of obstructions the keel blocks can be laid. 

In the centre of the yard to the right are the building These consist of piles of wooden blocks as 

berths, and round them are situated all the iron shown in 57. They are built up in a row 

md wood workers' sheds and machinery. On the from the water edge up the building berth 

extreme right are the frame setters’ furnaces, with as far as the vessel will extend. In order to 

the bending slabs and the scrieve boards. Just out- distribute the pressure of the blocks on the ground, 
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it is usual to begin by laying a few rows of 
planks and then to build on the top of these — a 
couple of blocks of wood being first laid in the one 
direction and then a couple in the other in order to 
give sufficient stability. As the piles get higher, 
the size of the blocks is reduced, and when the .re- 
quired height lias been reached a small cubical 
block is placed on the top as shown in 57. Great 
care must be taken that all these blocks are exactly 
in line both horizontally and vertically. If the piles 
were all of the same height, the line of the top 
blocks would have the same slope as the ground, 
hut it is usual to givethe keel of the vessel a little 
more slope than the ground, in which case the piles 
get gradually higher as the lore end of the vessel 
is approached. Careful attention is paid by the 
carpenters to these piles during the earlier stages of 
the building operations, as almost the entire weight 
of the structure is then borne by these supports, 
loiter on similar piles, called bilye Works, are pro- 
vided at the side under tho flat of the bottom to 
take part of the weight in addition to balancing 
the struct ure on the centre row of keel blocks. 
When the latter supports are ready, the keel bar or 
plate can be laid. 

' Laying of the Keel. Nearly all modern 
ships have what is called a flat keel plate , which 
is simply a strake of steel plating like all the 
remainder of the bottom but usually a little 
thicker. The preparation of such a keel is a com- 
paratively simple question — at least, for the greater 
part of the vessel’s length, where it is usually of 
parallel width and perfectly Hat. The keel plate 
varies in thickness from about b in. in the smaller 
vessels to 1} in. in the largest, and in width from 2 
to o ft. The plates are ordered practically to the neat 
sizes, so that they have only to be straightened by 
being passed through the rollers, planed on the edges, 
and punched according to templates for the rivets 
they have to receive. They can then be laid on the 
blocks and sighted to 
ensure that they are 
all in line vertically 
and horizontally. The 
laying of an ordinary 
bar keel is equally 
simple. Little pieces 
of wood are nailed to 
the top keel block to 
form a slot for the 
reception of the keel 
bars. These consist of 
wrought- iron bars from 
3 in. by J in. to 12 in. 
by 4 in., according to 
the size of the vessel. They are connected by 
scarfs, but only a few rivets are needed to hold 
them together, as the plating of the garboard 
strakes will, when in position, form efficient 
straps on both sides of the scarfs. The bars 
arc straightened, and holes are drilled in them 
before 'they are. placed in position — the exact 
position of the holes being obtained from templates. 
When the individual bars have been placed in 
position and attached, the entire keel is sighted and 
secured more firmly laterally by sloping shores 
from the ground as shown by 58. Besides the plain 
bar keel there are other more complex forms of 
keels, such as the side-bar keel, shown in 59, which is 
formed of two thinner bars fitted one on each side of 
a vertical plate, which extends up into the ship 
for the depth of the floors or more. This form is 
dealt with us an ordinary bar keel, but it is, how* 
evA rarely adopted now. The laying of the keel is 
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an act which shipbuilders often proceed with without 
delay, as the first instalment of the pries of the 
ship is then usually paid them by the prospective 
owners. While the keel is being prepared and laid, 
poles for staging may be erected by the carpenters. 

Staging. A sketch of the uppermost deck 
plan is supplied by the drawing office and the 
stage poles are arranged to be sufficiently clear 
of the * vessel at all 
points to admit of all 
working operations, prin- 
cipally that of riveting, 
being carried on with- 
out hindrance. The or- 
dinary stage poles consist 
of two rough pieces of 
timber obtained by saw- 
ing a pine trunk through 
the middle. They are 
then brought apart a 
distance of about 3 in., 
aH shown in 60, and 
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held in that position by short pieces of plank and 
bolts. They are let into the ground a sufficient 
distance to keep them upright without other 
support. Cross pieces of planks, called thwarts , 
are then placed on edge in the intermediate space* 
and supported bv iron bolts inserted, at the re- 
quired height, through one of the numerous holes 
provided for the purpose. When two pairs of 
poles have been prepared in this way. staging can 
be laid on the crow supports. Usually, the latter 
pieces of planks project beyond the poles towards 
the ship, so that staging may be laid here and an 
unobstructed passage provided along the side of 
the vessel. 


Preparation of Frames. In some instances, 
as in vessels with very straight sides, it may be 
possible to give the frames tho required form 
without heating them ; but- in the majority of 
cases the curvature required is so great that it 
is necessary to heat them in order that they can 
bo properly manipulated. This is done in a long, 
narrow furnace, \vhere red-hot gases from ordinary 
coal tires pass over and under the frame bars. 
The furnace is designed with a view to the tempera- 
ture being ah nearly as possible uniform throughout, 
as it is very important that the long bars should 
bo heated equally throughout their length, so that 
they may be made hot enough at all points without 
the metal being burned at any place. Immediately 
in front of the furnace door are the bending slabs, 
which consist of a flooP of heavy blocks of cast iron 
about 0 in. thick, and perforated by numerous 
holes about 1 b in. in diameter, as i?hown in 61. 



This floor must always be dose to the jerieve board, 
described in the preceding article [set paga 5310]* 
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The operation of preparing the frames is as follows : 
A considerable number of rivet holes are, of course, 
necessary in a frame, and as it is easier to punch 
these when the bar is straight than when bent, it 
follows that punching is the first operation to which 
the bar must be subjected after being obtained 
from the stock, and having had its dimensions 
checked. It would be desirable to punch all holes 
at this stage, but where the curvature is great this 
is not possible, as the process of bending distorts the 
holes too much at such places ; when the material 
stretches the holes elongate, and when it contracts 
they become compressed. At such places the 
holes are, therefore, not punched until the bar is 
bent. This applies to the holes in the neighbour- 
hood of the bilge, where there is nearly always a 
considerable amount of curvature. The marking 
of the frame rivet holes for the outside plating is 
made by means of a flexible ‘batten, which is bent 
round to the line of the particular frame on the 
scricve board. The positions where the landing 
edges cross the frames are marked in chalk on the 
batten, aR is also the exact length of the frame. 
The batten is then allowed to spiing straight and 
laid on the bar in such a way that there is a little 
to spare in the length at each end, which is allowed 
for in ordering the bar, and which is convenient 
in the subsequent bending operation. The positions 
of the landing edges are then indicated on the bar, 
and the marking of the rivet holes in the shell 
flange, or the flange attached to the outside or 
shell plating can be made. 

Punching of Frames. The spacing of 
the rivets centre to centre is stated in a sketch 
of the framing of the vessel, which is supplied 
to the workmen by the drawing ofliee. 'Hie 
rivets attaching two adjoining strokes of plating 
will, in way of a frame, also pass through it. 
Their position must ho governed by the landing 
edge, w'liich is not known exactly in relation 
to the frame, and it follows that there would be 
a considerable chance of unsatisfactory fitting 
if the shell edge or landing rivet holes in the 
frame bars were punched at this stage of the 
work. In marking the bars the spaces in way of 
the landings are, therefore, left blank, the holes 
being “beared” or punched by hand, when the 
frames arc erected in their proper place in tilt 1 
vessel, and when the exact position of the landing 
edges have been marked by means of fairing 
battens passed through the guide spots provided 
by the above-mentioned marks obtained from the 
scricve board. If a reversed frame is to be fitted, 
the holes for the rivets attaching it to the frame 
must be marked on the athwartship tlange of the 
latter, according to the spacing given on framing 
sketch. 


- Here, again, blank spaces aro left in way of 
ttoam knees and lugs attaching stringers to frames, 
4fl order that theso holes may be marked more 
exactly at a later moment. When all the required 
holes and the exact length of the frame have been 
parked, the bar is taken to be punched. This is 
none by means of a powerful machine, driven by 
mechanical power. The bar is laid on a strong 
bolster with a hole in it, a little larger in diameter 
than the required rivet hole. A stroug die of the 
size of the rivet is then applied 
with great pressure above, as shown _Wf. 

in 62, with the result that a circular 
portion of the material of the bar 
is forced through the bolster be. 
low, and a rivet hole thus provided in the 
frame. Thjfc is the usual way of making holes 
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in ship construction, except where very great 
accuracy is desirable, when the holes are made by 
the much more tedious and expensive process ol 
drilling. With experienced workmen a punching 
machine may be kept going at a considerable 
speed, holes being made as fast as the bar can be 
passed carefully through the machine. When a 
number of frame bars have been punched, and 
have had their exact lengths ]>crinanently nicked 
with a chisel, they are placed in the above-men- 
tioned furnace for heating. 

Form of Frame Angles. The next 
operation which the frame bars arc subjected to 
is that of bevelling. The athwartship flange 
of frames are always in a transverse plane at 
right angles to the keel line. Where the bottom 
and side of the vessel are cylindrical, as it may 
be for some considerable distance amidships, 
the outside or shell plating, and consequently tho 
shell tlange of the frames, will be at right angles 
to the transverse tlange. Nearer the ends of the 
vessel, where the shell plating is curved in a fore- 
and-aft- direction, the shell tlange will no longer 
be at right angles to the transverse one, and as 
rolled steel bars are always delivered from the 
steel works with their flanges at right angles to 
each other it follows that frames at the ends of 
vessels must have that angle modified along their 
length to suit the angle which the shell plating 
makes with transverse plane of the frame. It is 
this operation which is called bevelling. The 

amount of bevel to be given to a frame is measured 
on the srrieve board in the following simple manner : 
Let AM and BN [63] represent the lines of two 
consecutive frames, and let AC represent ft fore- 
and-aft plane at right angles to the planes of the 

frames. Between 
tho frames con- 
sidored the shell 

has curved in- 
wards to the 

extent of A B. Tho 
fore-and-aft 
spacing of tho 
planes of tho 

frames or of the 
lines AM and BN 
. is simply the frame 
spacing, and if 
BB l is drawn equal 



63 


to this, it follows that AC may be taken to be 
a plan view of the frame AM, and B ,0, tho same 
view of the frame BN. AB, will then represent the 
lino of the shell plating between these frames, and 
AB,C, is the angle between the plane of the frame 
BN and the outside plating or the angle to which 
the frame has to be bevelled. A board equal in 
width to the spacing of the frames may be obtained 
and a line bit, |63J may be drawn across it at right 
angles to the edges. If ba is set off equal to AB, 
the normal distance between two frame lines, as 
shown on the scrievc board, it follows that ob x b is 
the angle required. In tins way the bevel may be 
jneasuiod at any point- of the length of the frame 
and recorded on a piece of board. A simple 
mechanism which can be adjusted to suit tho 
frame spacing is usually employed in measuring 
bevels directly on the sciicve boards. 

Bevelling of Frames. When the frame 
bar is heated sufficiently it is pulled out of 
tho furnace on to the bending slabs, where it 
is laid straight, and one flange is held down 
by means of a piece of set iron along the edge, 
and a number of applianoes called dogs. These 
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latter consist simply of iron bars bent to an angle, This is simply a lever, as shown by 86 , adapted 

us shown by 64. By placing one arm in one of to the circumsta frees with a tap fitting in the 

the holes in the bending slab holes in the bonding slabs. In this way great 

and hammering it down securely f gradual pressure can be applied rapidly at any 

a considerable pressure may be t place where it may be required. At certain 

applied by the other end cm 64 places a few smart blows from a hammer may be 

the slab or anything on it. necessary to make the bar fit close to the mould 

A few of those dogs can thus hold a plate or at all points. In the process of bending, the 

angle iron very tightly to the bending slabs. horizontal flange of the frame will usually become 

When the frame bar w securely fixed a bevelling uneven, and it becomes necessary to adjust such 

lever is applied to the vertical flange, as shown by irregularities before the bar cools too much. 

65, and the angle of the bar is 1 Tins is done by means of blows from large, flat- 

opened at the various points of ' beaded hammers, or blows on the top of a fiattoner 

the length previously marked, ^ held on the unevennesses. While the bar is still 

and to the extent indicated by hot the bevel previously given to the frame is 

the record of bevels taken from £ carefully checked all along and rectified where 

the scrievo board. Hammers ) j found incorrect. It is highly important, in order 

a re also used in the process of gg to ensure high-class workmanship, that the bevelling 

angling the vertical flange, as is carefully done, and that the shell flange is quite 

unevennesses can be removed by a few strokes while fair and smooth, as otherwise it will be found 

the bar is hot. In some instances the process of impossible later on to obtain a fair fitting surface 

bevelling is done by a machine, which operates on for the outside plating. 

the bar as it is withdrawn from the furnace, a Reversed Frames. The hold ceiling of a 
simple lever movement effecting the necessary vessel is fixed to the reversed frames, and the holes 

adjustment in the bevel, and indicating at the same required for this purpose may be punched before 

time automatically the amount of bevel that is tho bar is bent, but sometimes they are punched 

being given to the bar. The bevelling of a frame by hand or “ beared ” when the ceiling is being 

bar need not be done with special care as it has to fitted. If the punching is done before bending, 

bo done over again, or, at any rate, carefully checked the position of the ceiling planks or cargo battens 

during the process of bending. Preparatory to is given, and the holes are marked and punched 

this the bar is again placed in the furnace, and accordingly. The reversed bar is then bevelled 

while it is being re-heated the workmen prepare and bent in tin* same manner as a frame bar, but 

the bending slabs. as it is most convenient to have the sot iron adapted 

The Bending of Frames. First they to the concave side of the bar. it follows that this 

mark carefully on the scrievo board the line of mould will, in the case of frames, be fixed on the 

the frame about to be bent. Then they take bending slabs to the toe of the frame (iange and 

a piece of thin iron, called a set iron, which is to the heel of the reversed frame bar. Bulb 

readily bent to the shape of the frame line. It angle and channel frames are bent as ordinary 

is. then laid on the bending slabs, and a chalk angle bars, but when Z frames are adopted it is 

line drawn on same, which is the line of the necessary to use special iron blocks laid on the 

frame transferred by the set iron from the bending slabs to raise the web of the bar sufficiently 

scrieve board. It indicates the final shape of to allow of the frame being bent without its canting 

tho frame, but if the bar was bent exactly through one of its flanges touching the ground, 

to it the result would be that it would not got When a frame and reversed frame for one side of 

curvature enough, as it straightens considerably llie vessel have been bent, their respective set iron 

in the process of cooling. The experienced frame- moulds are simply reversed on tho bending slabs, 

setter knows how much more curvature it is necos- and the corresponding angles for tho other side 

sary to give to the set iron in order that the frame of the vessel can be bent at once. The floor 

may have the proper curvature when cool. When plates are now very rarely bent in steamers. It 

tho set iron has been given this extra curvature it is only where narrow floors are adopted in Ringle- 

is laid on the iron slabs, to form a mould against bottom vessels that the floor plates are bent at 
which the frame may be bent. To retain it firmly the bilges. They may be bent on the slabs to tho 

in tho position, dogs are again used. In order that same line as the frames, or the bend may be of 

the set iron may be able to resist the pressure of such a local character that the work is done by 
tho heavy blows on the frame bar when it is being the ordinary smiths, who are supplied with tom- 

bent it is necessary to drive stout iron pins into plates, giving the required form of the floors at the 

tho floor holes close against the concave side of bilge. As these plates are fitted between the 

the set iron. In many eases it will he found that frames and reversed frame angles, tho extreme 

it is impossible to drive a pin into a hole, and point is hammered down to give it a wedge-shaped 

having it bearing tightly against the side of the form, which will admit of the frame and reversed 

set. iron ; and it is therefore necessary to place frame being gradually brought close together, 

wedges or rings of suitable thickness against or without the use of wedge-shaped packing pieces 

round the pins in order to obtain a proper backing to fill the otherwise empty interstices. In most 

against which to work. When all this has been modem ships the floor plates which are directly 

done and tho frame bar is heated to nearly a attached to the main frames are simply brackets 

white heat, it is drawn out of the furnace and that arc sheared cold to their proper shape, 

rapidly placed in position and secured at its lower Checking the Curvature of Frame®, 
end. If it is a light bar it can * When the frame and reversed frame have 

now be bent round the set iron cooled sufficiently they are taken to the scrievo 

mould by means of a chain Js board and their form checked with the proper 

fixed at the other end. If the // frame line. Any little discrepancies that may be 

bar is a heavy one, it is con- observed now arc easily adjusted without re-heating 

venient to use a squeezer to — -I the bar. The curvature is modified by simply 

press it home to the mould. 86 holding two very heavy hammers against the bar 
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a little distance apart, and then striking it heavily 
with a third midway between the two. When 
the exact required form has been obtained the bar 
is laid on the scrieve board in its proper place 
and the correct position of decks, stringers, ribbands, 
landings, etc., arc permanently marked in a manner 
that will admit of easy identification later on. 
The exact length of the frame is also marked now, 
as well as the rivet holes for stringer lugs and beam 
knees, and for the shell plating at the bilge, where 
they were omitted until now, when greater accuracy 
can be ensured. The frame is then sheared to its 
exact length, and the required holes are punched. 
When the frame bar corresponding to a line on the 
scriove board has been dealt with in this manner, 
it is laid on the ground and the corresponding 
frame for tho other side of the vessel, which cannot 
be chocked by the scrieved line, is reversed and 
laid on tho top of tho frame already dealt with, 
in order that their curvature may be made to agree 
exactly. The position of decks, stringers, ribbands 
and landings, and rivet holes that require to be 
punched, are marked to agree with those of the 
other bar. 

The rivet holes required for the beam knees and 
for side stringer lugs are usually marked by templates 
which are exact wooden copies of part of the beam 
knees and of the short angles attaching stringers to 
frames where there are no reversed frames, or in 
conjunction with those bars. The rivet holes 
required in the knees and lugs are drilled in tho 
wood pattern, which is simply laid in its pnqter 
position on the frame, and the holes marked on 
same with paint, through those in the board. 

Floor Plates. When a frame has been 
sheared and punched, the corresponding floor end 
bracket is laid in its proper position on the scrieve 
board, and the frame is placed on the top of 
it, as shown in 67. The required shape of the 
floor plate is obtained by drawing a chalk line 
on it along the heel of the frame. The upper 
edge is usually straight, in which case one of 
the edges of the plate is made to coincide with 
this line. The holes for the rivets attaching the 
frame to the door brackets are already punched 
in the former, and as the frame is lying on the 
top of the Uoor plate, the holes are easily trans- 
ferred to the latter by paint marks. The remainder 
of the holes in the floor brackets — ^ 

namely, those for the attachment to 
the tank margin plate, and to the re- .• 

versed frame, may bo marked from 67 
templates, or in the latter instance, s 

from a pieco of set iron bent to the? 
shape of the lower part of the reversed 
frame, and laid on the frame and floor 
plate in lieu of the reversed angle, 
which has not been completely pre- 
pared at this stage. The floor bracket 
can now be sheared and punched, and 
is then complete. 

A bent reversed frame must, in the 
first instance, have its curvature 
\ cheeked by being laid on tho frame, 
with which it is made to agree. When 
this is dono, it is laid on tho ground, 
and the frame is placed in the top of it, as 
' indicated by 68 , when all the holes in the 
transverse flange of the frame are readily trans- 
ferred to the reversed frame by paint marks. 
The holes for the floor rivets are marked on 
the reversed frame by tho piece of set iron used 
in marking the floor plates, care being taken to 
ensure it being in the same exact relative position 
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with regard to the frames as when tho floor plate was 
being marked. When the reversed frame has been 
sheared and punched, the three parts — namely, the 
frame, roversed frame, and floor bracket, can at once 
be brought near to tho building berth and bolted 
together ready for riveting. The processes of 
jmnehing, bevelling, and bending the frames and 
reversed frames, cheeking their curvature, shearing 
and punching the floor plates, and fitting them all 
together, are usually being carried on simultaneously 
by various squads or gangs of men. 

Watertight Bulkheads. The bulkhead 
frames are usually dealt with separately, although 
in the same manner as the ordinary frames. No 
reversed bar is required here, but double frames are 
commonly fitted. When the frames for a water- 
tight bulkhead have been bevelled,*, bent, and 
checked, the entire, bulkhead plating is laid on the 
scrieve board in the proper position, and with 
proper overlaps, as indicated on the bulkhead plan 
supplied by the drawing office ; and the frames, 
or at least one set, if they are double, are laid on 
the top also in the proper relative position, as shown 
by 69. An outline of tin* bulkhead can then be 



the plating. 

t ( These holes 

69. WATER-TIGHT bulkhead closer spaced 

than the rivets 

in the frames and reversed frames, as the 
work is to be watertight at. this place. The 
rivet holes in the edges and butts Of the upper- 
most alternate strakes of plating, as they lie on the 
scrieve board, have previously been marked and 
punched. They are simply marked at their proper 
spacing and proper distance from the edge, as stated 
on the plan. The corresponding rivet holes for the 
strakes of plating below are then simply marked 
through those of the plates above. The work of 
fitting the bulkhead plating is comparatively 
simple, as nearly all the plates are parallel, 
and require no shearing, except, perhaps, on one 
end or edge, where it is at tho boundary of the 
bulkhead. The top bar or bars attaching the bulk- 
head to the deck plating are bent cold to the curve 
of the deck in the manner of beams, as will bo 
described later on. The rivet holes in this angle are 
transferred to the bulkhead plating, as in the case of 
the frames. The bulkhead stiffeners are shown on 
the plan, and the rivet holes for their attachment 
to the plating are marked as specified on the draw- 
ing, and punched accordingly. The bars may then 
ho laid in their proper position on the bulkhead on 
the scrieve board, and the holes can be transferred 
to the .plates, which are then ready for punching 
and shearing to shape. Bulkhead stiffeners are now 
commonly formed by fitting the plates vertically, 
of suitable width, and flanging one end of each 
plate, of both edges of alternate plates, by which 
arrangement a considerable amount of weight and 
expense is saved, as fewer pieces of material are 
required, and also less riveting. Another common 
device of reducing tho expense is to fit single 
frame and deck angles, in which case they are, 
however, usually of increased size. 
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Double-bottom Frames, Reversed 
Frames, and Floors. The frames of the 
double bottom are, as a rule, simply small angles 
with flanges of equal width attaching the shell plates 
to the floor plates. In some instances, they are 
perfectly straight for the greater part of the vessel s 
length amidships, as indicated in 70, in which case 
they may even be entirely dis- 
pensed with through flanging | | j 

the floor plate at the lower ' 

edge. Where, as is usually the 70 

ease, there is a slight bend in 

the frame at the outer end, one pattern or template 
will serve for a great number of frames, although 
the length of the bars may shorten as the ends of 
the vessel are approached. The templates not only 
give the foryii °f the frame, but also the position of 
the rivet holes, both for the attachments to the 
shell plating and to the floor plates. The tem- 
plates consist, in fact, of two exact but separate 
wood patterns of the two flanges of the frames. 
When the length of the bar, the rived holes, and 
the landing edges have been marked, the angle can 
be sheared and punched. It is then heated, if 
required, and bent in the usual manner on the 
serieve board, where one piece of set iron will serve 
for the majority of the frames, owing to the bottom 
being flat, except for the rise of floor for the greater 
portion of its length. The frames of the ends of 
double bottoms where the curvature varies are 
dealt with as ordinary frames from the lines on the 
serieve board. The reversed frames of double 
bottoms are usually perfectly straight and without 
bevel for the entire length of the inner bottom. 
They can, therefore, be dealt with throughout, by 
template, as in the ease of the amidship frames. 
They are very commonly dispensed with by flanging 
the upper edge of the floor plates to form an attach- 
ment to the inner bottom. The floor plates of an 
inner bottom are almost entirely dealt with by 
templates. 


Templates. These appliances have already 
been referred to more than once. As they arc 
very comlnonly used in ship construction, they 
may conveniently he explained somewhat more 
fully here. They are, as the word implies, tem- 
porary plates, which serve as patterns for the 
real ones. They are made of very thin and light 
strips of boards, nailed together to the required 
form. If this should not be made up of straight 
lines, it is approximately roughed out by pieces of 
boards, and the exact form can then be easily 
cut in the thin wood with a knife; These 
patterns can be conveniently carried about, and 
more exact workmanship is, in fact, possible with 
them, owing to their handiness, than if the actual 
plates were being used for the purpose. 

Figure 71 shows such a template for the floor plates 
of a double bottom. The ; 

exact outline of the floor is 
first produced. Next rivet Jij A 

holes for the attachment of 
the frames, reversed frames, 
and centre, side -- and tank 
murgin girders are marked according to 
specified spacing. When a plate has 
obtained from the stock the template is 
on the lop of it, and the exact shape of the 
floor as well os all the rivet holes can be marked in 
a very short time. The plate is then ready for 
being sheared and punched. The template above 
referred to for the transverse flange ot the frame 
of a double bottom is simply an exact replica 
Of the lower. edge of the floor template. Similarly 
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the template for the transverse flange of the re- 
versed frame is a replica of the upper edge of the 
floor. When the floor plates and the frames and 
reversed frames of a double bottom have been 
prepared, the various items are bolted together 
and riveted up in the neighbourhood of the building 
berth ready for erection. 

Erection of Centre Girder. The 

laying of the keel has already been described. 

When it is a flat plat*? keel, each plate is prepared 
from a template which shows the rivet holes in the 
edges, butts, frames and centre girder or keel angles 
indicated in 72. One template will serve for the 

great majority 
of the plates' 
When the 
keel plates 
have been 
kid, secured 
and sighted, 
they are bolted 
together, and 
the work of erecting the centre girder may be 
proceeded with at oneo. The keel angles are 
first fitted. The rivet holes in the horizontal 
flanges are marked from templates correspond- 
ing to the centre rows of rivets in the keel plates. 
The holes in the vertical flanges are likewise marked 
from a template. When the angles are sheared 
and punched, they are placed in position, and 

screwed down with bolts and nuts. The vertical 
keel plates are now prepared. For the bottom 
rows of rivets the template is the same as was 
used for the vertical flange of the keel angles. At 
the upper edge a fresh template is used for the 
holes of the centre girder top angles. A short 
template is prepared for the vertical angles attach- 
ing the floor plates to the centre girder, one template 
serving for all. The position of each floor must be 
carefully marked on the centre girder plate before 
the templates are applied. The holes in the vertical 
flanges of the top angles of the girder are marked 
from templates as in the case of the keel angles, 
and those in the horizontal flanges for the attach- 
ment to the tank top plating may be marked either 
from templates or simply in accordance with a 
specified spacing. When the flat and vertical keel, 
plates and angles have been erected and securely 
bolted they are all riveted up together and the 
first part of the ship is complete. Usually the 
vertical angles on the centre girder are prepared 
and riveted up at the same time as the remAinde. 
of the girder. 

Erection of Floor Plates and Side 
Girders, As soon as the centre girder is com- 
pleted the erection of the floors is proceeded with. 
This is a very simple piece of work, as it is only 
necessary to lift them to the required height, bolt 
them to the vertical angles on the centre girder 
at the one end, and tit a ribband with shores to the 
ground as support at the other end. A ribband is 
a straight or bent timber, usually of neaily square 
section, which is employed temporarily to secure 
floors, frames, and beams in their proper relative 
position until the plating serves this purpose. Their 
positions have to be arranged to suit the fitting of 
the plating, and they are consequently marked on 
the serieve board and transferred to all the 
frames. The erection of 
the floors may take place 
concurrently with others 
being riveted up on the 
ground, and as the work 
73 of erection proceeds the 
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intercostal girders shown in 70 and 73 may also be 
fitted in place. They consist of plain rectangular 
pieces of plates that may be made to templates, if 
they are not ordered from the steel works to exact 
size, or, these plates being small, they may be taken 
to the ship, and the vertical rows of holes marked 
to suit those in the angles already riveted to the 
floor plates. The prompt fitting of these inter- 
costal plates is very desirable, as they add rigidity to 
the structure, and prevent the floor plates from trip- 
ping. When the floors are erected the fitting of the 
margin plate may be proceeded with. Figure 73 
shows a common arrangement of the iermination of 
J-he double bottom. The margin plate consists here 
of a continuous girder similar to the one at the centre 
line, but shallower, and fitted at an angle to the 
vertical in order to be square to the surface of the 
ship. At the bottom edge it. is attached to the 
shell plating by a single angle, and at the upper 
edge it is flanged to form part of the tank 
top plating, to which it is, of course, attached. 
The plates are prepared from templates adjusted 
and marked in posit ion on the floors. The margin 
angle for attachment to the shell plating is pre- 
pared when the plate is completed and in position, 
the rivet holes being transferred by template. 
The flanging at the upper part of the margin plate 
is usually done c old, as in the case of flanged floor 
plates. The plate is rigidly secured in a flanging 
machine, as shown in 74, while a roller is forcing 
part of it downwards until it is at right 
angles to the remainder. When the floor 
plates have been secured in position the 
inner bottom may be plated at once, or 
t his may be left until the outside bottom 
is plated. In any case the work is done 74 
by templates similar <0 that of the shell 
plating, which will be described in detail later 
on. As the bottom is practically horizontal, 
and as the edges of the plates are usually straight, 
the work is fairly simple. 

Preparation of Beams. The upper decks 
of ships are usually curved upwards amidships, to 
allow for the drainage of water. The lower decks 
may be flat, but as a rule they also are curved. 
The bending of the beams to acquire this curvature 
is, however, a very simple affair compared with the 
bending of the frames. In the first instance the 
curvature is so small that the beams can always 
be bent cold, and, in the second instance, the cur- 
vature is uniform, so that one mould will serve 
for all the beams of a ship. A beam plan is sup- 
plied by the drawing office, showing the exact posi- 
tion and length of each beam, and the amount of 
plating or planking to bo fitted on it. The work- 
men ate further provided with a beam mould 
as shoxlh, by 75. This is a wood board with one 
edge straight and .. _ __ 

the other cut to ["f - E^J~Jr .EEElM fltl 

the oaHjbt required 

curve of the deck, 75 

which is usually 

supposed to be port of a circle or parabola. The cor- 
rect lines of the frames are indicated on the mould, 
and they show therefore the length of the beams. 
Various rolled sections are adopted for beams 
such as bulb tee, bulb angle, channel bar, bulb 
plate and angles, etc., but the preparation of all of 
them is similar. When a beam bar has been ob- 
tained by the workmen, and its identification marks 
found to agree with those on the plan, it is marked 
for cutting and punching. The length is obtained 
by banding . a flexible batten round the mould 
Mid marking the breadth of the vessel at the 
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particular frame section. Usually only half 
breadths are given, in which case the centre of the 
beam bar is marked, and all distances set of? 
from it. The information with regard to the rivet 
or bolt holes required may be obtained from a plan 
or from a beam list, which is simply a written 
specification giving all the necessary particulars 
for each beam, such as the spacing of the rivets in a 
way of plating and of holt holes for wood deck fas- 
tenings, where there is no plating. The size of beam 
knee, and the number and size of rivets in same 
are also shown. When a beam has been completely 
marked it is cut to its proper length, punched and 
taken to the beam-bending machine. 

Bending of Beams. This is of a very 
simple nature, as indicated in 76. B and 0 

arc two pro- 
jections about 
12 in. high, on 
a strong cast- 
iron table, and 
A is a movable 
ram. The bar 
to be bent or 

straightened, as the case may be, is laid on 
rollers on the table, and passed between A and B 
and (\ while the ram A is made to move forward 
whenever required, and to any degree, thus pressing 
the bar against B and C, and bending it between 
these two points. The fact that B and 0 arc 
adjustable points enables any curvature that can 
be applied cold to be given to a bar. A beam is 
usually first straightened horizontally. The deck 
flange is sighted by a man at the end of the beam, 
and whenever there is a hump towards A, pressure 
is applied unt il it has disappeared. The bar is then 
reversed, and the humps on the other side removed 
in the same manner. When the beam is straight 
in this direction it is laid on its side on the rollers 
and bent until its curvature corresponds with that 
of the beam mould, which is frequently applied 
during the process. 

Preparation of Beam Knees. The 

prepa ration of beam knees may go on con- 
currently with the bending of the beams. There 
are three kinds of these attachments to the frames — 
namely, bent., welded, and bracketed knees. Of 
these, the. last are now the most common. They 
consist simply of bracket plates, as indicated in 77, 

attached by rivets both to the beam 

£ ITH and the frame. The plates for this 

purpose may be ordered from the 
steel works to the neat sjzes, and the 
holes both for the frames and beam 
rivets may be marked from one 
template and punched. The rivet holes in the 
beam end may also be marked from the same tem- 
plate, but it is not wise to punch those in the frame, 
or at least all of them, at this stage of the work. 
These holes are usually left to be drilled when the 
beams and frames are erected and in their proper 
place. The plates for welded knees may also be 
ordered to neat sizes. In this usance, the work of 
making the knee is undertaken™ the smiths. The 
piece of plate is simply welded on to the web of the 
beam, as indicated by 78. When the knee is com- 
pleted, the holes for the frame 

rivet are marked from a template * — 
and punched. The making of bent 
knees is very similar to the opera 
tion of making a welded one. The 


77 


78 


web of the beam is split by sawing fo* some dis- 
tance from the end, and the lower part is bent. A 
small triangular piece of plate is then welded in the 
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V -formed spaco between the two. The knee thus ribbands are likewise fitted to the deck beams to 

produced is, as a rule, rather more satisfactory keep them in their intended positions. At this 

than the previously described one, stage of the work it is very important that 

as tho strength of it does not do- the frames are efficiently prevented by stays from 

pend solely, or even mainly, on tripping aft, as they would tend to do, owing to 

the efficiency of a weld, which their inclined position, until some plates are fitted. 

79 rarely is equal to that of the Stem and Sternpost. Before the ex- 
solid plate. treme end frames can be erected, it is necessary 

Erection of Frames and Beams, that the stern frame and stem should be in 

When the side frames and the deck beams have position. These parts might be erected as soon 

been prepared, or when some of them at legist as the keel is laid, but they are not usually roady 

tire ready, their erection may be begun. The till later. The sternpost is* as a rule, whether it b6 

frames are first placed in position by means of a cast or forged, delivered in the finished state in tho 

simple derrick arrangement, formed by a tall pine yard. At the most, it may be necessary to drill p, 

spar suitably supported by stays, and bearing blocks few rivet holes in it. In ordinary single-screw 

and tackle, whereby the combined frame girder can sten iners the 

be readily hoisted into position, as shown in 80. stern frame is 

When the frame is at t lie required in one piece, as 

height, the floor bracket is bolted shown in 81. and 

to tho vertical angles already it is tho heaviest 

fitted on the margin plate. ' The single pieeo of 

first, few frames erected require material in the 

to be supported at their upper ship. It must be 

end by shores and stays. When of considerable 

a number of them are in position, thickness to uf- 

a couple of ribbands may be ford proper sup- 

attached to them, as shown in port to the pro- 

80. This gives at once a little jk‘11ci* and the 

more rigidity to the system, and rudder. Where there is no propeller — as in sail- 

still more support is obtained mg vessels and in paddle and twin-screw 

when some of the frames on the steamers the sternpost is simpler, as indicated 

opposite side have been placed in position, and a few hy 82, and much lighter, 

beams have been fitted. The deck beams keep the [j The holes for the' rivets attaching a 

long and somewhat flexible frames at their proper '^41 sternpost to the shell plating arc nearly 

distance apart at the top, and the ribbands keep .,n drilled by the makers. In way of 

them at their intended spacing in a fore-and-aft ];.| t| u . (hick bossing for the screw shaft, 

direction. The ribbands are prepared by the J:] mM | where the heel of the post joins 

carpenters, according to the information received the keel bar or plate, the holes may 

from the drawing office or moulding loft. Near k be drilled in the shipyard, when the 

athidships they are straight, square-sectioned pieces -j sternpost has been erected in position 

of timber, with the position of each frame indicated OIl the aftermost keel blocks, and 

on them. Amidships, the distance between the tj securely shored at the sides. The’ after- 

frame marks will he equal to the fore-and-aft frame most frames of the vessel are stepped 

spacing, but nearer the ends of the vessel the dis- ^ on the im .|, of the stem frame above tho 

twice between the marks will be in excess of the propeller space, or screw aperture. The 

fore-and-aft spacing of the frames, owing to the frninc |gl], which is attached by means of a 

ribband being bent to follow the form of the vessel. c j eo}) fi ool . plate to the rudder-post, or, rather, its 

The position the ribbands should occupy is marked continuation, is called the transom, and is usually 

on the frames when they arc on the scrieve board. numbered 0, No. 1 being the frame just in front. ‘ 
Plumbing of Frames. As the keel of The stem [83] is a simple bar of redan- 
a vessel is sloped towards the after end, it gular section, and may be either forged, 

follows that the frames will not be vertical, but east, or rolled. It is delivered straight 

will also be slightly inclined towards the after in the yard if not east, and bent to the 

end. In Greeting the frames, great care must shape on the slabs at the frame set- 

therefore bo taken to see that the plane of a ting furnace, its exact curve being 

pair of them is at right angles to the keel bar or supplied through a mould prepared by 

j>!ate. The vertical inclination is determined by the loftsmen or carpenters. All the 

means of a plumb-line fixed to the centre of the rivet holes may bo drilled by machine 

beam. The point, at which this line should meet the in the yard, or only those in way of 

keel line abaft the position of the frame is easily the bend, the others having been done by the 

determined from tho known declivity of the keel. makers. The foremost frames are stepped on 

By means of the plumb-line it is also ensured that tho stem, and their position is, therefore, carefully 

the centre of the beam is transversely exactly over transferred from the mould to the stem itself, 

tho centre of theTOeel. The plane of the frames The landing edges of the shell plating are now also 

may now be fixed at right angles to the keel line, marked on the stem posts and stem, as on the 

either by lines of equal length being brought from frames ; in fact, these bars may be considered as 

points at equal heights on the frames to a point on the first and last frame respectively, 
the keel line before or abaft the frame, or this may Fairing of Frames- Tho process of fairing 
be achieved by stretching a line across tho vessel has been described [s?e page 5613], when it was 
from frame to frame, and ensuring, by means of a applied to the lines of a vessel with a view tp getting 

large square, that it is at right angles to tho keel a fair representation of the ship on paper. , When 

lino. As tho frames are being erected more ribbands the frames and beams of a vessel have been erected 
are bolted to them, and move shores are fitted to it becomes necessary to fair the entire surface of the 

give proper support to the structure. Shores and actual vessel as represented by the frame and beam 
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lines, as it is otherwise impossible, in spite of the 
greatest care, to ensure the form of the vessel 
being fair. This work is undertaken by the car- 
penters of the yard, and is done by means of the 
ribbands, some of which are shown in 80. Amid- 
ships, where the frames are all of the same forn, the 
fairing process is simple, and consists only in 
sighting the heels of the frames to see that they 
are exactly in line. The cause of an odd one 
being out of lino with the remainder might be a 
slight unevenness on the ribband where the frame 
is bearing against it. At the ends of the vessel 
more ribbands 

may be necessary 3? 

to hold the 
frames in their 
correct positions. 

These timbers 

are curved, as 84 

shown in 84, and 

tapered in thickness where the curvature increases, 
as they would otherwise be too stiff to allow of them 
following the surface of the ship. It is here neces- 
sary to sight the ribbands carefully to ensure that, 
they are bent in fair curves, and the frames are then 
bolted tightly to them, so that the heel of the bar 
bears hard against the inner surface of the ribband. 
Shores are further provided to the ribbands at many 
of the frames to assist in the projier form being 
obtained as well as to support the structure. The 
deck beams are faired by ribbands on the top of 
them, just as the frames were faired. The work 
is, in this instance, rather easier, as the curvature 
is less. 

Fairing of Landing Edges. When the 
frames and beams are fair, the edges of the 
plating may be correctly marked on them. This 
is necessary in order that the men fitting the 
plating may have something to guide them as to 
where exactly each strakc is to end and the next one 
to begin. The plates arc ordered with only a mini- 
mum width of material to spare, and the widths 
of the plates supplied must be arranged so that they 
cover the entire frame, or beam, as the ease may be, 
with the proper allowances for overlaps for edge 
attachments. It is also desirable, from the point of 
view of appearance, that the outside edges, parti- 
cularly of the shell plating, should be fair lines, as 
they form very prominent features in the exterior of 
the vessel. The intended position of edges of the 
outside plating are, as already explained, marked 
on the frames at the time they were on the scriove 
board, but the points thus obtained serve, in the 
first instance, 
only to indi- 
cate the places 
where rivet 
holes are not 
to be punched 
in the shell 
flange of the 
frames. > In 

the second 50 

instance- they serve as approximation points for 
the real edges of the plates which must undergo a 
fairing process before tney can be adopted as correct. 
This process is in yard language termed the sheering 
of the landings. A couple of loftsmen or car- 
penters do this work by means of long battens, 
which are fairly broad so that they may not deflect 
unduly laterally, and also thin in order that they 
may at the same time follow the curvature of the 
vessel, with ’the application of a minimum of force. 
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They are held in position on the frames by means of 
clips no indicated in 85. In addition to the marks 
nicked on the frames the workman is furnished with 
a list of the breadths of all the plates as ordered from 
the steelmakers, because he has to arrange that 
not only all lines of the edges of plates are fair, but 
also that the lines thus determined are compatible 
with the actual size of each of the plates ordered. 
The sheering of the landings usually begins 
at the keel or garboard strakc, where they are 
straight and parallel to the keel line for the greater 
part of the vessel’s length, and the other landings 
are successively dealt with. There are, of course, 
two edges to each landing, but the one worked to in 
the fairing process is the one that would be seen from 
the outside when the vessel is plated. This line 
determined, the other one is easily h'xed in relation 
to the first by the list of widths of overlaps that is 
also supplied to the workman. When one landing 
has thus been marked on one side of the vessel the 
exact marks are transferred to tho other side, where 
no fairing is then required. 

The Fitting of Stringers in Hold. The 
stringers which are usually fitted in tho holds of 
ships are now very small and of a simple character, 
as shown in 86. They consist chiefly of a single 
angle on (he face of the reversed frames, which is 
attached to the shell plating by means of inter- 
costal pla tea and angles. The positions of t lie stringers 
are marked on the reversed frames while on the 
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scriove board, and no more fairing is necessary here 
then can be done by the workmen fitt ing the stringers. 
Tho uppermost of these usually run nearly parallel 
to the deck, while the lower ones arc approximately 
horizontal amidships and turn upwards at the ends 
of the vessel. The main stringer angle is fitted first 
by using long templates of the width of the brood 
flange of the angle. These battens are temporarily 
fixed in the correct position of the angle and the 
rivet holes in the reversed frames, and lugs, if such 
be fitted, are transferred to tho template. 

The rivet holes in the other flange of the angle 
may be marked on the other side of the template, 
which can then also be used for the corresponding 
holes in the intercostal plate. There is no bevel 
given to the angles of hold stringers, as these girders 
are fitted square to the side of the vessel. The barsl 
and plates have very little curvature for the 
greater part of the length of tho vessel, and may be 
bent in place by means of iron bolts drawing them 
up to the frames. At the ends the curvature may 
be greater, and it may be necessary to bend the 
plates and angles somewhat in tho beam-bending 
machine or on the frame-setting slabs to a rough 
mould or merely to the eye judgment of the work- 
man. The intercostal plates are usually fitted in 
long lengths and scored out for the frames as shown 
in 86. The fitting and riveting up of hold stringers 
add considerably to tho rigidity of the structure 
generally before the shell plating is in position. 
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The Early Hand Press and its Modern Equivalent. Single and Double 

Coittinui'd from 
page fifsoo 

Cylinder Machines. The Wharfedale, Miehle, and Perfecter Machines 


By W. S. MURPHY 


'THE invention of letterpress printing was a groat 
achievement, but the early printing press 
was a poor piece of mechanism. In concept ion 
highly ingenious and admirably adapted to ils 
purpose, five press was badly constructed. 

The Early Printing Press. It- was a kind 
of screw press. Two stout beams supported the 
cross-beam, which held the screw firmly bolted 
into the platen or pressing* hoard. A handle was 
fixed through an eye in the lower end of the 
screw. Resting on a strong frame, the type- 
carriage, or coffin, contained a smooth, flat- stone 
to give an even surface to the bottom of the type, 
and loosely hinged on the outer end of the 
carriage sat the tympan and frisket. These last- 
were frames, the former filled in with two ply of 
parchment, the* latter covered with paper. The 
tympan was a double frame, front and back, the 
hack frame being detachable. On these parch- 
ment was stretched, like the head of a drum, 
and between them lay several folds of paper and 
woollen cloth, in modern practice blanket. 
Similarly, stout paper was stretched on the 
friskei. The page to he printed was laid, the 
face of the type upward, on the bed of the 
carriage, and firmly locked in. At the side of the 
pressman stood another workman, who manipu- 
lated a pad on a stone slab, on which a sticky 
ink was spread, and who dabbed ink all over the 
surface of the type. The pressman laid a sheet of 
paper on the inked type, folded down the frisket. 
on the tympan. folded the tympan on the type- 
carriage, and together the two men pushed the 
carriage along to where the page would lie just- 
under the centre of the platen. 

Hand Printing. Then they took hold of the 
handle of the screw and pulled it round, depress- 
ing with considerable force the platen on the 
type-carriage and its contents. The carriage was 
drawn out again, tympan lifted, frisket- flapped up, 
and the sheet- taken ofT— printed. The page left 
a deep impression on the tympan. The pressman 
ran his knife round the edge of the impression on 
the frisket, and cut it out, leaving a hole a little 
larger than the page. He used the mark on the 
tympan sheet differently. Carefully measuring, 
he fixed on the sheet at proper distances tabs, 
or slips, or pins, which held a sheet so that it fell 
evenly, and in correct- position on the page. 
But he had not finished. Observing that 
the impression was not regular, one part 
being deeply impressed and another faintly, he 
pasted thick pieces of paper on the faint parts, 
paper not ro thick on the parts less faint, 
working it all up to a level of impression. Then 
he was ready to take another proof. The frisket 
was folded on the tympan, showing that it was 
designed to protect the sheet from the furniture 
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surrounding the type ; the tympan was folded 
on the type-carriage, and the printing repeated. 

The Modern Hand Press. From the above 
it- will appear that, crude though the early print- 
ing press was, it- embodied every principle of the 
most modern hand press. Frisket and tympan 
in the latter are iron framed and hinged; the 
bed of t he carriage is wrought iron, hard as steel, 
and the type-carriage itself is iron, running on 
smooth, steel rails, driven by a belt ; the platen 
is broad and smooth and heavy ; the screw has 
given place to levers and springs ingeniously 
devised to lighten labour ; but in no particular 
has the principle changed. The modem hand 
press saves time and labour, and enables the 
workman to produce better work. 

About the middle of t lie seventeenth century, 
some very important improvements were made 
by Jansen Blaeu, of Amsterdam, who devised a 
winding belt- by which the type-carriage was 
drawn under the platen, and attached to the screw 
a spring, which, while assisting the pull, drew the 
screw back to its place. Another century and a 
half passed without much improvement on the 
Dutchman's invention, and then, on the thres- 
hold of the nineteenth century, Earl Stanhope 
brought out his iron press, which, besides being 
the first to print a sheet at one impression, 
introduced the lever principle. 

The Columbian Press. In 1812 our 
American cousins sent over an improvement, on 
the Stanhope press, still in use, and aptly named 
the Columbian press. This press is loose and 
heavy in construction, but it is easily worked and 
suited to large formes, posters, and heavy work 
generally. The chief feature of the Columbian 
press is the huge iron slab across t he body of the 
frame, balanced on the shaft of the platen, and 
counterpoised by a heavy weight fixed on a rod 
at the back, and an eagle sitting on a long bar 
on the head of the frame. At rest, this iron 
beam slants upward, and at the upper end 
double elbow joints connect it with the horizontal 
bar fixed in the socket of the handle. When the 
handle is pulled, the beam is brought into a 
horizontal position, resting its weight on the 
platen shaft, and pressing down on the platen. 
Released, the handle flies back, and the beam 
resumes its slanting pose. 

The Albion Press. The Albion press [38], 
invented by Cope, is typical of British engineer- 
ing. Compact, well wrought, and finely finished, 
t his pi css also works on the lever principle, but 
with less weight than the Columbian. From the 
head of the handle an iron bar connects with an 
irregularly-shaped crank of great weight, with 
a finger on its underside that fits into the socket 
of a tumbler, or wedge, set in the head of the 
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short shaft of the platen. The tumbler slants 
when at rest, but when the handle pulls the 
crank, the finger brings the tumbler into a vertical 
position, and presses down the platen. No bolts 
secure the ingenious mechanism ; but, actuated 
by a spring in the head of the press, a long bolt 
comes down, and holds the crank and tumbler 
firmly yet freely together by mere pressure. 

In newspaper offices the hand press has little 
to do, except giving off proofs of process blocks 
and odd pieces. In book establishments the 
position of the hand press is curious. On the 
one hand, it is used only for proof work ; but, 
on the other hand, in the plate and engraving 
department, as we shall see, the oldest form of 
press is tho honoured tool of the artist. 

Rollers. Rollers are the tools with which 
the printer distributes the ink over the type, 
and are therefore indispensable. The body of 
the roller is a composition, generally treacle and 
glue, moulded on a core. Hand rollers are cast 
on a. hollow core, brass tipped at each end, to 
hold the iron rod that links into the ends of the 
bent bar in which the handle is wd. Rollers 
may be of any size needed for the work, 2 in. or 
b in. in diameter, ti in. or 0 ft. long. Machine 
rollers are east solid on an iron core, the ends of 
which are spindles, for taking on driving gear, 
and sitting in the forks on the side frames of the 
machine. The soft, elastic, smooth, and slightly 
adhesive material of which they arc composed 
makes the rollers draw out the thick ink to 
thinness, and softly treat the type. 

InK and InK=tables. Printing ink is 
practically thick paint, with the addition of a 
slilfcning varnish. The object of inking is to 
cover the type with the thinnest of thin coats of 
pigment.; it should therefore be worked to 
complete smoothness before the roller is allowed 
to touch the type. 

The best and most durable ink-table for the 
hand press is zinc-covered on the top 1 39J. The ink 
is spread at the back of the table, and from this 
stock the workman takes additional supplies, as 
required, mixing 
it well to smooth- 
ness before again 
using the roller. 

The tables of the 
various machines 
are described in 
connection with 
the machines 
themselves. 

Simple as these 
facts appear, 
some experience 
is needed for the 
proper use and 
care of rollers. 

Cleanliness 
here, as in most things, is a prime virtue. 

Cylinder Machines. After many ex- 
periments, “ The Times ” was printed in 1814 on 
** cylinder machine, steam-driven, invented by a 
German named Koenig, and before the middle of 
the century several good machines had been pro- 
duced ; at its close the printing trade possessed a 
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wealth of mechanical appliance greater than tho 
wildest hope could have imagined. Printing 
machinery is the finest product of the engineer ; 
for accuracy of adjustment, rapidity of move- 
ment, directness of action, and harmony of 
parts, the machines are unrivalled in the world 
of mechanics. 

The Four Classes of Machines. Printing 
machines belong to four classes — the platen, the 
single cylinder, the double cylinder, and the r< >t ary. 

Platen machines belong to the jobbing depart- 
ment, and fall to be treated under that ‘head; 
rotary machines occupy a class by themselves; 
they are the machines of the newspaper, 
periodical, magazine, or popu'ar hook factory, 
and require a separate chapter. We will hero 
deal with the single and double cylinder machines. 

TheWharfe- 
dale. To select 
one machine from 
a class so numer- 
ous seems in- 
vidious ; but no 
book of reason- 
able dimensions 
could contain 
detailed descrip- 
tion of even half 
the machine's on 
the marked. We, 
on that account, 
restrict ourselves 
to a single, repre- 
sentative of its 
type, the Wliarfe- 
dule. 

This machine 
mainly consists 
of a cylinder 
mounted upon parallel side frames, firmly bolted 
together by cross-bars, and a flat type-carriage, 
or coffin, with inking-table attached; the sheet 
feeding board at one end, and the taking oil board 
at the other, cover in the mechanism, all but 
the cylinder, like two lids. The cylinder is a 
large hollow roller, having an aperture 5 in. 
broad along its whole length. Held on the top 
of the side frames by gun-metal brackets and 
tarings, the cylinder has no motion of its own. 
Within tin* body of the cylinder, at each side, 
a ring of teeth is deeply cut, and these correspond 
to the rows of teeth on both sides of the coffin. 
We shall see them act together presently. 

Mechanism of the Single«cylinder 
Machine. The centre of the motion of the 
machine is (he coffin, or type-carriage. From tho 
main driving-shaft a strong steel connecting-rod 
propels tin* set of toothed wheels that impart to 
the type-carriage it.s reciprocating motion. Travel- 
ling forward under the cylinder and back again 
with unfailing regularity, the type-carriage is a 
flat slab of steel, resting on rails, with small 
rollers beneath its centre to facilitate its motions. 
Behind, and of a piece with it, is the inking-table, 
with ink-duct containing the ink supply and 
two mixing rollers lying across it and set in 
forks fixed in the side frames. The ink supply 
is regulated by a ratchet- gearing at the side, 
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and as it oozes out the mixing rollers distribute 
it smoothly over the table. Further along- in a 
position where they come in contact with both 
type-carriage and ink-table as they move to and 
fro, lie three other rollers, which transfer the 
ink from the table to the type. Before starting 
the machine, the feeding and Hying apparatus 
must be observed. Along a bar fixed in the open- 
ing of the cylinder a series of brass lingers, called 
grippers, are lived. A spring inside* the cylinder 
holds the grippe? s tight, and by a short arm 
acting on a solid pulley at the side, they are opened. 
On the* other side of the cylinder a curious 
combination of lat‘ice tapes and forks sits amos-i 
the machine. This consists of two wooden 
rollers, set about a yard apart, and between them 
t he tapes are si retched. The one roller si Is above 
I lie cylinder, and is equipped with grippeis so 
geared that they come into the opening of the 
cylinder at the proper moment and lake away 
tie printed sheet. The 1 apes ben i it off and give 


The “ Miehle ” Two * revolution 
Press. Among the latest improvements in 
printing machinery is the introduction of the 
‘‘two-revolution ” action, of which the “Miehle *' 
[40 1 is considered to he the best embodiment. 
Like the Wharfedale. it, prints on one side only, 
hut operates more swiftly and accurately. 
Similarly, though the feed-sheet and Hying 
arrangements are improved, they do not dilfet 
in principle* from those already described. A 
printer w holms learned towork the oldermaohines 
would have, no dil!i« ulty with the “ Miehle ” ; in 
fact, he would find his work easier, after lie laid 
gut into the way of the newer machine. One 
feature of the “Miehle” is worthy of special 
notice. Though only a single-cylinder machine, 
it has been successfully used to print two colour 
and three-colour illustrations. Two, or in the 
hitler ease three, machines are placed in tandem, 
and connected with the same drive. Tlu* sheet 
passes through the machines in continuous sue- 
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it to the I Iyer -a set of wooden lathes tilted on to 
a stout bar that derives its Hying motion by 
means of a cam from the main shaft. 

Starting the Machine. The driving- 
belt is put in position, the main shaft begins to 
turn, the carriage bearing the forme moves to 
and fro, the inking-tahle with it, and the fecdei* 
takes his sheet from the hoard. With one hand 
he touches a lever that brings the cylinder into 
gear, and with tin* other s-nds the sheet against 
the grippers. The type-carriage has come for- 
ward and the toothed racks on each side pull 
the cylinder round with the sheet in its hold. 
Type and cylinder close, and the sheet is printed. 
As the Nheet comes up again it is giapped by 
tilt* taking- ntT apparatus, borne along the tapes 
to tlu* livers, which Hop it face, downwards on 
the hoard. And all the time the* rollers have 
been mixing the ink and inking tlu* type as 
table and type-c'u viaire moved to and tm. 
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cession, and they are so exactly a like' in every 
particular that an illustration as perfect as 
though printed on a single machine is produced. 

Double*cylinder Machines. In the 
\ ear ISIS, a firm of machinists, Messrs. Apple- 
garth & Cowper, produced a double cylinder 
machine, designed for print iiig books. Our 
interest in this machine is m on? than historical ; 
it is practical ; for in many of the best 
hook-printing establishments slightly improved 
“ Applegarths" are still used. The huge frame- 
work. In ft. long by 5 ft. broad, holds within it 
two large 1 hollow cylinders, 9 ft. in circumference. 
2 ft. apart, and revolving towards each other. 
JMween the cylinders hang two wooden drums, 
running in opposite directions. Very conspicuous 
are the endless tapes winding round the two 
cylinders, two sets coming from opposite direc- 
tions, and crossing each other stretched on tape 
bars, going together round tlv* first cylinder. 
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parting in the middle, the one to go over the 
fc.itro drum, the other passing round a tape-bar 
low down, and meeting again on the second 
cylinder. No sheet could be expected to run true 
on cylinders so wide, and those tapes are designed 
<o hold the sheet straight, and they part in the 
middle to let the sheet free after it has boon 
printed. The two middle drums have also an 
important function to perform. When the sheet 
has been printed on tin* first cylinder, it must be 
reversed to print on the second. The two drums 
turn the sheet and deliver it to the second cylin- 
der with the printed side uppermost. To drive 
those huge cylinders on the tooth and pinion 
principle of the Wharfedale would involve an 
enormous strain on the type-carriage ; therefore, 
they are driven direct from the main shaft in the 
ordinary way. Otherwise this machine issimihir to 
the Wharfedale, and. working under ordinary con- 
d.tions, runs at the rate of 700 copies an hour. 


it appeared to the inventors, Messrs. Donkin & 
Bacon, that greater speed could be obtained 
by another method. This was done by mounting 
the carriage on an ingenious combination of vaok 
and pinion wheel. This pinion wheel, fixed on an 
upright shaft, reels the type-carriage forward 
under Hit* cylinder, and then by an arrangement, 
of moving bars, the rack is pulled round to the 
other side of the pinion wheel, which sends it 
and the carriage in the opposite direction. 

The sheet is fed into the grippers of the first 
cylinder, and is held by the tapes while the cylin- 
der revolves on the incoming type-carriage, 
(iuided by the hands, the sheet printed on one 
side travels through the reversing drums, which 
turn it over, and present it properly to tic 
second cylinder. After passing through, t lie sheet- 
drops down, printed on both sides. If the tvpe 
has been correct ly laid, every two consecutive 
pages, odd number and even, will lit* exactly 
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The Perfecter Machine. There are be- 
tween ‘20 and 80 different machines of the perfecter 
tvpe at present in iis*\ Some are only combina- 
tions of the Applegarth and Wharfedale machines, 
with minor variations : many, indeed, are double 
Wharfcualew, labelled with fancy names, and 
nothing more. To avoid needless repetition, and 
Jidd to the knowledge of the reader, we select 
the machine generally known in the trade as the 
p(rfcrtn' [41j, and possessing special features. Tn 
its “upper works” this machine resembles 
the machine described above, excepting that it is 
haver set and easier to got at. The prime charac- 
teristic of this machine is the arrangement by 
which a swift reciprocating motion is imparted 
to the two type -car ring's. With the impetus 
of such a heavy body to control, the Wharfedale 
arrangement might have seemed the safer ; hut 
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on the hack of each other, or. in technical phrase, 
tin* pages are in perfect nyi.ster. 

The Marinoni. The Marinoni machine 
differs in several important details from the 
ordinary perfecter. The cylirnl rs are set close 
together, intermediate drums being dispensed 
with, and work in gear on two pairs of upright 
movable frames which alternately lift them up 
and down. By a. rocking motion, automatically 
regulated, the cylinders dip down on the in- 
coming formes, and lift to let them pass hack. 
Unlike most other double evlind'T machines, 
the Marinoni lias not two separate type -carriages ; 
the two are simply divided by a bar This en- 
tails sonic modifications of the ordinary perfecter 
mechanism. The Marinoni is a very complex 
structure, but when kept in working ordei it 
produces tine printing at high speed. 
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TYPES OF STEAM ENGINES 

3 

Principles, and Construction of Beam, Vertical, Simple, 

Compound, and High-speed Self-lubricating Engines 

Cout tailed from pago IW4S 


By JOSEPH G. HORNER 


'"THOUGH engines vary <o an almost infinite 

* extent in their details, the very broad types 
admit of classification. 

Beam Engines* These are the oldest forms, 
the direct descendants of the first mino pumping 
engines. They are still made, but in small numbers, 
though with all modern improvements embodied, 
and still chiefly for pumping stations. There is no 
objection to the engine as such. It is a useful and 
durable type, and can he built to yield as high 
efficiency as any modern engine. But the fact that 
engines of other type's of equal power occupy less 
sp ioo has led to a lessening demand for it. Curiously, 
it is retained on AmeVican river paddle steamers, 
and was for long used on ocean service in a modified 
form — that of the aide lever engines. In these, 
instead of a single beam situated overhead, 
two beams were located low down at about 
the level of the base of the cylinder, an 
arrangement made in order to get the entire 
engine beneath tho deck. Connection be- 
tween one end of the beam and the piston 
rod and its crosshead was effected by side 
sods, one on each side of the cylinder. To 
the oilier end of the beams the connecting 
rod was attached by the medium 
of a crossbar; and the crank 
connected end of the rod— in 
this case, the upper end— rotated 
the paddle-wheel shaft. 

A common beam engine of 
modern type possesses the 
following elements. The cylin- 
der, with its axis set vertically, 
and driving to one end of tile 
beam, pivoted thereto with a 
parallel motion. The beam is of 
cast or wrought iron, with large 
trunnions rocking in hearings 
carried on an entablature on 
pillars. The connecting rod, 
pivoted to the other end of the 
beam, turns tho crank and fly- 
wheel. Tho cylinder is jacketed 
with steam, and lagged , or clouded, with wood or 
sheet metal, enclosing felt or some other non-con- 
ducting material. The beam is utilised as a means 
of attachment for various dependent pump rods. 
Tho air pump for pumping hot water and air out 
of the condenser into the hot well is actuated by 
its own rod. The pump is in direct communica- 
tion with the condenser, which receives the exhaust 
steam from the cylinder. The condenser is set in 
ft large tank of cold water, co supply which is tho 
function of the cold-miter pump y also operated from 
the beam. The feed pump takes water from the hot 
well, and delivers it to the boiler. 

Vertical Engines other than Beam 
Engines. For nearly a century there was pre- 
judice against the use of any engines in which the 
axis of the cylinder was not vertical. It was 
believed that the cylinders and pistons of horizontal 
engines suffered more wear at tho bottom than at 
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the top, and that friction was more severe in these. 
This partly explains tho long persistence of tho 
vertical typo. But there are other reasons why the 
latter is used very extensively at the present period. 
First, it is compact, and occupies less ground area 
than a horizontal engine of equal power. Secondly, 
it is more convenient for some classes of driving, 
notably central station work. In others, it is practi- 
cally the only design possible, as in t he modern marine 
screw engines. Hence, vertical engines occur in a 
range of dimensions which include alike the smallest 
and the largest sizes of engines manufactured, or 
from 2 -horse power to several thousands of horse 
power, and in non-condensing and condensing types. 

General Arrangements. An engine of 
vertical type almost invariably has its cylinder or 
cylinders in the highest positions, and its 
crank shaft in the lowest. There is a 
type, now nearly obsolete, in which the 
cylinder was carried on a table, and the 
crank shaft was overhead, hence termed a 
table engine. It was unsteady. Tho advan- 
tage of having the cylinders uppermost is 
that the weight of the rotating crank and 
flywheel is kept low down, and the centre 
of gravity of the engine is 
lowered, and the tendency to 
vibral ion lessened. Moreover, the 
engines are generally designed 
so as to inass much dead weight 
about the base. The uprights, 
or standards, are spread out 
widely, giving a large area of 
base, and box sections are 
adopted for the standards, so 
that tho engines run steadily. 
The up and down reactions, due 
to the movements of the piston, 
are minimised by bolting the 
framing down to secure founda- 
tions. 

Tho framings of vertical 
engines may be cast solidly, or 
built up in two or more parts. 
A common and neat design, suitable for the 
smaller types, is that in which the entire standard 
is a solid easting [19], made partly or wholly by 
coring out, including in it the crosshead guides, 
and in many cases the crank shaft bearings and 
foot. In some designs the cylinder is also cast in 
one with it, and a jacket cast around the cylinder ; 
but the risks of a large waster casting in the 
foundry are then increased. 

Another common design for both little and big 
engines is that of two standards bolted on a base 
plate, the cylinder being bolted to the tops of the 
two standards. Below the guides the legs spread 
out for stability, and to clear the sweep of the 
crank. The crank shaft bearings are cast or bolted 
to the base plate, and the central portion is recessed 
to dear the crank and connecting rod end. 

In another design, a single standard is used. bolted 
on, or cast in one with a base [20]. The oylinder is 
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bolted above, or sometimes to a vertical face o! 
the standard, and the crank shaft bearings are on 
the standard, or more commonly on the base. The 
cylinder fitted thus overhangs, which may be the 
cause of unsteady movements. Hence, in most 
engines of this kind, additional support is given in 
the form of a strut between an extension of the top 
of the standard and the base, seen in the front of the 
illustration. 

There are no engines larger than those which 
propel the great ocean liners with the combined 
power of from 20,000 to 30,000-horso power or more. 
These are all now of the top, or inverted cylinder 
type, with standards built on the double model 
attached to a base or bedplate. These are all of 
compound types, often including six cylinders with 
their fittings, to a single set of engines, to which 
another notice will be given in a later section. 

There is another great group of vertical engines, 
which form a class by themselves, though 
subject to much variation in their details. 

They are termed high speed or, more properly, 
high rotative engines, and they owe their 
development to the demands of electric 
- lighting and power stations, in which the 
practice of coupling the engines directly to the 
dynamo which they drive has displaced the 
older belt connection. The demands for a 
high rotative speed, with a possible variation 
of not more than 1 per cent, or 2 per cent, 
from normal speed, maintained for months 
continuously, has been the 
cause for the development of 
some marvellous engines that 
fulfil these conditions perfectly. 

Vertical Compound 
Engines. A favourite type 
of engine is that shown 
by the illustration [21], 
one made by Ransomes, 

Sims, & Jefferies, Ltd., 
a single engine built on 
precisely the same model 
as 20. Engines of this 
general build — inverted 
cylinder type — are large- 
ly used for ship lighting 
purposes. The main 
framings, as already 
briefly noted, are often 
modified. The follow- 
ing are the leading 
features to be notioed in this design. 

The engine bed plate A, which is in one hollow 
casting, carries the whole of the engine quite inde- 
pendently of the bed below it, which receives the 
dynamo, and on which the self-contained engine is 
bolted. The half section to the loft at a [21] shows 
the crank pit in seotion, in which the cranks and their 
counterbalance weights dip. The style of standard 
B, similar to that in 20, has the advantage of leaving 
the whole of the front of the engine open to inspec- 
tion, What it laoks in front support is provided by 
the diagonal steel pillars CC [21], set in the piano 
of the axis of the cylinders. The guides are neces- 
sarily fiat faees only, and the strips bb confine 
the orossheads D. The oonnecting rod top end 
brasses have provision for taking up wear by 
means of the wedge-shaped cottar bolt c. E and 

are respectively the High and low-pressure 
cylinders, and their valves are shown in seotion 
at G and H, J is the throttle valve through 
which the steam supply passes to the high-pressure 
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We now meet for the first time with piston- 
valves, G and H. The reason why these are used in 
preference to the D slide-valves of 5 [page 5658] 
is that they work in equilibrium, and so avoid the 
severe friction of the slide-valves when steam of high 
pressure is used. The steam presses equally around 
the piston-valve, and the only friction is that due 
to the close contact of the valve in its liner. The 
valves and seats in good practice are turned, bored, 
and ground. Metallic spring rings are used in order to 
maintain the valves steamtight as they wear. But 
in consequence of the large circumferences in contact, 
the wear of such valves is very minute in amount, 
and they often run for several years without re- 
quiring renewal of the rings. 

Looking at the valves G and H, the annular 
portions at each end, which contain the rings, %pon 
and close the ports. The ports arc of annular form, 
surrounding the valve faces, except for the division 
bars, so that steam enters all round at 
once, and thence enters the passages. 
The exhaust port is also annular, with 
bars, to prevent the spring rings from 
opening out into the ports as they 
slide over them. The amount of ex- 
pansion is fixed in the type of valve 
gear illustrated. The eccentrics are 
seen at K, and the eccentric rods LL lie 
outside the axis of the valve spind'es. 
This is necessary in order to give 
room laterally for the cranks and the 
crank shaft bearings. The valve-rods, 
therefore, are maintained truly in line 
by the guide. The throttle-valve is 
controlled by the shaft governor M, 
of the centrifugal type, acting upon 
tho throttle- valve J by 
means of the lever N. 
The speed can be regu 
lated by a hand wheel. 
Provision for lubrication 
will be noted. O is one of 
the two central oil-boxes 
whence brass pipes, not 
shown, pass to the mov- 
ing parts below. Various 
oil-cups in connecti >n 
with these pipes will be 
seen in the views. The 
great depth of tho 
pistons conduces to 
durability. 

High-speed Self-lubricating Engines. 

These engines [22 and 23] are the outcome of the 
demands of electric lighting. The earlier practice 
was to drive the dynamos with belting from 
separate engines. This ocoupied much floor area, 
and was not sufficiently steady. The present 
practice is to couple the dynamo directly to the 
crank shaft of its engine, which is a compact 
arrangement. But this requires that the engines 
shall run at the same speed as that at which the 
dynamo must run, since there can be no speeding up 
as by belting ; hence the term high-speed engines. 
The high speeds of torpedo boats have also been a 
potent cause in the growth of these engines. 

The term “high speed” does not, however, 
imply an unusually high piston speed, for many mill 
engines of long stroke nave a higher speed of piston 
stroke. The term relates to the rotational speed, for, 
while the stroke is short, the speed of rotation 
ranges from about 250 to 660 revolutions per 
minute, according to the power of the engine; 
hence the term high revolution is more appropriate, 
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Now, four to ten revolutions per second of heavy 
cranks, and twice that number of reciprocations of 
heavy pistons, crosshoadn, and connecting-rods, to 
be accomplished noiselessly, and to run thus, say, 
for a twelvemonth absolutely without attention or 


A, takes the oil, and distributes it through an elab- 
orate system of oil channels, several of which, a a a, 
can be traced on the drawings, distributing it to the 
various bearings at pressures which may raige 
from 10 lb. to 20 lb. per square inch. The waste 
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speeds shall not vary more than, say, 3 per 
cent, from the usual rate of running when working 
between the full load of a central station and no 
load at all, the conditions are extremely stringent. 
Yet these engines are guaranteed to accomplish all 
this, and do so, year in, year out, at numerous 
electric lighting and power stations. 

The Beiliss Engine. The best known of 
these pioneer types .are the Beiliss (shown), and 
the Willnns, to be illustrated Inter. The compound 
engines 1 22) are completely enclosed (compare with 
23), the only moving parts visible being the flywheel 
and the lower part of the piston, and valve rods. The 
base, or the crank-pit, is made to form a receptacle 
for the oil used in lubrication. This is indicated 
by the shading in the drawing. A valveless pump, 


oil drains back into the tank, to bo used over and 
over again. This device, now grown familiar, whs 
originated by Messrs. Beiliss & Morcom in 1890. 
It has been proved that a compound engine of 
150-horse power does not require a supply of more 
thun 4 gallons of oil in a period of 3,188 working 
hours, being at the rate ot t i<jdh of a pint per hour. 
Nor is economy and automatic running the only 
advantage. The regular and full supply taking 
place under pressure, forces a film of oil between 
the bearings, and so prevents knocking, noise 
and wear. Over and over again engines that 
have been running for four or five years have been 
overhauled, only to find that the amount of wear 
has been so small that it could only bo measured 
in such figures as from I0 * 01 y in. in several cases 






to rrfta or tAv hi. The oil does not become 
contaminated with dust, because the parts are 
enclosed. Neither can any of it splash outside. 

Governing. The governing of these engines, 
by which extreme variations in load applied 
produce only from 2 per cent, to 3 per cent, 
difference in the number of revolutions of the 
engine is a feature of much value. The governor, 
shown at B, is of the shaft type — that is, it is fixed 
on the crank shaft instead of being driven from 
the shaft by belt, chain, or gears. Shaft governors 
are practicable only when the rotational speeds of 
engines are high, otherwise governors must be 
driven by belt or gears to give them an increased 
rate of speed over that of the engine. The governor 
is also of the centrifugal type, as distinguished from 
those which are based on the cone. The centri- 
fugal action of the balls is resisted by the tension 
springs attached to them. In addition there is an 
adjusting spring by means of which the number of 
revolutions can, when desirable, be varied by 
turning a hand wheel while the engine is running 
This spring is not shown on the draw 
ings, nor tne connection to the rod b of 
the throttle- valve C, by which the supply 
of steam to the high-pressure steam chest 
is governed. This valve, C, is 
of the equilibrium, or double- 
faced type, which wo shall 
meet with in other 
forms. It has the 
merit of opening and 
closing with a mini- 4 

mum expenditure of 
power and frictional 

resistance, due to the \ 

fact that the power . X 

required is only that 
corresponding with 

the difference of area 23. BELLIS 00 iv 

opened by the two 

faces. The results given by these governors are excel- 
lent, and these engines are therefore highly suitable 
for electric tramways and railways as well as for 
electric lighting. Six sets of these engines supplied to 
the Waterloo and City Electric Railway in 1898 were 
required to be more sensitive even than is usually 
required. The load in the tube varies sometimes 
from the maximum to nothing within a few seconds. 

A specially sensitive governor was therefore fitted 
to these engines, and a flywheel heavier than usual. 
With a load that varied from 50 amperes to 330 
amperes, the variation in speed, including the 
momentary variation, was only three and a half 
revolutions, or from 380J revolutions to 384 revo- 
lutions. This was less than one-half of 1 per cent, 
from the speed corresponding with the average load. 

Steam Passages. The arrangements of the 
steam passages can be traced out clearly in the 
drawings [22j. Steam passing through the throttle 
valve C enters the steam inlet passages D and E. 
The valve F, operated by an eccentric from the 
crank shaft, is open to lead, admitting steam from E 
into the passage G of the high pressure cylinder, 
so pushing the piston H downwards. The steam 
below H is now exhausting through the passage J, 
and goes through the slide valve into the passage 
past the edge of the valve 0. 0, being on the 
same stem as the valve F, partakes of its motion, 
and, moving upwards, admits full steam at tho 
bottom of the low pressure piston L, pushing it 
npwards. Steam now exhausting from above tho 
piston, enters the passage M and the exhaust 
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passage N, and so out through the pipe, the flange 
of which is seen dotted behind it. Thus the stoaru 
enters alternately the top and bottom of the high 
and low pressure pistons, which is the reason why 
the passages are long and short respectively. The 
cylindrical valves F and 0 aro designed for a fixed 
rate of expansion, but automatic variable expansion 
is provided for in some cases. 

There aro a number of interesting details 
about these engines which can only bo men- 
tioned. They include the counterbalance weights 
to the crank shaft which conduce to steadiness 
of running, holes in the periphery of tho flywheel 
to bar it round with to start the engine, a 
solid disc to the flywheel to reduce air friction, 
drain cocks to each of the cylinders, the spring 
rings of the piston, the sheet steel lagging to the 
cylinders, the fitting 
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ot tne glands, tne 
design of the main 
bearings and of the 
crosshead. The en- 
gine illustrated is of 
10 in. stroke, tho 
high-pressure cylin- 
der of 15£ in. bore, 
the low-pressure of 
24 in. Tho steam 
pressure used is from 
140 lb. to 150 lb. tier 
square inch. In addi- 
tion to the compound 
type as illustrated, 
self lubricating en- 
gines are also made 
^ ... in other varieties, as 

H ^ Bingle-erank simple, 

single-crank tandem 
compound, three- 
•OUND ENGINE crank simple, three- 

crank compound, 
and three-crank triple expansion. 

Lubrication. Tho method of lubricating this 
class of engine is one that has much interest for 
engineers. The same principle is largely adopted in 
machine tools of automatic and semi-automatic 
types. Oil is forced by a pump, generally of centri- 
fugal type, through piping to the localities where it 
is required. It is used over and over again, being 
filtered for the purpose. Cutting tools and work are 
thus kept cool, and tho production increased. When, 
as in these engines, oil is forced between bearing 
surfaces, wear is impossible, simply because the 
surfaces never come into actual contact. It does 
not matter how thin the film of oil is ; it may be 
only r <v(Wrt part of an inch, but it suffices to separate 
metal from metal. Moreover, a light, thin, cheap 
oil can be used, which could not be employed if the 
oil were fed by gravity alone. A thin oil would run 
away too quickly, and hence a thick oil, with more 
body, and more expensive, would have to be used. 
Also, with automatic lubrication, one man can look 
after several sots of these engines. The oil is filtered 
through a strainer in the bottom of the crankpit, 
and is drawn off at intervals through the drain cock 
in the bedplate seen near the ladder. A little water 
becomes intermixed with it from the cylinders, for 
a feature of these engines is that any condensed water 
in the cylinders must drain downwards. The doors 
can be removed for the inspection of the engine with- 
out any oil splashing out, because the cranks do not 
dip under the oil at all. In engines where the cranks 
splash up the oil, this is sometimes inconvenient. 
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ELECTRO-CHEMISTRY 

Broadly speaking, the term e'cciro-cheniisry 
covers every branch of knowledge and of applied 
science or art in which electricity and chemistry 
together constitute the most prominent features, 
but it is our purpose, in this course, to treat of 
those principles which have been actually made 
use of in the manufacturing world, and also 
to describe some of the processes themselves 
as they are actually in practice in the present 
day. Over J,300 years ago Zosimus recorded the 
fact that iron immersed in a solution containing 
copjier acquired a coating of the latter metal, and 
as late as 1090 a learned professor of chemistry in 
lielrnstadt believed that iron could be changed into 
copper in this way. In about the year 1799, Volta 
gave the world his voltaic battery, which enabled 
Wollaston and Cruikshank to discover that by 
means of a voltaic current of electricity metallic 
copper could be deposited on to any metal. 

Electricity in Chemistry. These men 
further showed that what was supposed at first 
to be a transmutation of iron into copper was 
in reality only part of the iron changing places 
with the copper in the liquid, so that, whereas some 
of the iron dissolved in the liquid, a corresponding 
amount of copper was deposited on to the surface of 
the iron, in metallic form, and what at first appeared 
to be a transmutation from iron into copper was really 
an interchange of metals by a self-contained electro- 
chemical process. In 1831, Faraday found how to 
produce electric currents by mechanical means, 
and he also did much vital work in connection with 
the laws of electro-chemistry. From this time 
onward the, science developed rapidly; voltaic 
batteries were improved, electroplating was devel- 
oped, electrotyping became an art, and at last the 
rctining and extraction of metals was brought 
about successfully by the aid of the electric current. 
It is much to be regretted, however, that the 
mysterious agencies of electricity and electrolysis 
have been exploited only too often by clever 
quacksalvers, and have been credited with super- 
natural healing powers in every form of disease. 
The credulous public would do well to look more 
to the enlightened members of the medical profession 
than they have hitherto done, and it is to be hoped 
that, as electricity becomes more fully understood, 
they will be better able to distinguish between 
what is rational and useful and wnut is wicked 
and useless in this direction. 

The General Principles of Electrolysis, 
To the general public electro-chemistry is an un- 
explored region, with names and terms entirely 
foreign. But to elucidate clearly the processes with 
which we are going to deal it is absolutely essential 
that a clear understanding of the most vital depart- 
ment of electro-chemistry — namely, electrolysis — be 
first obtained, and the student should first master the 
few technical terms here explained before attempt- 
ing to go further. 

We nave elsewhere, in the course on Chemistry, 
received some idea of how compounds such as a 
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salt of copper or zinc are built up of elements com- 
bined in definite proportions, and we have further 
learnt that these salts arc many of them capable of 
dissolving in water, to form a solution. Wc 
have also, when studying electricity and electrical 
measurements, learnt many of the properties 
of electricity — how it is generated by a dynamo, or 
a battery, and, moreover, how it flows along metallic, 
conductors, and how its rate of flow can be measured 
in amperes , and its pressure or “ electromotive 
force ” can be measured in volts , and its quantity 
in coulombs , and the resistance which a conducting 
body presents to its passage can be measured in 
ohms. We have seen that electricity can flow 
through a metal like copper or silver without 
changing its character ; but now we come to a differ- 
ent class of conductors — namely, complicated salts 
of metals dissolved in water. Such liquids are con- 
ductors of electricity, and often good conductors 
too, but they differ essentially from metals in that 
electricity in passing through them decomposes 
them or splits them up 
into their original con - 
stiluents in exact pro- 
portion to the amount 
of electricity passed. 

No action takes place 
in the body of the 
liquid, but only at the 
points or surfaces at 
which the electric cur- 
rent enters and hares 
the liquid. The ac- 
companying diagram 
clearly shows all the 
essential features of 
an apparatus which is 
made to bring about 
this process called 
electrolysis flj. First 
wo have a liquid, or electrolyte , consisting, for in- 
stance, of copper sulphate in water ; this is contained 
in an electrolytic tank, made of glass, earthenware, 
or other material. The electric current is first con- 
ducted by wires to the anode , through which it 
enters the electrolyte, passes to the cathode , and out 
again by a wire back to the generator. The other 
details depicted will become clearer presently. We 
would repeat that the deposition of metals and gases 
takes place only on the surface of the cathode and anode 
respectively, which together are called electrodes , a 
fact which must be carefully borne in mind. 

Electrolytic Reactions, With the diagram 
constantly before us, let us imagine that the tank 
is of glass, the electrolyte a solution of copper 
chloride in dilute hydrochloric acid, and the elec- 
trodes sheets of platinum. Then imagine that a cur- 
rent of electricity is passing in the direction of the 
arrows, and let us see what takes place. Copper 
chloride (cuprous chloride) is a salt built up of the 
metal copper and the gas chlorine in the proportion of 
63 parts of copper to 35 parts of chlorine (by weight). 
Now, as the current travels it carries with it to the 
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surface of the cathode some of the copper atoms, 
which become attached to the cat bode and form 
a deposit or coating of copper upon the surface of 
the platinum, which thus becomes “ electroplated ” 
with copper. We might continue this process by 
parsing a definite quantity of electricity through 
until, say, 03 oz. of copper had been thus deposited. 
Now think of the 35 oz. of chlorine with which the 
63 oz. of copper were originally combined — what has 
become of them ? Chlorine is a non-metal , and non- 
metals, instead of travelling with the electric current, 
travel in the reverse direction — namely, against it, 
so the chlorine has been taken to the surface, of the 
anode. As, however, chlorine is a gas when in a 
free state, it cannot deposit upon the anode as does 
the copper upon the cathode, but it forms there a 
cloud of small bubbles, which rise up to the surface 
of the liquid and escape into the air. Metals, like 
copper, are therefore said to be deposited upon the 
cathode, and non-metals, like chlorine, to he 
evolved from the anode. There is only one metal 
which is a gas when free?, and that is hydrogen , 
which, although it goes to the cathode like other 
metals, is evolved as a gas there and escapes. 
Acids, like hydrochloric acid, are really salts of the 
metal hydrogen, and when clcotrolysod evolve the 
gaseous hydrogen at the cathode. 

Once more look at our diagram [1] and imagine 
the electrolyte to be a solution of sulphate of copper , 
and the electrodes sheets of metallic copper. Again 
pass the electric current as before. Copper is plated 
on to the copper cathode, and simply makes it grow 
thicker, but at the anode the non-metals sulphur 
and oxygen, which went to build up the copper 
sulphate, are deposited, and these are together 
liberated. If the anode were of platinum they would 
escape, but as it is now of copper they are able to 
attack or eat it away, re-forming sulphate of copper 
again, and keeping up the supply of copper in the 
bath. The copper anode is thus eaten at exactly 
the same rate as the copper cathode grows thicker, 
and the process might be continued until the whole 
of the copper anode had been transferred to the 
cathode. 

These effects are called -electrolytic reactions; those 
in which the deposited substance is actually liber- 
ated and separated are called primary reactions , and 
those in which it recombines with the liquid aro 
called secondary reactions . Instances of both will bo 
given later on, both in commercial use. 

Electrochemical and Electro-thermic 
Reactions. We have now gained an insight 
into what is known as the electrolysis of solutions , 
but there is another way of rendering a dry crystalline 
non-conducting salt capable of taking the form of a 
liquid and undergoing electrolysis. Common table 
salt is a substance built up of a metal called sodium 
and the gas chlorine. It may be dissolved in water 
and electrolysed like copper ohloride, although with 
a somewhat different result, as will be seen later. 
But if it be placed in a fireclay crucible and raised to 
a red heat it melts to a clear liquid, which looks 
like red-hot water, and is capable of being electro- 
lysed or split up like a solution. As a rule, great 
practical difficulties attend experiments upon melted 
salts, but where it is possible to conduct the opera- 
tion the process is extremely simple and perfect. 
Processes of this kind are classed under the heading 
°* tj&electrolysis of fused salts. 

Now for a few moments let us forget true electro- 
lytic reactions, as we have come to understand them, 
and think of purely chemical processes, like the 
smelting of iron in an ordinary blast furnace. In 
this iron ore and coal are mingled in a white-hot 
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furnace ; the oxygen of the ore unites with the carbon 
of the coal or coke, escapes into the air as carbonic 
acid gas, and the metallic iron runs dowp in a molten 
condition to the bottom of the furnace hearth and 
is drawn off and cast into ingots. Much more coko 
is used than is needed for the separation of the iron ; 
the excess of coke is put in simply to burn, and make 
the furnace and its charge white hot. If we were to 
mix the ore with only sufficient coko for its separa- 
tion and not enough to make if burn when lighted, 
and then heat this mixture by some other means, 
we should obtain the desired result, separating the 
iron. Wo have already learnt in the course on 
Electricity that when a large current of 
electricity passes through indifferent conductors 
it heats them. If, therefore, wo were to pour an 
electric current through such a charge we should 
raise it to a very high temperature, and thus effect 
the reduction or separation of the iron. Such reactions 
are known as electro-thermic or electric-furnace 
reactions , and may he produced by an alternating 
or a direct current as they are independent of electro- 
lytic reactions, and, although the eonduclois con- 
veying the current into and out of the chargo are 
called electrodes, they aro not electrodes quite in 
the sense in which wo have so far regarded them. 
The high tomperatnro of fhe electric furnace is 
capable of converting ordinary c ir bon into graphite. 
This fact has been largely made use of by the 
Aeh^son Graphite Co. in America in the manufac- 
ture of “graphitised*’ carbons, which aro specially 
suitable for use as anodes for all kinds of electro- 
chemical work, being less readily corroded and 
eaten away. 

If electricity he forced through a gas by applying 
it at a high electric potential, a phenomenon akin 
to electrolysis is observed. We shall deal with this 
more fully when discussing ozone and nitric acid, 
but in the meanwhile it may be observed that, 
although coming under the head of Electro- 
Chemistry, it should not be regarded as really 
electrolytic. 

Copper Refining. This metal is found in 
the form of minerals, which are smelted down in 
blast furnaces, and then refined by a complicated 
and difficult process in a furnace. As manv as seven 
operations are involved, hut even then the copper 
produced contains many injurious impurities, among 
them being iron, tin, lead, antimony, and other 
substances. In addition to these impurities it nearly 
always contains a small proportion of the precious 
metals silver and gold. All these impurities render 
the crude copper useless for drawing into wire or 
rolling into sheet. Moreover, it is highly desirable 
that the silver and gold locked up in the crude copper 
should be separated in order that they may be sold 
as such. The process by which the whole of the 
copj>er of the world is now refined and the precious 
metals separated is an electrolytic one. 

The refining works consist, first, of a foundry for 
casting the crude copper into large plates to be used 
as anodes ; secondly, there is a large room or shod in 
which stand long rows of large wooden or slate 
watertight boxes or “ vats,” in which the refining 
fakes place; thirdly, there is a generating house 
for the production of the electric current ; it con- 
tains one or more dynamos, producing a direct 
current, and driven by steam engines or by water 
power. Fourthly, it has offices and laboratories, in 
which the gold and silver bullion is finally separated 
and refined. 

The electrolyte, in the tanks consists of a solution 
of copper sidphate and sulphuric acid in water. The 
cathodes are thin rolled sheets of pure copper . Each 
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tank contains several thick crude copper anodes 
and thin pure copper cathodes suspended alter- 
nately, side by side, about 1 in. apart in the electro- 
lyte. All the anodes are connected to the positive, 
and all the oathodes to the negative main, and when 
the current flows the copper from the crude anode 
is dissolved, and deposited on to the cathode, which 
process is continued until the anode becomes thin 
and weak and the cathode thick and strong ; this 
may require several c days or even weeks to accom- 
plish. The gold and silver and other impurities , 
instead of dissolving with the copper at the anode , 
form into a mud or deposit , and fall to the bottom 
of the vat. This mud is collected 
and smelted down for its gold and 
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silver, while the copper, which passes over to the 
cathode, is pure and free from all the impurities 
originally present in the crude metal. 

Figure 2 shows a diagram of an electrolytic copper- 
rofining tank. A — the tank ; BB -- crude copper 
anodes, which have been previously cost in the 
anode mould C; DD are the thin pure copper 
cathodes ; EE = the negative leads connected 
to the suspended cathodes ; FF = the positive 
leads on which the anodes rest ; G is a tray for 
catching the anode mud which falls from the sur- 
faces of the anodes; H is tho electrolyte, consisting 
of a solution of copper sulphate and sulphuric acid 
in water, the circulation of which is maintained by 
the inlet and outlet tubes, I and J. 

Commercial Aspect of Copper Re- 
fining. In actual practice the refining of copper 
is carried out on an exceedingly large scale. The 
Anaconda Copper Company’s works, using the 
Tliofehrn system, is one of the largest in the world, 
and is capable of refining 150 tons of copper per 
day. The electric current is produced by four 
largo dynamos driven by engines of 900-horse 
power each, and another driven by a 400-horse power 
engine, which can bo switched on to any part of tho 
rennery in case of breakdown in one of the larger 
engines. In addition to this, 50-horse power is used to 
light the works by electricity, and 30-horse power 
is needed to pump the olcctrolyte from tank to tank 
in order to maintain efficient circulation. 

The tanks are arranged in rows in two large 
buildings, each having a floor space of 0,500 sq. yd., 
and containing fiOO electrolytic tanks, each tank 
being 8 ft. 3 in. long by 4 ft. 7 in. wide by 3 ft. 3 in. 
deep. They are made of wood and lined with lead ; 
16 copper cathode rods and 15 anode rods run the 
length of the tanks, connected to the positive eleotrio 
mam and the negative main respectively, and on 
these bang the copper anodes and cathodes them- 
selves. 

Each vat requires an electric pressure of about 
J volt, and as 200 vats ore connected in series, the 
total electric pressure required would be 100 volts. 
The vats guto arranged on an Incline, and the 
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electrolyte flows from one to the other, being finally 
pumped back again ; this ensures a good circula- 
tion. In practice copper (“blister”) containing 
about 110 oz. of silver and J oz. of gold per ton, 
and some arsenio, iron, lead, and other impurities, 
is refined. The current used is about 15 amperes to 
each square foot of CAthode plate surface, as this 
enables a clean, thick, smooth deposit of copper 
to lie obtained. The total cost of the process is„said 
to be about £3 per ton of copper refined. 

The same principle as this is also largely used to 
electroplate cycle frames, teapots, etc. with copper 
before the nickel or silver is added. It nas also been 
applied, but only with indifferent success, to the 
extraction of copper direct from its ores. 

We may here, too, mention the electrolytic 
skinning of tinned iron scrap, which is largely done 
in Germany. The tin scrap is made the anode in a 
hot solution of caustic* soda in which the tin becomes 
dissolved and re-depositod on to a cathode, while 
tho iron itself, remaining insoluble, is taken out, 
washed, and beaten into coherent masses under 
the hammer. 

Lead. The ordinary method of extracting this 
metal from its mineral galena is fairly simple, and 
c onsists of two operations conducted in a furnace 
in which coke is used to supply the heat. Impure 
lead is thus reduced from the ore containing many 
of the impurities, like antimony, copper, iron, etc., 
which render it too hard for working, and also all 
the silver and perhaps gold present in the original 
mineral. It is then relined by melting, and air is 
allowed to play upon its molten surface, which 
turns the impurities into a dross so that they may 
be removed. The silver and gold are then taken 
out by a laborious and expensive method, by which 
they are recovered and the lead refined. 

An electro-chemical process to compete with this 
has to produce pure lead and silver in a more 
direct way, and at less expense. 

Knowing the force with which the lead and sulphur 
are combined in the mineral galena, it is possible 
to calculate the amount of energy that would be 
needed to separate, say, one ton of lead, and if this 
calculation is made it shows that in theory an elec- 
trical method of extraction would be much cheaper 
than the ordinary one at present used. But the 
practical difficulties are enormous, and up to the 
present time no electrical process has been developed 
which can compete successfully with the old 
methods, although much promise is shown for tho 
future. Broadly speaking, it has been attempted in 
two ways. The first method is to convert the galena 
into some form of lead salt that will dissolve in 
water and then electrolyse the solution so that the 
lead is deposited upon the cathode. A process of 
this kind was once tried by Keith in America. 
The galena was melted and cast into anodes (galena 
is one of the few minerals that will conduct elec- 
tricity freely). Then thin pure sheet-lead cathodes 
were made, and the electrolysis was performed in 
an electroly fce consisting of a solution of acetate of 
lead. The action was like copper refining. The 
impurities were thrown down as a mud and con- 
tained the precious metals. The pure lead was 
deposited as a spongy mass on the cathode, which 
was afterwards melted down. This represents only 
one of the many attempts in this direction, hut 
it has also been tried by a “fused clectrolgpis * 
method, described later. 

Zinc. Zinc is a somewhat more common metal 
than lead in nature. It is found as a brown, shiny 
mineral called blende, which consists of sine and 
sulphur, and also as an oxide aiyl carbonate, both of 
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which are white. Silver is seldom found with it, 
but the impurities, iron and arsenic, are almost 
invariably present. The extraction of this metal 
from its ores is simple, but exceedingly expensive 
and wasteful. It is put into retorts with coke and 
distilled by the heat of enormous external furnaces. 
The coal and coke bill is excessive, and the constant 
wear of the retorts terrific. Theoretically the cost of 
extraction is overwhelmingly in favour of electrical 
methods, but the practical difficulties, as in the case 
of lead, are very great; so much so, that so far no 
electro-chemical process has been able to take the 
place of the ordinary distillation method of ex- 
traction, although a process invented by Hoepfner, 
and worked by Brunner, Mond & Co. in England, 
is in operation for the refining of crude zinc and the 
production of a specially pure kind. 

But in spite of the great difficulties which beset 
the clectro-chemist when experimenting with pro- 
cesses for the reduction of zinc there is very 
great promise of its ultimate success, so that along 
with lead it may lay claim to a place of importance 
in the not far distant future. Both the wet and the 
dry methods,describcd in the early part of this course, 
have been applied with some considerable degree of 
success to zinc extraction. All sorts of acids have 
been used to dissolve the zinc ore so as to obtain 
its solution in water, but the most general way 
of attaining this end is to heat the blende in a furnace 
through which is allowed to flow a current of hot 
air', so that the zinc blende is burned or u roasted ” 
into a form in which it will dissolve in water. 
Having thus obtained it as a solution in water, it is 
placed into an electrolytic tank and electrolysed 
with a cathode of pure zinc on to which the zinc 
deposits, and an anode of carbon or lead, which, 
not being acted upon by the solution, simply allows 
bubbles of oxygen to escape from its surface. 

If a zinc ore be dissolved in hydrochloric acid, 
a salt of the metal, consisting of zinc and chlorine 
(chloride of zinc), is formed, which may be 
melted in the manner described in a previous para- 
graph and electrolysed in a fused or melted condi- 
tion with a zinc cathode and a carbon anode. Zinc 
is deposited at the cathode and the gas chlorine 
in a heated condition escapes at the surface of the 
carbon anode. 

Lead and Zinc Sulphide Ores. Lead 
sulphide (galena) and zinc sulphide (blende), 
as we have seen, can be treated individually by 
ordinary chemical processes so that their respective 
metals are extracted in a more or less pure condition, 
but it may here be j>ointcd out that if these two 
minerals aro mixed together they would so far 



3. DIAGRAM OF PHCENIX LEAD-ZINC-SILVKR' 
SULPHIDE PROCESS 

interfere with one another as to make it practically 
impossible to treat them at all. As a matter of fact, 
the bulk of the lead and zinc and a large proportion 
oflthe silver existing in Nature occur in this amazingly 
juixed up way, and have managed so far almost to 
baffle the chemist completely, so that he cannot find 


any way in which to treat the mixture in order to 
get out of it the lead, the zinc, and the silver. In 
theory, however — that is, calculating from the known 
amount of energy which would be required to separate 
the metals — an electrical process has an enormous 
margin of profit, so that much attention has been 
paid to this subject. Many wet processes have from 
time to time been introduced, but nearly all have 
been abandoned. 

In 3 is shown in diagrammatic form the “ Phoenix ” 
process invented by James Swinburne. The ore, 
which is first crushed to a fino powder, is placed in a 
refractory receptacle, called a converter. Into this is 
forced red-hot chlorine gas obtained from a subse- 
quent operation. This converts the sulphides into 
chlorides, and frees the sulphur. The “ pudge ” 
thus obtained is dissolved in water, and filter- 
pressed, separating the gangue (or sand) and lead 
and silver chlorides. A mechanical separator 
then takes out the gangue, and the chlorides of 
lead and silver are dried and melted with lead to 
take out the silver. The lead chloride left is then 
treated with zinc to reduce the lead. The solution 
from the first filter-press (mainly zinc chloride) 
is run through iron turnings to precipitate any 
lead and silver from solution by the substitution 
method already described ; it is then treated 
with cold chlorine in presence of calamine (zinc 
carbonate ore) which precipitates manganese and 
iron as oxides. These are filter- pressed out, and the 
pure zinc chlorido solution is evaporated and 
electrolysed in a melted condition, using anodes of 
carbon and a cathode of melted zinc. Thus all the 
lead, zinc, silver, sulphur, sand, and impurities arc 
recovered separately from the original complex ore. 

Gold. The winning and extraction of gold from 
its ores is essentially a different problem from the 
winning of any other metal, VVe have seen that 
lead-bearing and copper-bearing minerals almost 
always contain gold in more or less quantity, and 
that this gold is reduced or smelted along with the 
metal, and has to be extracted by some means 
from the metal itelf in the subsequent course of 
refilling. But the bulk of the gold of which the world 
has become possessed has been extracted, not from 
the ores of other metals, but from clean rocks or 
river l>cds, in which it is contained in small quantities, 
mixed in with the rock or gravel, in the metallic 
state, and not combined to form a mineral. It is not 
a case of reduction, but it is a case of winning it, or 
searching for the tiny particles, like needles in a 
haystack. The latter illustration is, moreover, 
suggestive ; for if we were given a haystack con- 
taining, say, iron filings, and asked to extract them, 
we should all probably suggest that the stack be 
first ground to chaff, and that the chaff be blown 
past a magnetic pole, when the iron filings would 
stick to the magnet and the chaff be blown away. 
And so, if we are given a rock containing gold dust, 
we should grind it to powder and blow it over some- 
thing corresponding to a magnet. But gold is not 
attracted to a magnet, so another device is used. 
Plates of copper amalgamated or coated with 
mercury are substituted; and to these the small 
gold particles adhere, and become dissolved. 
The powdered ore is passed over these amalgamated 
plates with water and the useless “ tailings ” are 
carried away. To win gold particles from the gravel 
beds of rivers a more simple process is used. The 
gravel is simply taken and placed in a “ batea,” 
or “ Chinaman's hat,” and swilled round with 
water. The gold, being heavier than the gravel, 
collects in the bottom of the batea, and is saved. 
But neither of these processes oan be satisfactorily 

5765 



APPLIED OHIMIATRY 


applied to gold rock ores containing very small quan- 
tities of embedded gold. A more delicate and 
efficient mode, known as the cyanide process, is used, 
which consists of leaching, or soaking, the pulverised 
ore in a weak solution of cyanide of potassium. 
In this solution the gold dissolves, the liquid is then 
drawn off, and the gold is extracted from the 
cyanide solution by contact with zinc shavings, 
which reduce it to metallic gold. 

Electricity in Gold Extraction. 
Electricity has not by any means revolutionised the 
gold winning industry, but it has gradually stepped 
into a position of great utility, from which it is not 
likely to be removed. Electricity has taken no 
part in washing, but it has found ft use in amalga- 
mation in the Molloy process. As already explained, 
copper plates are amalgamated, or coated with mer- 
cury. Over these the ore and water flow, and the 
gold particles are caught up by the mercury and 
retained. In practice, however, the surface of the 
mercury soon becomes “ sick ” or dull, and loses 
its power of catching the gold. Originally a little 
metallic sodium was added to the mercury, and the 
action of this metal kept the surface of the mercury 
bright and clean. Molloy discovered that if a little 
sulphate of sodium (Glauber’s salt) be added to the 
water which carries the gold ore in suspension, and a 
current of electricity be passed through so aR to 
make the mercury surface itself the cathode, a small 
amount of sodium is deposited into the mercury 
and, as already explained, keeps the mercury from 
“ sickening.” But electricity has taken a more 
important place in the cyanide extraction process. 
A very weak solution of cyanide of potassium is, 
theoretically, needed to dissolve the gold from an 
average ore, say one part in 20,000 ; but in practice 
it is found necessary to use about one part in 2,000. 
Having dissolved the gold, the next step is to troat 
the solution with zinc shavings to re-precipitate 
and recover it again, and in order that the zinc 
may do this efficiently, it is necessary to use cyanide 
of a strength of about one part in 200 ; this is actually 
used on the Hand in South Africa, but as cyanide 
is expensive, and a largo proportion of the solution 
is lost, this is a disadvantage. If, however, the gold 
be dissolved in one part cyanide in 2,000 it may 
be efficiently deposited by electricity, and on account 
of the weaker solution which it is thus necessary 
to use, much less cyanide is lost. The Siemens- 
Halske, and other processes based on this principle, 
nro gaining headway in South Africa and New 
Zealand. The solution of gold, in cyanide is used 
as electrolyte, and is made to pass slowly between 
iron anodes and lead cathodes, the gold being 
plated on to the cathode in the usual way. This 
cathode, when sufficiently plated with gold, is 
melted down and the gold recovered by the usual 
process of “ cupellation.” 

The electro-metallurgy of silver lias been suffi- 
ciently dealt with when discussing the refining 
of copper, lead, and other metals with which it is 
generally associated in nature. 

Aluminium. Theso metals are reduced from 
their ores exclusively by methods involving the 
electrolysis of a molten electrolyte in a crucible. 
They both occur universally, in almost every rock 
and soil, but the only minerals directly available 
for their reduction are cryolite from Greenland, a 
compound of aluminium and fluorine, bauxite , a 
compound of aluminium and oxygen, and camallite , 
a compound of magnesium ana chlorine. Both 
these metals have a very great affinity for the 
elements with which they are combined, and great 
energy is required to separate them. 
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Aluminium is extracted largely In Scotland by 
the British Aluminium Company at the Falls of 
Foyers, in America, and in Switzerland, at the 
Falls of the Rhine. The first part of the process 
is purely chemical and consists in purifying the 
cryolite and bauxite and freeing them from iron 
and other impurities, so as to obtain the pure fluoride 
and oxide of aluminium. The two representative 
processes are those of H6roult and Hall. In the 
former the aluminium oxide is melted in a crucible, 
which requires a great heat ; the heating is done, not 
by a fire, but by the electric current itself, which, in 
its passage through the alumina (aluminium oxide) 
raises it to sufficient temperature. Molten alu- 
minium metal lying in the bottom of the cruoible 
is connected to the negative pole of the eleotric 
generator, and forms the cathode on to which the 
reduced aluminium from the alumina deposits, and 
the anode consists of a rod or rods of graphite 
or carbon, which is consumed by the oxygen 
liberated from the aluminium oxide. This oxygen, 
however, instead of escaping as such, unites with the 
carbon anode to form carbonic acid. The Hall 
process is similar, but instead of molten alumina 
the electrolyte consists of molten cryolite, in which 
is dissolved some alumina. The cryolite itself is 
not decomposed or used up, but only the alumina, 
and in this respect the process is comparable to that 
of Hcroult. As the aluminium is formed it is 


tapped from the bottom and cast into ingots and 
fresh alumina is added to the top of the crucible. 
About 8 to 10 horse- power hours are required to 
deposit 1 lb. of aluminium and to maintain the 
temperature at about 1)50° C. 

Magnesium. Magnesium is extracted in a 


very similar manner. Purified carnallite is fused in 
a crucible by means of a gas furnace and is electro- 
lysed, using a carbon r 

anode, and a carbon g 
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magnesium can be deposited from solution in the 
ordinary way, but only from fused electrolytes. 

The aluminium extraction apparatus as originally 
used at the Falls of the Rhine is shown in 4 . A is 


an iron crucible lined with charcoal B, resting on an 
insulating stand C. A metallic conductor,*!), passes 
through the bottom, pausing the molten aluminium* 
E, to formthe cathode. The electrolyte, F, is a- 
molten solution of alumina in cryolite, G is the 
earbon anode from which oxygen and carbonic acid 
are evolved. H is the tap hole for the aluminium ; 
I the gear for adjusting the height of the anode ; 
J the positive ana K the negative electric cables. 
The necessary temperature is maintained by the high 
current-density of the electric eurrent. 

Sodium and Potaaaium. To those who 
are not familiar with these metals a word or two 
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describing thorn may not bo out of place. They 
are very similar in general properties, of tho hard- 
ness of a stiff wax, being easily cut with a pen- 
knife, of a yellowish colour, ana “ highly electro- 
positive” — that is, they have an exceptionally great 
affinity for non-metals liko chlorine, oxygen, etc. 
So great is this affinity that they will replace all 
the more ordinary metals when brought into 
contact with their salts. Thus, when sodium is 
brought into contact with water it violently 
replaces and liberates the hydrogen (which often 
catches fire through the violence of the reaction), 
forming with tho oxygen of the water the com- 
pound known as caustic soda , or liydralod sodium 
oxide. Potassium is even more powerful than 
sodium, but, in general, brings about the same 
changes, forming with water caustic potash, Sodium 
and potassium, as well as a similar metal called 
>'d!cium (tho base of lime, chalk, etc.) are so common 
ns to form a largo proportion of the earth’s crust, 
but the purest and most promising source of the 
former metal is sodium chloride, or common salt. 

Practical Difficulties. Salt, if melted in a 
fireclay crucible, may be electrolysed at a red heat, 
using a carbon anode and copper or iron cathode, llot 
chlorine gas is evolved at the anode and escapes; at 
the cathode melted sodium forms, and being lighter 
than the melted salt it floats to the surface. In prin- 
ciple this is simplicity itself, but in practice it has 
baffled electro-chemists completely. The practical 
difficulties in the way are so enormous that although 
much attention has been given for many years to 
this branch of chemistry, no successful method lias 
ever been invented for the electrolysis of melted salt 
direct for the manufacture of sodium metal. Tho 
chief difficulty is that the sodium when once formed 
re-dissolves before it can be collected. To over- 
come this Ashcroft has patented a process in 
which melted lead is used as cathode ; into this 
the deposited sodium travels, and becomes dissolved 
or alloyed, and a constant circulation of the melted 
lead is maintained by means of a rotating electro- 
magnet placed below the crucible. After the lead 
has become charged with sodium it is placed in 
another crucible containing fused caustic soda. 

In this tho lead is made the anode and there 


is a cathode of iron. When the current passes 
the lead gives up its sodium, but does not itself 
dissolve, and this sodium passes through the fused 


caustic soda, and is deposited on to the iron cathode, 
where it may be col- f 
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Hon is rather complicated, but the result is simple ; 
iron electrodes are used, and at tho anode oxygen 
Kas ia liberated, while at the cathode, hydrogen gas 
and metallic sodium are liberated, and the latter 
is ladled out and saved. Potassium, for which 
there is only a very limited demand, is also made in 
similar way, from caustic potash . 


Oastner’s apparatus for tho electrolytic separation 
of sodium from melted caustic soda is shown in 5. 
A is an iron melting-pot kept hot by a ring gas 
burner D. B is the cathode entering from the bot- 
tom and insulated from the pot by solidified caustic 
at K. CC is a circular iron anode. M is an iron hood 
(with lid) supporting a wire gauze curtain (shown 
by dotted line), and G and H. are the leads connected 
to the anode and cathode respectively. ,1,1 is a 
masonry support for the whole apparatus and 
serves as a furnace with flue, K. The whole ap- 
paratus is full of molten caustic soda, LL, and when 
the electric current flow's oxygen is evolved at the 
anode, and escapes through an outlet or through 
tho loosely fitting top. At the cathode, B, hydro- 
gen (which bubbles up, and escapes through the 
loosely fitting lid, F) and metallic sodium are 
formed. The sodium floats up into the hood, M, 
as shown at P, and is withdrawn by a ladle. The 
various parts of the apparatus (ns at R) are kept 
insulated by asbestos card (not shown). 

Iron and Steel. Iron is found in Nature 
most commonly combined with oxygen and sulphur. 
With oxygen, which form is familiar as “ rust,” 
it occurs as magnetic iron ore , hasinatite , and specular 
ore , and with sulphur as iron pyrites. Tho oxides 
serve as the source from which our iron and steel are 
reduced, and the processes by which they are manu- 
factured, although exceedingly complex in detail, 
are nevertheless commonly understood in principle. 
All that is necessary to extract iron is to heat the 
ores to a white heat in a blast furnace with charcoal 
or coke, when the earl ionic oxide produced by the 
partial burning of part of the coke combines with 
the oxygen of the ore to form carbonic acid, which 
escapes up the chimney of the furnace, while tho 
iron runs in a molten condition to tho bottom of tho 
furnace. But however pure the ore may he it 
always contains a large proportion of infusible earthy 
matter, and in order to render this fluid in tho 
furnace fluxes have to be added, usually in the form 
of carbonate of iron (” spathic iron ore”) which 
formJj a suboxidc of iron in the furnace capable 
of combining with tho earthy matter to form a 
liquid “ slag.” Steel is only iron in which is dissolved 
a small proportion of carbon from the coke, and is 
produced by varying the conditions in the smelting 
operation, or by subsequent treatment of the iron. 

The main object of introducing electricity into 
the smelting of iron is simply this: in an ordinary 
blast furnace charge, besides the coke necessary for 
the chemical reduction of the iron, there has to bo 
added sufficient excess to burn and supply the heat 
of tho blast furnace itself. Now, it is obvious that 
in some localities, where fuel is very expensive, and 
where electricity is very cheap, as, for instance, in 
the neighbourhood of a large waterfall, it might bo 
advantageous to supply this extra heat by electrical 
energy, and, moreover, as tho wholo operation 
would be much more under control, and the losses 
of heat from radiation, Hue gases, etc., reduced, 
it would stand a fair chance of economical com- 
petition. Upon the strength of arguments of this 
kind many metallurgists have devoted a consider- 
able amount of energy to the problem, and several 
processes and types of furnace have been developed, 
iron and steel are often alloyed with other metals, 
such as tungsten, chromium, etc., and the electric 
furnace method has given greater facilities for this 
during the operation of reduction. Dr. H6roult has 
paid special attention to the refining of crude iron 
and production of steel in the electric furnace [ 7 ], 
which has been previously reduced in the ordinary 
blast furnace, in an electric furnace, or in a 
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combination of the two. There is some promise 
of this method taking an important place in the 
future of the metallurgy of iron. 

Figure 6 shows a diagrammatic section of Hdroult’s 
crude iron refining furnace. Crude iron, A, and slag, B, 
are run in from an ordinary blast furnace while 
still in a molten state. CC are carbon electrodes, 
which dip only into the slag, but the path of the 
current through the metal (as shown by the dotted 
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lines) keeps the whole mass hot. Electric energy 
thus supplies the requisite heat while the refining 
and steel production are regulated by tho addition 
of the reagents used in the ordinary methods of 
crucible and othor steel. 

Carbides, “ Carborundum/* The enor- 
mously high temperature which it is possible to 
obtain in the electric furnace (3,500° 0., as against 
only 1,800° O. in the hottest coke furnace) has 
enabled many new chemical substances to be pro- 
duced which it has been impossible to obtain even 
in an oxyhydrogen furnace. We have already seen 
that if iron oxide bo heated with coke or carbon in 
the electric furnace iron is reduced to the metallic 
state. If, however, a large excess of carbon be 
used in the charge, and the furnace be raised to a 
very bright blue heat, the metallic iron at first 
reduced recombines with the excass of carbon to 
form a body called a oarbide. But iron is by no 
means the only metal which behaves in the same 
manner. If we take the oxides of any of the follow- 
ing metals — aluminium, barium, caesium, calcium, 
cerium, chromium, lanthanum, magnesium, man- 
ganese, molybdenum, potassium, sodium, strontium, 
thorium, titanium, tungsten, uranium, or zirconium ; 
or the non-metals boron, selenium or silicon — and 
heat them with a large excess of carbon in an electric- 
furnace, carbides, varying greatly in their general 
properties and the proportions of carbon contained 
in them, are produced. Space does not permit of 
detailing the many interesting properties of these 
carbides, but a few of their most important 
characteristics may be mentioned. Silicon carbide 
which is now more generally known under the name 
carborundum , is a black crystalline substance, 
extremely hard ; in fact, in this respect, it approaches 
very nearly to diamond, and on account of this 
fact it is largely used as an abrasive for polishing 
and grinding. It is an inert body, and water has no 
action upon it whatever, and it is difficult to dissolve 
in any acid. Carborundum is manufactured on 
a large scale in America from a mixture of pure 
sand (silicon oxide, or “ silica”) and coke. Boron 
carbide is a very similar body, and is even harder 
than carborundum, but as silicon is a much more 
common, and consequently a less valuable, sub- 
stance than boron, the former is able to compete 
in commercial use. 

WAS 


For the production of these carbides, and for all 
electric furnace reactions, an alternating current 
may be used; unlike true electrolytic reactions, 
they do not require a direct current 

Figure 7 is a diagram of a simple form of electric 
furnace. The current, which may be alternating or 
direct, and conducted in either direotion, is conveyed 
by the leads, A A, to the carbon “ electrodes,** BB. 
CO is the firebrick body of the furnace, with a 
magnesia or other refractory lining, DD. E is the 
furnace cover, with hopper, F, for the introduction 
of the charge, and outlet, G, for the escape of tho 
carbonic oxide or other gaseous product evolved in 
the operation. When beginning, the electrodes are 
pushed together in contact, and are gradually drawn 
apart, when an electric arc is formed and the centre 
of the charge begins to become white hot, as 
shown at H. This process may be continued until 
the whole charge is melted and the temperature is 
extremely high. 

Calcium Carbide. Many of the carbides 
are energetically acted upon when brought into 
contact with water, when they decompose the water, 
tho metal combining with its oxygen and the carbon 
with its hydrogen, evolving tho latter in the form 
of a combustible gas. Aluminium carbide evolves 
methane; manganese, cerium, thorium, and uranium 
carbides evolve mixtures of methane, acetylene, and 
hydrogen ; while barium, lanthanum, strontium, 
and calcium carbides evolve acetylene in a nearly 
pure state. As far back as 1830 the great chemist 
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Davy found that the residue obtained in the extrac- 
tion of potassium, which was really a carbide, evolved 
an evil-smelling combustible gas when brought into 
contact with water; and later, in 1862, the chemist 
Wohler actually produced calcium carbide, and, 
from it, acetylene. It was not, however, until a 
few years ago that the commercial value of calcium 
carbide was discovered, and it was made possible 
to manufacture it on a large scale in the electric 
furnace. The property of calcium carbide to de- 
compose water and to evolve a nearly pure form 
of acetylene is now known to everybody, as is also 
tho extreme power which this gas has of emitting 
light when burned in air. 

Calcium carbide is manufactured on a large scale 
by mixing together well-burnt lime, which is calcium 
oxide, and a pure form of coke or powdered carbon. 
The charge is then introduced into the electric 
furnace and heated up to a very high temperature. 
The carbon electrodes of the furnace may be 
arranged in several ways. One method is to bring 
them together over the top of the charge, then 
separate them so as to form an arc, which radiates 
its heat on to the charge and thus melts it. Another 
method is to fill in a line between the separated 
electrodes with coarsely broken carbon, which, upon 
the first passage of the current, becomes hot and 
melts the charge. A third plan of starting is to 
push the eleotroaes down into the charge until their 
ends meet, and then, as soon as the eleotric current 



APPLIED CHEMISTRY 


begins, gradually to separate them so that the 
arc formed fuses the part of the charge between 
their onds. When the electrodes become fully 
separated the whole charge is melted. The furnaces 
are generally constructed of firebrick, and lined 
with a refractory material. A charge of about a 
ton of lime and three-quarters of a ton of powdered 
carbon is introduced, which produces about one ton 
of calcium carbide. The amount of electrical energy 
required varies, but is approximately 300 to . r > 00 elec- 
trical horse power for 12 hours. The manufacture of 
calcium carbide is carried on chiefly in the States. 

^Secondary Reactions. When describing 
“ electrolytic reactions ” in the early part of this 
course it was pointed out that, although the metallic 
atoms travelled with the current, and the non- 
motallic atoms travelled in the reverse direction to 
the current until they reached the surfaces of the 
cMthode and anode respectively, they arc not always 
deposited there in a coherent form. In the case of 
the metal hydrogen it is evolved as a gas and 
escapes into the air, and in the case of the non- 
metals chlorine and oxygen, they, too, are evolved 
as gases and escape. These reactions are termed 
primary , bcauso the primary or original atom or 
atoms which are carried to the electrodes are there 
separated. It is very frequent, however, that the 
primary atoms, or iu?is, are not actually separated, 
Imt that they lecombine at the very moment of 
liberal ion wilh the elect: olyte. Such reactions are 
termed secondary, and are somowhht more difficult 
to understand fully. A good example of this kind 
of reaction *ls given by the electrolysis of common 
salt, which consists of an impure form of sodium 
chloride. Tf it be melted and electrolysed in a 
crucible at a red heat, sodium and chlorine are 
evolved and separated ; but if it is dissolved in 
water, and the solution is electrolysed, the action 
is completely different. The sodium travels to the 
cathode, but at the moment of its liberation it is 
snatched up by the water of the electrolyte, and, 
combining with it, forms caustic soda. At the anode 
the action varies according to circumstances ; 
chlorine travels there, and at the beginning it 
is evolved and escapes. But if the electrolyte is 
allowed to circulate freely, so as to bring some of 
the caustic soda formed at the cathode into the 
immediate neighbourhood of the anode, the chlorine, 
instead of escaping, will combine with the caustic 
soda to form hypochlorite and chlorite of sodium. 

Under these circumstances, secondary reactions 
are taking place at both electrodes. It is obvious 
from what has been said that if it is desired t-o 
manufacture chlorine gas and oaustic soda the 
circulation of the electrolyte between the anode and 
cathode sides must be prevented ; while, if it is 
desired to manufacture hypochlorites and chlorite 
of sodium, the caustic soda liquor formed at the 
cathode should be allowed to flow gently towards 
the anode side. These results aro obtained by the 
Use °f what is oa lied a porous partition , or diaphragm, 
made of some such material as asbestos fibre or a 
porous porcelain or baked clay. A slab of this is 
inserted between the anode and cathode, thus 
dividing the vat into anode and cathode compart- 
ments. Through this the liquids permeate, but do 
,U) t freely mingle or circulate, and through the elec- 
trolyte imbedded in its pores the electric current 
can freely travel. The use of this arrangement will 
become clearer presently. 

Caustic Soda. The raw material is common 
salt, or sodium chloride, and the problem is to 
electrolyse this so as to obtain caustic soda and 
t'hlorine gas. The salt is dissolved in water, and is 


electrolysed with carbon anodes and iron cathodes. 
Chlorine is evolved at the anode, and is led away 
over damp slaked lime, where it forms bleaching 
powder, and at the cathode caustic soda is produced. 

The chlorine thus produced frequently contains 
some carbonic acid gas, formed by tho oxydation 
of tho carbon anodes. This may be eliminated by 
passing tho chlorine over a preliminary batch of 
Jirne or bleach, which becomes gradually converted 
into carbonate. Tn this way the carbonic acid is 
kept from the bulk of tho bleaching powder, which 
it would dilute if allowed access. The solution of 
c austic, which always contains a certain amount of 
salt, is led away, evaporated, and finally melted 
down, when the salt floats as a scum to the surface 
and is removed; the caustic is then cast into sticks, 
and along with tho bleaching powder is sold. 

A process originally worked on this simple plan 
was developed by Holland and Richardson, and 
worked by the Electro-Chemical Company in 
Lancashire. The cathodes were of wire gauze, and 
the anodes of carbon from the gas retort. Another, 
known as the Hargreaves- Bird process, and worked 

by the Elec- 
trolytic Alkali 
Company in 
England, was 
somewhat simi- 
lar, but the 
gauze, which 
was placed out- 
i + side a porous 
partition, and 
on to which 
steam and car- 
CASTNER-KELLNER CAUSTIC bonic acid WCI C 
SODA APPARATUS blown, formed 

the cathode. 

By this method chlorine and sodium carbonate 
(washing soda) were manufactured. 

The Castner-Kellner Process. In 8 is 
shown a diagram of the principle of the- Castner- 
Kellner process for the production of caustic soda 
from common salt in solution, which is run at 
Runcorn, in Cheshire, on a large scale ; this process 
makes nsc of an “ intermediate electrode ” of 
mercury, and its action will be readily under- 
stood by reference to the diagram. A is the 
vat with cover B and carbon anodes CO. D is 
an iron grid cathode. The tank is divided by the 
two partitions H and I into three compartments 
E, F, G. E and G contain a solution of common 
salt in water, and F contains (upon starting) 
ordinary water. The bottom of the tank is covered 
with a layer of mercury, S, and the partitions H and I 
do Yiot extend to the bottom of the tank, but down 
only to just below the surface of the mercury. Tho 
liquids are thus separated, hut the mercury is 
continuous. Tho electric current enters the salt 
solution in E and G, and evolves chlorine, which 
escapes through the outlets N, M. It then enters 
the surface of the mercury, depositing metallic 
sodium into it. The tank is pivoted at O, und 
rocked by the eccentric P, thus circulating the 
mercury into the compartment F, where the 
current leaves the mercury and enters the water, 
leaving by the cathode 1). Gaseous hydrogen is 
evolved at the cathode, and escapes by the outlet R. 
The sodium in the mercury, and not the mercury 
itself, thus dissolves in tflo water and forms a pure 
solution of caustic soda. The electric pressure 
required is from 2*5 to 3 ‘5 volts. Sodium hypochlorite 
is a body consisting of sodium, chlorine, and oxygen, 
and is largely used in the bleaching industries, and in 


* a 
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disinfecting, for the reason that it readily gives up 
hypochlorous acid, a very powerful oxydising or 
bleaching agent. Potassium chlorate is a substance 
composed of the same elements but more stable. It 
consists of potassium, chlorine, and oxygen, and is 
largely used in the manufacture of explosives, fire- 
works, and matches, on account of its power of 
rapidly giving up its oxgyon to other bodies with 
which it is mixed. 

Hypochlorites and Chlorates. The prin- 
ciple upon which the manufacture of these is based 
has already been hinted at. In the case of sodium 
hypochlorite a solution of common salt is electrolysed 
with a metallic platinum anode and an iron or 
copper cathode. Between these electrodes is inserted 
a porous diaphragm, usually made of asbestos fibre 
stretched on a wooden frame. At the cathode 
caustic soda forms, and as the level on this side of 
the diaphragm is higher than on the anode side, 
the caustic soda gradually circulates by gravity 
towards the anode compartment. As it percolates 
through the diaphragm its place is taken by fresh 
salt solution gradually added from above. This 
caustic then finds its way to the anode, where it 
meets with the chlorine, and, as already explained, 
is converted into sodium hypochlorite, and is drawn 
off for bleaching purposes. The manufacture of 
potassium chlorate is almost exactly similar, but 
there is this essential difference. If chlorine gas is 
allowed to act on caustic soda in the cold sodium 
hypochlorite is formed ; but if the temperature of 
the solution be raised beyond about 50° 0., instead 
of hypochlorite, chlorate of sodium is formed. This 
fact is taken advantage of in the parallel case of 
potash chlorate making. The raw material is 
potassium chloride, and at the cathode caustic 
potash is formed, while, as this percolates through 
the porous diaphragm into the anode compartment, 
and meets with the chlorine of the anode, chlorate, 
and not hypochlorite, of potash is produced. The 
]K>tassium chlorate is then separated by crystallisa- 
tion and is sold. The manufacture of potassium 
chlorate is now almost entirely electrolytic, and one 
of the original and 
largest manufactories 
is at Vallorbes, in 
Switzerland. There 
are other substances 
made on a similar prin- 
ciple, but these are the 
most important and 
most highly developed. 

Figuve 9 is a dia- 
gram of a simple elec- 
MAKINO HYPOCHLORITES trolytio apparatus 
AND CHLORATES demonstrating the 
principle by which 
caustic soda or potash chlorate or hypochlorite is 
manufactured from a solution of chloride. AA is a 
vat; B and C are platinum anode and cathode 
respectively, and I) is a porous partition of unglazed 
earthenware or canvas. If a solution of' tedium 
-chloride (salt) be the electrolyte, chlorine is evolved 
at B, and hydrogen and caustic soda at 0. If, how- 
ever, potassium chloride be continuously run in 
at C, caustic potash is formed, and this, upon 
percolating through the partition to B, and meeting 
with the chlorine, forms potassium hypochlorite. 
If the whole operation be conducted at a tempera- 
ture near to boiling, potassium chlorate, instead of 
hypochlorite, is formed. 

Oeodq and Nitric Acid, Atmospheric air 
consists of a mixture of oxygen and nitrogen. The 
atoms of oxygen are naturally grouped together in 
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pairs, and these pairs are oalled molecules- The 
only difference between oxygen and ozone is 
that the latter consists of oxygen atoms grouped 
together in sets of three. On the principle that 
“ two is company and three is none,” the odd atom 
is always eligible for pairing with the first attractive 
companion. Ozone, then, may be considered an 
unstable form of oxygen, which is more ready to 
combine with other bodies, or to “oxydise” them, ' 
than is ordinary oxygen. Ozone, or rather ” ozon- 
ised air,” is produced by passing a silent high-pres- 
sure electric discharge through ordinary air, some 
of the atoms of oxygen become electrified, and are 
attracted to the unelectrified molecules. 

The cause of its presence near the sea is probably 
the evaporation of the sea spray as it breaks upon 
the shore, for direct electrification is not the only 
means by which air may become ozonised. On 
account of its oxydising or burning properties, „ 
ozone has found many uses. It is a 
powerful disinfectant and germ de- 
stroyer, and on this account is If" I 

coming into use in hospitals, I 

and even in public places of | l|| j 

amusement, in hotels, and 1 j'i fe : 

private houses. It is capable I — XJJljpj 

of destroying many noxious 
germs, such as anthrax, typhus, 
and cholera bacilli, and is there- i f 

fore useful for purifying water fj| 

for drinking, and in rendering 
sewage water harmless. 

The healing properties of 'w 
ozone have undoubtedly been L] 

exploited by those unqualified fr 

to understand them, but the 1, 

fact that the medical pro- I 

fession are seriously re- k 

garding it proves its 
genuine usefulness in many 1 

Small and large ozonis- 10. THE “ OTTO ” ELEO 
ing plants are now being TRIC OZONISER FOR 
constructed by the Lah- sterilising water 
meyer Electrical Co., Ltd., 


TRIC OZONIS ER FOR 
STERILISING WATER 


of London, a small plant designed for domes! io 
me being shown in 10. They consist essentially of a 
transformer and condenser for transforming the 
pressure of the electric mains to a pressure varying 
from 3,600 to 7,000 volts, and the ozoniser itself, 
which has electrodes presenting many points, and 
opposed across glass or other insulators. 

If, instead of a silent discharge, powerful electric 
sparks be passed through the air, nitrio peroxide is 
formed by the union of the atmospheric oxygen and 
nitrogen. The gas, when dissolved in water, forms 
nitrous and nitrio acids, and the manufacture of 
the latter substance by electricity promises to bo 
an important industry in the near future. 


WATER-SOFTENING AND WASTE 
PRODUCTS 

Soft Waters for Domestic Use* 

S laces where the water as ordinarily supplied is 
ard, and both wasteful and unpleasant to use, 
people would do well to remember that prevention 
is better than cure, and turn their attention to 
other and more suitable souroes of supply. Why 
not use rain-water? A simple calculation will 
show that the water from the roof of a house, if 
caught and utilised, would be sufficient for a la-rga 
proportion, and in some eases for the whole of the 
requirements of the inhabitants. In most cases 
such water goes to waste. 
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Ramdval of Impurities. After a shower, 
the first water from the roof of a house carries with 
it a quantity of soot, black, birdlime, etc., which 
would spoil the colour of the rest, and give to it 
other undesirable qualities. By an ingenious con- 


water is not only freed from its mineral con- 
stituents, but it is also rendered sterile. 
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trivance, such as the Roberts Rain-water Separator 
[11 and 12], the dirty portion, consisting of the first 
washings from the roof, is automatically run to 
waste, and the rest, consisting of the clear and good 
water, is stored for domestic use. Such apparatus 
can be purchased from £3 to £6. The saving to the 
household due to the absence of scale in kitchen 
boiler and kettle will quickly pay for tho cost of 
installation. Moreover, such water is by many 
people much preferred for washing and for baths, 
and it goes without saying that the saving in soap 
alone amounts to something substantial per annum. 

For small villa houses and cottages a water butt 
should be 
placed to catch 
the rain-water. 

A rum pun- 
cheon of 100 to 
120 gal. capa- 
city should be 
used where pos- 
sible, and even 
a 40 gal. cask 
is not to be 
despised. 

Soft Water 




11 . ROBERTS RAIN- 
WATER SEPARATOR 
(Impure water passing to 
waste) 


12 . ROBERTS RAIN- 
WATER SEPARATOR 
(Pure water passing to 
storage) 
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by Distillation. Soft 
water is prepared by distillation from sea-water. 
Kxtrcmely efficient appliances for this purpose 
render such water available for industrial an 1 
domestio purposes in seaside places where other 
water cannot be obtained at a reasonable cost; 
Of course, such apparatus is indispensable on 
board ship on long voyages. By such a process 


ever source, 
enters the boiler 



18. DIAGRAM OT BTANHOPB WATER SOFTENER 
(Stanhope Water Engineering Co. Ltd.) 
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Scale in Boilers from Hard Waters. 

But the chief purpose for which water is softened is 
for steam raising. Here, softening is not a matter 
of convenience, but of necessity, to ensure both safety 

and economy. 

As Harold 
Collett stilted : 
“ The waste of 
fuel occasioned 
by scale and 
blowing out 
must be remem- 
bered when con- 

COMPARA7 IVE FE5/STANCE COST sidering tho cost 

(Collett) °f a . watcr S “P; 

ply, from what 

The cost of the water before it 
is a mere nothing compared 
to the cost of evaporating it. Many waters 
would be dear at Id. per 1,000 gal., others are 
cheap at Is.” Hard water wastes in fuel for every 
1,000 gal., according to the thickness of scale in 
the boiler, as shown in the figures above. 

Water-softening by Chemicals. The 
hardness of water may be described as of two kind ■» 
— temporary and permanent -the former so called 
because it can be removed by prolonged boiling. 

Temporary hardness is due to the presence in tho 
water of bicarbonates — that is to say, lime and 
magnesia combined in certain proportions with 
carbonic acid. Bicarbonate of lime is so called 
because it consists of two equivalents of carbonic 
acid and one equivalent of lime ; it is soluble in 
water, and is contained in most natural waters. On 
the 'other hand, carbonate of lime — that is, one 
equivalent of carbonic acid combined with one 
equivalent of lime — is insoluble in watcr, and there- 
fore, if formed, separates out from solution. If, 
therefore, the bicarbonates can bo converted into 
carbonates they will come out of solution ns a 
deposit, which can be removed, and the temporary 
hardness so got rid of. It is obvious from tho fore- 
going that the bicarbonates can be converted into 
carbonates by* removing one equivalent of carbonic 
acid, and this can be done in two ways— cither by 
boiling the water for some time, causing part of the 
carbonic acid gas to be driven off, by whioh the 
bicarbonates are converted into carbonates, or, 
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secondly, by adding slaked limo — that is, pure 
hydrate of lime or calcium hydroxide — in the right 
quantity. One part of carbonic acid in the bi 
carbonate is taken up by this fresh lime, so that 
the soluble bicarbonates disappear with 
formation of insoluble carbonates. 

Peimmcnt hardness, like temporary hard- 
ness, is caused by the presence of certain 
salts in solution in the water, of which the 
more important arc calcium sulphate (sul- 
phate of lime), calcium chloride, magnesium 
sulphate, and magnesium chloride. All 
four compounds affect the test for hardness 
already mentioned. Calcium sulphate gives 
rise to the hardest scale, but can be removed 
by adding soda ash (carbonate of soda) to 
the water. What is known to chemists as 
“ double decomposition ” takes place. Sul- 
phuric acid leaves the lime and combines 
with the soda, wheicby are fo.nu'd sul- 
phate of soda, which does not form scale 
and carbonate of lime, which is removed by 
subsidence (n* filtration. The insolubility 
of carbonate of lime is the prime factor in 
the change 

Water Softened by Heating. 

There are many forms of apparatus used 
for water softening, all of which may be 
said to have been evolved from the same 
simple process first used by Dr. Clark, of 
Aberdeen, which merely consisted in adding 
, dear lime-water to hard water, containing bicar- 
bonate of lime or magnesia in solution. This, by 
combining with one half of the carbonic acid, 
throws down a double precipitate of chalk. Prior 
to Clark’s process water was softened without any 
plant at all. Clark’s process is ex- 
pressed by the equation 
CaH., (CO |) 3 + Ca(OH) 1! =r2CaCO,+2H 
Bicarbonate of Lime Chalk 
lime (soluble) (insoluble) 

The softening of water by heating 
is expressed by the simple equation 
Call* (CO*)* = Ca C<>, + C0 2 4 H jO 

Bicarbonate of Chalk Carbon 
lime (soluble) (insoluble) dioxide 
Upon this principle one or two well- 
known processes are based, notably 
the Continent. Thus we have 
Seham’s apparatus, in which 
water is forced into a dome, pas- 
sing as a fine rain through per- 
forated grids, mounted so that 
the holes do not conic vertically 
over one another, the waste 
steam from the boiler passing 
between and heat ing the water 
sufficiently on its downward 
pussage so as to cause it to 
deposit its lime salts liefore it 
passes into the boiler. We have 
also Howatson’s softener, a cylin- 
drical reservoir containing plates 
arranged in stages in a manner 
so that the water travels in a 
zigzag fashion until it reaches 
the bottom, when it is softened, 
a ball-cock at the bottom regu- 
lating the inflow at the top. For 
further information regarding 
such processes see “ Industrial Use of Water,’ 

H. de la Coux (Scott, Greenwood & Co.). 

The Stanhope Softener. In the Stan- 
hop* Water Softening Process [13 and 14] we 



14. STANHOPE 

CLARIFYING 
TOWER 


have illustrated an effective means of removing the 
sediment by gravitation. The water from the main, 
which is automatically controlled by means of the 
throttle, enters the top tank just in proportion ax 
it is removed from the softened water tank. 
L In its flow through the dividing tank and 
the mixing-pot it drives a water- wheel, 
which in turn drives a mechanical stirring 
apparatus for the lime-water. A continm 
ous stream of dear saturated lime-water 
passes to the mixing pot, together with the 
water to be softened and the soda in pro- 
portion required. It then passes down the 
mixing tower, where some sediment is de- 
posited, and up the clarifying tower [ 14], 
where the rest of the dejiosit is caught by 
settlement on the cones and drops to the 
bottom through the spouts. The softened 
and clarified water emerges from the top. 
The process is entirely automatic, and as long 
as the apparatus is charged, and periodically 
blown off, it can be kept going indefinitely. 

The Collet-Stanhope Water Softener iH 
somewhat different from the foregoing, the 
accompanying illustration being sufficient to 
show in what respect it differs [151. 

The Criton Softener. In the 
ryr.n. Criton water softener \ 16] the hard water is 
(Stanhope Engineer- admitted to a ta nk divided by a partition 
Ltd.) into two unequal portions ; the larger of 
these, which contains a syphon, is called 
the syphon tank , and the smaller the nansunr. 
The top of the partition is 2 in. below the level 
at which the syphon begins to discharge. When the 
level of the water in both compartments has reached 
the discharge point the syphon auto- 
matically discharges the contents of the 
syphon tank into the mixer, leaving the 
other compartment brim full. In the 
syphon tank is a float, which, 
as it descends, lifts, by means 
of a lever, a valve at the bottom 
of tho measurer, and permits 
the accurately measured quan- 
ity of water to run into the 
“limer,” displacing an equal 
quantity of clear lime-water, 
which overflows into the mixer. 
During its passage upwards in 
the “ Timer ” tho water passes 
through a bed of slaked lime, 
and on reaching the top has 
become saturated lime-water. 
The bed of lime is kept stirred 
up by an agitator worked from 
the float of the syphon tank. 

The soda tank contains a 
solution of soda of given 
strength. To the end- of the 
lever worked by the float in 
the syphon tank is attached 
a bucket. When the float 
rises this bucket dips into a 
sump in the bottom of a soda 
tank, and when the float de- 
scends the bucket is raised 
brim full. As soon as it is clear 
of the soda tank it is brought 
into contact with a syphon, 
which discharges the contents of the bucket into 
the mixture. 

It will thus be seen that accurately measure* 1 
quantities of hard water, lime-water, and soda 
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solution are discharged together into the mixer at 
every discharge of the syphon. The capacities of 
the two reagent measures can be easily and rapidly 
varied when required. The discharge of the re* 
agents is exactly dependent on the quantity of 
water to be softened. If this is reduced the syphon 
tunic fills fewer times per hour, 
and consequently the number of 
times the reagent measures, 
discharge is reduced in the 
same proportion. 

The discharges from the hard 
water syphon tank, and from 
the lime and soda tanks, all 
meet at the same time and at 
the same place — namely, the 
mixer, and are violently dashed 
together, thus ensuring an im- 
mediate and thorough mixture. 

From the mixer the treated 
water passes through a down 
pipe to the bottom of the 
settling tank, whence it steadily 
Hows upwards, depositing in 
its progress the heaviest of the 
suspended matters caused by 
the action of the softening pro- 
cess. From here it passes 
through the filter, emerging 
at “filter outlet” soft and 
bright. The filter is cleaned with- 
out the removal of the filtering 
medium merely by opening and 
c’osing certain valves. The 
lime tank is recharged with 
limo daily, and the spent lime 
drawn off. In order to keep 
the plant running it is sufficient 
to have the attention of one 
man for one horn per day. 

The Bruun-Lowener 
Softener. In the square type of the Bnuin- 
bowener water softener [17] the water to be treated 
led through the pipe K into one of the chambers 
f the oscillating receiver, C. When this chamber 
is tilled the centre of gravity is moved, and the 
receiver tips over, pouring its contents into the 
intermediate tank, B, 
below, at the same' time 
bringing the other cham- 
ber of the receiver under- 
neath the orifice of the 
pipe K. On the side of 
the oscillating receiver is 
fixed a semicircular tank, 

D, containing the chemi* 
cals (lime and soda ash 
or caustic soda), and in 
the bottom of this tank a 
valve is fitted, through 
which *the chemicals fall 
into the chamber B. To , , 

the receiver is fixed a I M 

system of levers which at 
every oscillation actuates 
the valve in the bottom 
of the tank D. The lift 
of the valve eon be regu- 
lated by the small nuts fixed on the valve spindle, 
80 * given quantity of chemicals can, by this 

a rmigement, be mixed with the water. 

The lime milk in this apparatus has a strength of 
per cent. ; dear saturated lime-water has on an 
average. a strength of 0T3 per oent. ; the lime milk, 
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therefore, has a strength of nearly 100 times that of 
the lime-water, making it possible to reduce the size 
of the tanks containing the lime in the same pro- 
portion. A further advantage of using lime milk is 
that a certain quantity of freshly burnt lime is mixed 
with a certain quantity of water, a solution being 
obtained, the strength of which 
is always known. In order to 
keep the lime milk in constant 
motion an agitator is fixed inside 
the semicircular vessel contain- 
ing the chemicals, and the oscil- 
lation of the receiver C is utilised 
for driving the agitator. The 
mixture of water and chemicals 
passes from B into the heating 
chamber, H, which is provided 
with a steam nozzle for either 
live or exhaust steam. The water 
is generally heated to a tern* 
jieraturo of about 150 7 F. to 
facilitate the precipitation of 
the foreign matters. However, 
where steam is not available 
the water can, of course, be 
treated cold. From the heating 
chamber the water passes 
through the bypass pipe, G, into 
the settling tank, A, where the 
precipitation takes place. Before 
leaving the tank the water is 
filtered through the filter, which 
is made of wood wool, packed 
tightly between two rows of 
wooden b»>rs. The filter can 
easily be taken out and cleaned 
by removing the top bars, and 
the filtering material can be used 
over and over again, after having 
been properly cleaned. A sludge 
cock, F, is provided for draw- 
The softened and purified water 
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ing off the deposit, 
coining from the filter flows into the storage tank 
O, at the end of the softener, and is drawn there- 
from. The flow of water to the oscillating receiver 
is regulated by moans of a high-pressure float valve, 
fixed on the pipe K, thi ough which the water passes. 

Settling Acceler- 
ated by Agitating. 
Not long after Dr. Clara s 
process had been installed 
an obvious improvement 
suggested itself, the dis- 
covery of which may have 
been a pure accident. In 
Clark’s process the pre- 
cipitate is allowed merely 
to settle in large con- 
crete or iron tanks, and 
the clear water is drawn 
off from the top. The 
precipitation is compara- 
tively slow, but if the de- 
posit at the bottom is 
stirred up each time the 
settlement of fresh de- 
posits is much accelerated, 
on account of the heavier 
crystals entangling and carrying down the lighter 
ones. In early forms of plant, as soon as a charge 
was introduced into the tank it was customary to 
stir up the sediment each time with a paddle or 
mechanical stirrer. This principle is earned out 
in a scientific manner in plant constructed hy 
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(Mather & Platt, Ltd., Manchester) 

Messrs. Mather & Platt, of Manchester [18], 
which can be understood by reference to the 
figures: A, Effluent water inlet; B, tank for 
dissolving chemicals ; C, blower for air and mixing 
chemicals ; 1), perforated rose ; G, three-way tap ; 
11, air tap on blower; Earn! .1, perforated pipes 
for air ; K, floating discharge pipe. The blower 
not only disturbs the sediment, but mixes the 
chemicals. A great saving in time of settling is 
established, ana consequently a greater output of 
softened water is obtained. Furthermore, the plant 
is suitable not only for ordinary softening, but for 
purification. Some waters which are not amenable 
to carbonate of soda and lime treatment alone can 
bo treated by the use of these chemicals in conjunc- 
tion with alum. Water so softened is also rendered 
organically purer, us careful trials have proved. 

The Removal of Grease from Water. 
The removal of limo and magnesia salts, 
although important, is not more so than the 
removal of grease, ns there is no doubt that 
the presence of grease in feed water has been 
frequently the cause of the collapse of boiler 
tubes and other serious casualties. The 
removal of grease from exhaust Rteam 
effected by oil separators, such 
as Baker’s [20], of which there 
are many sizes and patterns to 
meet the various requirements. 

Treatment of Effluents. 

The purification of effluents from 
different works has largely been 
forced upon the manufacturers by 
higislation, but of later years the pro- 
ducts resulting from such purification 
have been found to be of industrial 
importance, and therefore in such 
coses, even if restrictions were re- 
moved, the manufacturers would still 
contiuue the processes of purification 
for their own advantage. An ini|)or- 
tant case in point is the recovery 
of waste liquors from esparto and 
wood boiling [see Paper- making]. 

Where mere subsidence will carry 
down the particles and leave the 

sm 


effluent clear, and sufficiently pure, 
settling tanks, such as were used in the 
early dft}'s, are still employed. In such 
cases the effluent flowed in succession 
zigzag fashion through a series of con- 
crete tanks over cills or partitions. The 
first tanks, of course, received the 
heavier deposit, and the tanks were 
arranged so that one or two at a time 
could be dispensed with while the 
deposit was being removed ; but ground 
space will not always permit a system 
of this kind. Moreover, the quantity 
of effluent capable of being dealt with 
is limited to the settling capacity of the 
tanks, and if great variations take place 
in quality and quantity of effluent, the 
treatment is likely to be unsatisfactory. 
It must be admitted that the Rivers 
Commissioners are very reasonable in their re* 
quire merits, and so long as manufacturers show 
that they are exercising their best endeavours 
to fulfil such requirements they are not unduly 
harassed ; but upon the manufacturer is placed 
the onus of devising a scheme for the treatment, 
of his effluent, and it necessitates a great deal 
of ingenuity on his part to choose between the 
many well-known processes so frequently brought to 
his notice. 

We have known cases where troublesome effluents 
have been treated at very small outlay by 
digging sumps where the ground is impermeable, 
and causing the water to flow over a succession 
of terraces like those arranged for watercress beds. 
Such primitive appliances at times do more to 
satisfy requirements than complex filters. Figure 19 
shows an arrangement of settling tank*. 
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“Reiaert” Automatic Self-cleaning 
Filter. This [21] is used for clarifying turbid or 
muddy water for industrial purposes. The water 
to be filtered is received into the chamber B, and 
fiows downwards, following the course of the arrows 
into the chamber C, and so reaches the filter bed, F, 
through which it percolates, leaving the mud, etc., 
on the upper side of the bod. The filtered water is 
received into chamber V, and finds its way upwards 
via pipe K into chamber R, and finally overflows 
the diaphragm, N, into the filtered- water outlet, E. 
Obviously, the rate of filtration will vary with the 
state of the filter bed and the head of water in B. As 
the filter bed fouls and the resistance to the flow of 
the water increases, the water level in B risos and 
establishes a corresponding level in the pipe L., 
which, it will bo observed, is in connection with C, 
Inside this annular pipe, L, is another pipe, S, which 
extends from nearly tne top of L right through the 
filter bed and receiver V to the waste water channel 
G, forming the base of the filter. As the water rises 
in L, in sympathy with B, there presently arrives a 
time when it overflows at J, and so forms a syphon. 
The current through the filter is 


leaves the saturator, S, at the top, through the pipe 
W, and is carried away into the reaction chamber, I), 
by way of the mixing pipe, E. The soda apparatus 
is charged with strong soda solution once daily, 
and being much heavier than water, it remains at 
the bottom. 

The water flowing from the distributing tank, R, 
through the small micrometer valvo M — which is 
adjusted in accordance with the amount of soda 
required — into the soda chamber, N, remains always 
on the surface of the soda solution (no mixing 
occurs) and displaces the same, it being carried 
through the small pipe from the bottom upwards, 
and into the mixing pipe, E, and finally into the 
reaction chamber, D. Tho softening takes place 
in I), and the water, after softening, passes down 
through tho filter, F, up into the tank X', where it 
overflows into the tank. N is the syphon for flushing 
the filter. In all respects it acts in a similar way to 
the cleansing filter already described [21], 

The “Torrent** Filter. This repre enfs 
a typo with which we have not dealt. It is ex- 
tremely simple, and costs very little for upkeep. 


thus rapidly reversed, the water 
in R flowing back through K and 
upwards through the filter bed, the 
deposit on the niter being thorough- 
ly disturbed and carried into the 
waste channel, G. The chamber 
R is proportioned to contain 





SELF-CLEANING FILTER 22. KEISEKT AUTOMATIC SOFTENER 
20. THE BAKER OIL SEPARATOR (Royles, Ltd.) (Regies, Ltd.) 


sufficient water to effect this cleansing operation 
thoroughly, and as this chamber empties, air enters 
aud destroys the action of the syphon, and the 
cleansing ceases. The filter then resumes its normal 
working. The cleansing operation is repeated as 
often as the state of the filter requires, and is entirely 
automatic. 

The same system is used in conjunction with the 
water softener [22]. This latter is peculiar in its 
construction, and different from any of the foregoing. 
1 he lime saturator, S, is cone-shaped. The charge of 
slaked lime is inserted through tank R' once 

daily. 

By 1 * oohstant uniform water supply from the 
distributing tank, R, which is conducted downwards 
through the central pipe, K, through micrometer 
valve V, the lime paste at the bottom is stirred up 
a ml thoroughly impregnated, so that it rises at first 
partly with the water, until the rapidity of the rising 
w uer diminishes so much, owing to the upward 
widening shape of the saturator, that the undis- 
Prides we no longer able to follow, 
the saturated lime-water, clarified, then 


The great feature of this filter is that the filtering 
medium is cleansed and revivified by introducing 
for a few minutes, at intervals of about ten 
hours, a jet of air under high pressure produced 
by the aid of a steam blower, and at the same 
time admitting a reverse current of water. The 
violent agitation so produoed oauses the whole 
of the filtering medium and contained impurities 
to boil up, as seen in 23. The particles of dirt 
are washed away and discharged through the 
outlet, leaving the filtering medium clean. The 
medium never requires to be replaced by fresh, 
and what little there is lost through the dirt is 
easily made up by the addition from time to time 
of small quantities. The filtering medium is chosen 
to suit the requirements of the particular water 
which is to be treated. There are no mechanical 
moving parts to get out of order. 

Filtration. For laboratory work special 
filters are constructed, the simplest, perhaps, being 
the Kitasatos porous tubes in addition to which 
we have the Chamberland porous filter [25], which 
can be mounted in metal tube with stopcock to fit 
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a water supply. There are also the Massen filter instances, where the water is highly impure, ex- 

candles with porcelain heads [26], and the well- pcrienoe shows that it may be necessary to use a 

known Klein laboratory filter, fitted with Pasteur- quantity equal to two tons per million gallons. 

Chamberlanrl filter tube [24]. The price of the aluminoferrio may be taken at 

For domestic work we have very much the same £2 15s. per ton, in four-ton lots, delivered at railway 

kind of contrivance working under pressure. In station within, say, 50 miles of Manchester or Goolo. 

some of them dirt is quickly removed by the The superior results obtained by this process 

reversal of the current of water. Numerous other have enabled manufacturers in many instances to 

filters and water softeners, both for domestic and utilise the clarifier! water for manufacturing pur- 
manufacturing purposes, have been invented, and poses, and where this has been done, it has been 

are in use. but it has been possible to consider only found that the purification is accomplished pruc- 

Bomo of the typical processes here. One of the tically without expense. 

mod si inple and effective for the clarification of an Recovery of Fibres* Objections are 

ordinary mill effluent is that recommended by Peter raised to effluents from mills containing fibrous 
Sj)enco, to be cm ployed in conjunction ' particles, which may be harmless in them- 
with aluminoferrio, which is now so much |p— r ~ selves but will spoil the appearance of the 

used for the purpose. % ^ ^ t stream. They are frequently collected for 

How to Apply Aluminoferrio. ^ economic reasons and used again in the 

Figure 19 gives a general idea of the method v manufacture. 

of using aluminoferrio, also of a system of Perhaps the simplest appliance for 

settling tanks which, wo think, may with fcjjj catching fibres from effluent is an ordinu v 

advantage be adopted by many manufac- ['*5 “ save-all,** which consists of a revolving 

turers for purifying their waste water. cylinder slightly tapering and revolving 

BB represents the box or cage contain- 42] slowly on a horizontal axis and covered 

ing the aluminoferrio standing in the with fine wire gauze. The water passes 

channel or conduit. PP represents a in ^ 1C small end and drains through, the 

series of baffle plates to insure the ulu- fibre is caught and discharged at the other 

minoferric being thoroughly mixed before end of the drum. The well-known Fullner 

flowing into the tanks. The two tanks Sr Separator, which takes the fibres out by n 

shown may bo used in two different ways o process of settlement, has now become a 

as may best suit the special circumstances 24. part of the general equipment of a mill, 

of each manufacturer. KLEIN *S LABORA- After this clarification process, the fibre 

They may be used independently by open- TORY filter collected is used again in the manufacture, 
ing A and (J and closing E and M. Tin Wo do not profess to deal with the sub- 

treated water will thus pass into both tanks, where ject of sewage purification [ ee pig?. 45471 , but then- 

precipitation will take place, and, when full, will is no hard and fast line dividing such purification from 

flow over the sill at the end, and, 11 and J being that of mill effluents, because the latter includes 

open, the clarified water will pass away into the many cases which require to lie submitted to similar 

outfall. treatment to sewage, as, in addition to removing 


Alternately, C and E and M being closed, the 
treated water will flow into tank X, and passing 
forward will overflow into the channel at the end, 
and H and J being also closed, the water will flow 
into tank Y, and F and G being open, will flow into 
the side channel and pass away into the outflow 
as in the first instance. Or the working as described 
may be reversed by closing A and M and opening 
K and L, 

With regard to the quantity of aluminoferrio 
which may be required, this 

t necessarily depends upon the 

degree of impurity present in 
. AT 4 **'’ the water. In some cases a 
II j toil will bo sufficient to purify 
III a million gallons. In other 


2& torrent filter in process of being cleaned 

(Pulsometer Engineering Co., Ltd.) 


chemical impurities, it becomes frequently necessary 
to destroy organic contamination. We have, there - 
fore, practically all the methods of sewage purifica- 
tion employed in conjunction with existing works 
on effluents, even to the bacterial process. 

Can Waste Products be Utilised ? 
There arc many so-called waste products which arc 
now turned to useful account, and therefore no 
longer regarded as such. In fact, as we all know, 
there should be no such thing as a waste product. 
Whether or not it can be utilised becomes merely 
a question of £ s. d. 

We have to inquire under what conditions the 
recovery process and utilisation of waste can be 
carried out economically. To answer this question 
there are several factors to be taken into considera- 
tion. Quite apart from the nature of the products 
we must know the quantity to be treated, and, 
what is even more important, the state of dilution. 
Often the quantity is insufficient to pay for re- 
covering, even although excellent processes may 
be elsewhere in operation. If waste 
liquors are to be treated they must not 
Ep ' be too dilute ; thus it pays to recover the 

| alkali from esparto liquors but not from 

j | rag liquors, as the latter are usually too 

| di'ute and the cost of evaporation would 

J ZFnlZZ be too great. It might, however, pay 

H Amr where esparto and rag liquors are treated 

KB together. 

j 9| As another illustration, we recently 

examined a quantity of waste fibrous 
material with a view to utilising it 
ANED finding a suitable outlet We found that 
the material yielded, on dry distillation, 
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a high percentage of acetic acid and wood spirit ; 
but although some hundred tons were available 
per anntun, the quantity was too small for a plant 
to be constructed to work it economi- 
cally. In such a case the only alterna- 
tive is to look around for similar waste 
products which could be treated in the 
same plant. 

Slag and Mineral Refuse. 

Considerations such as we have out- 
lined above apply to practically all 
waste products, 'fake, for instance, the 
case of blast furnace slag. Enormous 
quantities of this material have been 
accumulating, and may be seen as huge 
mounds or heaps by the side of the 
furnaces. Numerous projects have been 
put in hand for utilising this waste, 
but consider some of the initial diffi- 
culties. In many parts furnaces are 



on brewers’ grains [sec Brewing], and numerous 
other so-called “ waste products,” of which not 
an ounce is really wasted. 

Sometimes the waste is employed again in the 
same factory in which it was originally produced, 
as in the case of metals melted down for use 
again, or in the “ regeneration ” of waste rubber. 
Perhaps coal-tar is the most striking instance 
of what was once but can no longer do regarded 
as waste [sec page r 46 1 ]. 

One of the most troublesome souroes of con- 
tamination to streams is the effluent 
from flannel mills which is derived from 
the processes used in washing wool. 
Wool always contains a proportion of 
fatty substances, the greater part of 
which, however, resemble fat only in 
appearance, and not in chemical pro- 
perties. These consist of a body termed 
clidwterinc, belonging to the class of 


scattered up and down the country in 25. chamber* massen’s substances known to chemists ns 
twos or threes, and to utilise the slag land porous filter afcohols. Chemically, wool fat is more 


economically it must be worked up on 
the spot. Wc will suppose plant and 
machinery is installed, what is to happen when 
that particular heap of slag is exhausted, and it 
costs too much to bring it from a distance ? 
Nevertheless, slag is being employed for a number 
of purposes. In many parts it is used as a road 
metal, although not very suitable for this purpose. 
It is also usod for making bricks, paving slabs, wall 
copings, ornamental blocks, etc., with the addition 
of lime and cement as bonding agents. Other waste 
materials, such as slate refuse, clinkers from destruc- 
tors, stone chippings, and even sand may be similarly 
treated. These materials are first fed into a heavy 
revolving grinding mill, and reduced to fine powder 
by passing through screens and returning the coarse 
stuff to be reground, as described in the manufac- 
ture of ordinary bricks [see page 1278]. The result- 
ing ground material is then measured out with the 
“ bond,” whether lime or cement, in the correct 
proportions, and delivered into a mixer under a 
spray of water, and thence the material passes to 
the mixing pan — a machine similar to, but lighter 
than, the grinding mill, and, when reduced to the 
correct consistency, it is conveyed 
to the brick-making machine. 

The moulded bricks are dried 
either in the usual manner by air 
hardening or by a more rapid pro- 
cess. By heating the bricks in an 
autoclave [27] under 120 lb. steam 
pressure, they oan be hardened and 
ready for the market in 24 hours. 

Blast fumaoe slag and Portland 
cement resemble one another in 
composition, and successful at- 
tempts have been made to prepare cement front 
this material, but in spite of all inventions there is 
plenty of slag left for the chemist to work upon. 

Other Examples. Numerous examples of 
the utilisation of waste products will be found 
in studying any industrial process. Thus, the glue- 
maker depends on the waste pieces of hide or leather 
clippings and the wagte bones from the slaughter- 
house or dust heap [see page 5357 j. The manu- 
facturer of animal black uses waste animal refuse 
of all sorts. The fanner feeds his stook on cotton- 
J® 6 ® or linseed cake, from which the valuable oil 
has been extracted [see Cattle Foods], on bran 
and pollard from the Hour-mill [see page 3078J, 


candle difficult to decompose than ordinary 
fata, and, in consequence, hangs about 
and contaminates any water or stream into which 
it finds its way. As potash is used in wool-washing, 
it pays to evaporate the waste liquors instead of 
allowing them to become an effluent, and, after 
concentration, to ignite them, when the potassium 
is recovered in the form of potassium carbonate. 
The ash is lixiviated, and the liquor used over 
again for wool-washing. 

One of the waste products for which no really satis- 
factory use has been found consists of the sulphite 
liquors remaining over after the preparation of wood 
pulp [see Paper-making]. These liquors have been 
worked up for the separation of sizing materials, 
but without much commercial success. The latest 
attempts lie in the direction of the production of 
cattle foods, but reliable data are not yet to hand. 

Perhaps one of the most difficult of all problems 
is the utilisation of town refuse. A large propor- 
tion of the solid matter is of a nitrogenous 
nature, and were it in the same suitable 



27. 


•JOHNSON S AUTOCLAVE, OR HARDENING CHAMBER 
(William Johnson & dons, Leeds) 

condition as it is sometimes found in country dis- 
tricts, it would prove a most valuable manure. 
Unfortunately, in largo towns and cities it becomes 
diluted with such large volumes of water that the 
economical separation of the more valuable con- 
stituents becomes one of the most difficult problems 
with which we are faced. On the other hand, wc 
oannot but view with concern the large quantities 
of combined nitrogen which are constantly being 
removed from the soil and deposited in the sea. 
'fihe solid matter of town refuse is now frequently 
burnt, combustion taking place in special furnaces 
or destructors. In many towns the heat so pro- 
duced is utilised for steam-raising. 


Continued 
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A GUIDE TO DENTAL STUDY 

How the Student Qualifies for Practice. • Course ot Study and 
Examinations. The Student in the Hospital. The Higher Degrees 


THE medical and dental professions are both 
* under the control of the General Medical 
Council, appointed by Act of Parliament, whose 
headquarters are at 299, Oxford Street, lxmdon, 
W. The duties of the Council are concerned 
principally with the registration of doctors and 
dentists, such registration being held to confer the 
legal qualification to practise the profession of 
medicine or dentistry, as the ease may be. There 
are a number of universities and colleges which 
conduct examinations and confer diplomas or 
licences in accordance with the result of these 
examinations, and the Council, subject to the 
approval of the Privy Council, determines what 
licence so conferred shall be accepted as evidence 
that the holder is possessed of adequate knowledge 
and skill. The Council bases its decision in each 
case upon a consideration of the requirements of 
each examining body, and the standard of its 
examination ; and, if it is satisfied, it has the 
power of enrolling the name of the licensee upon 
the register, which it is its duty to prepare and 
publish from time to time. 

The Dentist’s Education. Before con- 
sidering in detail the course of study prescribed 
by the Council and the Examining Bodies 
recognised by the Council, it will be well to 
make a few remarks upon the preliminary 
education which should precede the special study 
of dental surgery. In preparing for the practice 
of dentistry it will be seen that some importance 
attaches to the kind of education which a boy 
whom his parents wish to educate as a dentist 
is to receive at school. 

Dentistry is to a great extent a handicraft, 
and its successful practice demands manual skill of 
a high order. Long before the st udent begins his 
special work, much can be done to endow the 
fingers with suppleness and the mind with 
mechanical aptitude. Finger-training can hardly 
be started too early ; at school, the special classes 
which have this object in view — such as carpentry, 
Sloyd work, and working in metal — should be 
attended; while out of school hours every en- 
couragement should be given to tastes which turn 
in tho direction of mechanical engineering. The 
piano and violin, too, provide valuable forms of 
finger training, and the time spent in learning to 
play these instruments will, even from this point 
of view, not be wasted. Again, the relation of a 
dentist towards his patients being of so personal 
a character it is of great advantage to the former 
that he should be possessed of a good education ; 
but when a choice has to be made between 
literary and scientific studies, the preference 
should undoubtedly be given to the latter. Sdfch 
a choice has generally to be made at some stage 
of sohool education, and it will then be advisable 
not to pursue the study of languages and general 
literature if this involves the sacrifice of time 
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which might be devoted to chemistry and 
physics. 

Preliminary Examination. The General 
Medical Council holds that the prescribed period 
of bona fide dental education begins with the 
registration of the student as a dental student, 
and, before it will consent to register a student, 
the latter must produce evidence {a) that he is at 
least 16 years of age ; (6) that he has actually 
begun t ho study of dentistry ; and ( c ) that he has 
passed a recognised preliminary examination in 
the subjects of general education. [See Schedule 
of Examinations] 

It therefore follows that during a boy’s last 
year or so at school he should be prepared for 
one or other of the preliminary examinations in 
the subjects of general education. The Council 
has decided that the preliminary examination 
chosen must be a test of proficiency in these 
subjects : 

(1) English grammar, paraphrasing, compo- 
sition ; English history, and geography. 

(2) Latin grammar ; translation into English 
from unprescribed Latin books ; translation into 
Latin of a continuous English passage and of 
short idiomatic English sentences. 

(3) Mathematics: arithmetic, algebra (including 
easy quadratic equations), geometry (including 
the subject matter of Euclid, Books I., II., and 
111., and simple deductions). 

(4) One of the following subjects : 

{a) Greek : Grammar, translation into English 
from unprescribed Greek books, translation into 
Greek of short idiomatic English sentences ; or 

(6) A modern language : Grammar, translation 
into English from unprescribed books, translation 
of a continuous English passage and of short 
idiomatic English sentences. 

The Standard of Proficiency. Full 
information as to the examinations which 
are recognised by the Council as constituting a 
fair test of proficiency in the subjects of general 
education can be obtained at the offices of the 
Council, and it is unnecessary to do more than 
refer to the following as typical examples which 
will serve to indicate the standard of proficiency 
demanded : 

(а) Junior Local Examination of the Univer- 
sities of Oxford and Cambridge. 

(б) Matriculation Examination of the Universi- 
ties of London, Manchester, Liverpool, Leeds, 
Birmingham, Wales, and Ireland. 

(r) Preliminary Medical Examination of the 
College of Preoeptors and of the Royal College 
of Physicians and Surgeons in Ireland. 

(d) Examination for first-class certificate of 
the College of Preceptors. 

Choice of examination is naturally to be 
determined in many oases by the age and 
abilities of the student, and the locality of his 
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home or school ; but it should be said that, where 
possible, preference should be given to the matric- 
ulation examination of some university, since 
success here is the first step towards obtaining 
any degree conferred by the University ; and this 
•the student may well at some time desire to 
follow up by taking one or other of the degrees. 

Apprenticeship. The preliminary ex- 
amination having been disposed of, the next step 
for the student is to apprentice himself to a 
registered dental practitioner, who undertakes 
to instruct him in dental mechanics. A word of 
explanation is hero necessary. Reference has 
been made to that part of the dentist’s work 
which consists of the fitting of artificial teeth 
to the mouth, to supply the place of those 
teeth which have been removed. Neglect to 
preserve the natural teeth, and the consequent 
recourse to extraction for the relief of pain and 
unhealthy conditions, result in the frequent 
need for artificial substitutes ; this branch of 
dentistry is consequently very important, and 
occupies a large portion of the dentist’s time 
and energy. A great deal of the work can, how- 
ever, be done in the absence of the patient, if 
an accurate model or copy of the jaws bo first 
made in plaster of Paris. A dentist, therefore, 
needs a workshop where the purely mechanical 
part of the work can be done ; and, if he has 
a sufficient number of patients to occupy his 
time day by day, it is obviously economical 


for him to employ workmen to undertake the 
work which can be done on the model. This work 
is called dental mechanics, and it is in order that 
he may learn the principles and practice of dhis 
work that the student is apprenticed. 

Study of Dental Mechanics. The 

General Medical Council prescribes that three 
years shall be spent in the acquisition of 
this knowledge and skill; and, although the 
regulations allow that one year should run 
concurrently with a year of the hospital instruc- 
tion, which naturally follows the apprenticeship, 
it is certainly better, unless the abilities of the 
student are very exceptional, to devote the full 
three years to the study of dental mechanics. 
Unless the student lives near the hospitals 
where his education is being carried on it is, of 
course, essential that he should complete the 
three years of his apprenticeship before he 
joins the hospitals ; but even where this is not* 
the case, the importance of a thorough grounding 
in the work both for its own sake and for the sake 
of the finger- training which it affords, renders 
it desirable not to curtail the time specially 
devoted to learning dental mechanics. 

TerniB of agreement are consequently drawn 
up, in accordance with which the pupil or ap- 
prentice attends in the work-room during stated 
hours of the day for a period of two or three years. 
He is under the supervision of the dentist, whose 
duty it is to see that he is properly instructed. 


SCHEDULE OF EXAMINATIONS FOR DENTISTS 

Before entering for these examinations students are required to have passed a Preliminary ICxami nation in Arts, 
such, for example, as the Matriculation. |For particulars see text.] 


Examining Body, Time and Place of Examination. 


Hi ijjki IK 


Exanika'i 


ion. 


Eci k and Age 
I -hint*. 


Royal College of Surgeons, London 

1. Preliminary Science Examination. 

January, March, July, and October 

2. First Professional Examination. 

May and November 

3. Second Professional Examination. 

Part I. May and November 
Second Professional Examination. 

Part IE May and November 


Chemistry, Physics, Practical Chemistry 

Dental Mechanics, Dental Metallurgy 

General Anatomy, Physiology, Pathology, and Surgery. 

Dental Anatomy and Physiology, and Dental Surgery 
and Pathology 


Royal College of surgeons, Dublin. 

1. Primary. February, May, and Novem- 

ber 

2. Final. February, May, and November 


Physios, Chemistry, Metallurgy, Anatomy, Physiology, 
Histology, Surgery 
Dental Mechanics, Dental Surgery 


Faculty of Physicians and surgeons, 
Glasgow. 

1. First. Division I. March, June, October 

Division II. March, June, October 

2. Final 

Royal College of Surgeons, Edinburgh. 

1. First April, July, November 

2. Second. April, July, November 


Chemistry and Physics 

Human Anatomy and Physiology 

Surgery, Medicine, Dental Anatomy, Physiology, 
Pathology, Mechanics, and Metallurgy. 

Chemistry and Physics, Anatomy and Physiology . . 
General Surgery, Medicine and Therapeutics, Dental 
Anatomy, Physiology, Surgery, Pathology, Mechanics 


£3 3 0 

£2 2 0 

£2 2 0 

£3 3 0 
and 

£10 10 0 
for diploma. 
21 years. 

£10 10 0 
17 years. 
£10 10 0 
21 years. 


£3 3 0 

£3 3 0 

£9 9 0 

21 years. 

£5 5 0 

£10 10 0 
21 years. 


Victoria University, Manchester. 

1 . First June and September 

2. Second. May and November . . 

3. Third. March and July . . 

4. Final. March and July . . 


Chemistry and Physics 

Dental Mechanics and Metallurgy . . . . . . 

General and Dental Anatomy, Physiology, and His- 

Surgcry, Operatic Dentistry, Dental Surgery and 
Prosthetics. 


£2 

£2 

£3 

£3 

and 

£5 5 0 
for Diploma 
21 years 
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The work is so essentially practical in nature 
that little theoretical instruction is given, and 
it is learnt bit by bit from the mechanic or 
workman employed by the dentist. The pupil 
watches the mechanic at work, and carries out 
the practical instructions which the latter gives 
him. By constantly carrying out the various 
processes involved, he gradually acquires the 
necessary skill and knowledge of the materials 
and appliances with which ho has to deal. To 
most young men the work is at first far from 
interesting, involving as it docs a large amount 
of sheer drudgery ; and a good deal of the work 
can only be described as grimy. Its importance, 
however, cannot be exaggerated, and interest 
increases with application and the steady pro- 
' gress of familiarity with the varying processes. 

The Dental Pupil in the Hospital. 
Of recent years several of the dental hospitals 
. have inaugurated the practice of receiving 
pupils in the work-rooms attached to them. 
The principle is exactly the same, the pupil 
being in this case apprenticed to one of the 
registered dental practitioners who attend the 
hospital as members of the honorary staff ; 
but the system offers certain advantages to the 
pupil which arc well worth considering. The 
pupil has the advantage of being connected 
with the hospital from the first, and has conse- 
quently the opportunity of becoming acquainted 
with the hospital system before he enters as a 
student ; he is better able to appreciate the im- 
portance of learning his work thoroughly ; he 
is associated with others -who are in the same 
position as himself, and is, therefore, from the 
first brought under the influence of a healthy 
rivalry. Further, the methods of working which 
he is taught are generally more up-to-date 
than those which prevail in most private work- 
shops. Ho is able to attend lectures dealing with 
his subject, which should counteract the natural 
tendency to become a mere rule-of-thumb 
workman ; his instruction is generally better 
systematised, and the mechanic from whom 
ho loams his work is usually appointed specially 
for the purpose of instructing, and is consequently 
better able to teach him than the average 
mechanic in a private workshop. 

The Private Pupil. On tHo other hand, 
a private dentist who conscientiously perforins 
his duty towards his pupil should bo able to 
give perfectly adequate instruction ; the private 
pupil has the advantage of gaining some 
insight into the conduct of a practice, which 
is valuable to him later on ; ho may gain useful 
experience if he is invited sometimes to assist 
in the surgery ; he is more immediately under the 
supervision of the dentist to whom he is appren- 
ticed, and it often happens that a dentist is willing 
to take his apprentice, after lie is fully qualified, 
as his assistant, and subsequently his partner. 
In many cases questions of economy and con- 
venience will, of course, have to determine the 
choice between these two alternatives. 

As soon as the pupil has entered upon his 
. apprenticeship he should be careful to register 
himself with the General Medical Council as a 
Dental Student. 
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During the period of his apprenticeship, in 
addition to the work whioh he nas to do in the 
work-room, it will be well for the pupil to begin 
to prepare himself for his next examination. 
This is the preliminary examination conducted 
by the various examining corporations whose 
licence in dental surgery is recognised by the 
General Medical Council, for the purpose of 
registration as a dental practitioner. The 
following is a list of the licensing corporations 
recognised by the Council : 

The Royal College of Surgeons of England. 

The Royal College of Surgeons in Ireland. 

The Faculty of Physicians and Surgeons of 
Glasgow. 

The Royal College of Surgeons, Edinburgh. 

Victoria University, Manchester. 

The ITniversites of Dublin, Liverpool, Leeds 
and Sheffield. 

The requirements of the various examining 
bodies vary both as to the subjects of examina- 
tion and as to the standard of knowledge de- 
manded. All include the subjects of chemistry 
and physics ; the Corporations of Glasgow, 
Edinburgh, and Ireland, also require anatomy 
and physiology, while the Irish College takes 
the subject of general surgery in addition. 
At Glasgow and Manchester women are admitted 
as candidates for the licence. 

Preliminary Science Examination. 

At the offices of the various corporations full 
information can be obtained concerning the sub- 
jects in which the student is examined, and 
synopses are supplied which indicate' sufficiently 
clearly the range of knowledge over which the 
examination will extend [see also Scliedulej. 
For the purposes of this article it w ill be sufficient 
to discuss from this point onwards the require- 
ments of the Royal College of Surgeons of Eng- 
land, which will serve as an example. 

The first examination of the Royal College of 
Surgeons of England is called the Preliminary 
Science Examination. The subjects of examina- 
tion are these : (a) Chemistry, (b) physics, and 
(c) practical chemistry. The subject of chemistry 
is held to embrace a knowledge of the general 
elementary principles of chemistry, *and the 
general character of the chief types of inorganic 
matter — hydrogen, oxygen, nitrogen, carbon, 
halogens, sulphur, phosphorus, and the com- 
moner metals and their compounds; general 
character of the chief types of organic com- 
pounds — methane, ethane, ethylene, acetylene, 
chloroform, alcohol, phenol. Physics includes 
the elements of general physics, heat, light, sound, 
and electricity. Practical chemistry includes 
simple qualitative analysis, volumetric analysis, 
and preparation of salts. Full synopses can be 
obtained from the secretaiy of the Royal College 
of Surgeons, Victoria Embankment, E.C, 

Instruction in these subjects has to be obtained 
from educational bodies which are recognised 
by the College as giving instruction cf the 
standard required. A great number of teaching 
institutions existing in this country are recog- 
nised by the College, and, without gjving « 
complete list, the following may be mentioned as 
typical examples: Municipal Techpical Schook 
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of Manchester, Leicester, Halifax, Hull, Derby; 
Polytechnic Institutes of Regent Street W., 
Chelsea, and Battersea ; and many public schools. 

Course of Study. During his apprentice- 
ship the student will, therefore, be well advised to 
take a course of instruction in the subjects of 
the Preliminary Science Examination, if there 
exists in his locality a teaching institution 
recognised by the Royal College of Surgeons. . 
If possible, it will, of course, be better to attend 
the scientific lectures and classes during the 
evenings, as in this case the theoretical studies 
will interfere as little as possible with the work 
which the pupil is doing in the work-room. 
This is a matter of some importance, and, if 
it can be arranged that the pupil shall leave 
his dental work at five o’clock — as is generally 
the case — he has a long evening before him for 
his classes and recreation. When he is, in the 
opinion of his teachers, sufficiently prepared, 
he will present himself for examination, having 
obtained from the school a certificate of having 
attended the lectures and classes to the satis- 
faction of his teachers. This certificate has to 
be forwarded, with other requisite forms, 
when application to be examined is made. 

If, after this examination has been successfully 
passed, sufficient time has still to elapse before 
the period of apprenticeship comes to an end, 
the pupil will do well to take up the elementary 
study of those subjects which are subsequently 
to occupy his mind so largely. 

As an elementary book, the late Professor 
Huxley’s “ Elementary Lessons in Physiology,” 
or the smaller, but more up-to-date/ 4 Physiology 
for Beginners,” by Professors Sir Michael 
Foster and L. E. Shore, may be recommended ; 
while any time spent in familiarising himself 
with that part of the study of anatomy which 
is concerned with the bones of the skeleton, 
will well repay the student when he comes to 
tackle this subject in earnest at the hospital. In 
some cases it will be well to start forthwith pre- 
paring for the next examination, and with this 
end in view the student should obtain one of 
the numerous books on the theory of dental 
mechanics — such as Richardson’s — and at the 
same time begin the study of “ Dental 
Metallurgy” (E. A. Smith). 

As the three years of apprenticeship draw 
near their close, steps should be taken to enter 
the pupil as a student at both a general hospital 
and one of those specially devoted to dental 
surgery, in order that he may start the pre- 
scribed hospital course. 

The Student 9 * Hospital Course. Here, 
again, choice has to be exercised between several 
institutions. We give a list of the principal 
educational bodies which are recognised ; 

London. Royal Dental Hospital and School 
of Dental Surgery, Leicester Square ; National 
Dental Hospital and College, Great Portland 
Street ; Guy’s Hospital Dental School. 

Manchester. victoria Dental Hospital and 
Victoria University. 

Liverpool. Liverpool Dental Hospital and 
University College. 

Birmingham. Dental Hospital and School. 


Bristol. University College. 

Edinburgh. Incorporated Dental Hospital 
and School. 

Glasgow. Dental Hospital and School. 

Dublin. Incorporated Dental Hospital and 
Dublin University. 

Sheffield. University and Dental Hospital. 

Leeds. University and Dental Hospital. 

Newcastle. University and Dental Hospital. 

The factors which must determine the student's 
choice of hospital are naturally several, and will 
vary in different cases. Men thoroughly cap- 
able of performing the work which their pro- 
fession entails have received their education at 
each and all of the hospitals mentioned. 

Choice of a Hospital. The larger 
hospitals, of course, afford the opportunity 
of somewhat wider and more varied experience, 
are, generally speaking, more efficiently equipped, 
and served by lecturers and instructors of 
higher powers and distinction. But this is 
compensated for, to some extent, by the more 
personal relations which subsist between the 
students and staff of a smaller hospital. It 
is specially worthy of consideration that there 
is a tradition attaching to certain centres of 
education and certain hospitals ; and the fact 
that a dentist has been educated at a dental 
hospital which has a high reputation in the 
profession, and bears a name with which the 
general public is familiar, will naturally give 
him a better standing than he would have if the 
case were otherwise. This point tells especially 
in favour of the group of London hospitals. 

The student has not only to attend classes 
and perform operations at a special hospital 
devoted to dentistry, but also to take a 
rescribed course of instruction at a general 
ospital ; and it is best to enter as a student 
at both hospitals simultaneously. 

The Student in the Hospital. Guy’s 
Hospital, for instance, embracing as it 
d(X5S both a general and dental department, 
offers special facilities ; while students at the 
Royal Dental Hospital of London and the 
National Dental Hospital respectively, will find 
Charing Cross and Middlesex Hospitals most 
convenient for their purpose. The Royal College 
of Surgeons directs that at least two years 
should l)e spent in attendance at a recognised 
dental hospital, and the same period at one of 
the general hospitals ; but it is permissible and 
quite usual to take the two courses concurrently, 
the whole of the hospital course being thus com- 
pleted in two years. 

The subjects in which instruction is to be 
received are determined and clearly stated by 
the College, and the student when he presents 
himself for examination has to produce certificates 
to show that he has attended the necessary 
classes to the satisfaction of his teachers. 

The two years spent in this work should be 
very busy ones, for the time prescribed is 
certainly not too long for the work which has 
to be performed. The student should realise 
to the full that his future career depends largely 
upon the use which he makes of the opportunities 
which the hospital course affords, bearing in 
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mind not only the examinations which loom 
large in the immediate future, but still more 
the surer test of private practice during the 
years to come. 

During the first few months of his hospital 
career, in addition to the lectures which he has 
to attend, the student is instructed how to 
perform the various operations involved in the 
practice of dental surgery. At first he learns 
to operate upon models, blocks of ivory, or 
teeth which have been extracted; and when, 
in the opinion of his teachers, he has acquired 
sufficient skill, ho is drafted into the operating- 
room, and has to attend to actual patients under 
the direct supervision and with the help of 
specially appointed instructors and demonstra- 
tors, who are selected from the ranks of qualified 
dentists. 

The Two Professional Examination?, 

The first examination which has to be faced 
after the hospital course has been begun is 
called the First Professional Examination. 
This should be taken after the student has been 
attending the hospital for six months, and the 
subjects in which his knowledge is tested are 
dental mechanics and metallurgy. The ex- 
amination is conducted partly by means of 
written papery, partly by means of practical 
work, the student being required to carry out 
some piece of mechanical work which he has 
learned to do during his apprenticeship. After 
eighteen months’ further study and practice at 
the hospital, he should present himself for the 
final test. 

The second professional examination is 
divided into two parts. Part I. embraces the 
subjects of general anatomy and physiology, 
general pathology and surgery ; Part II. 
deals with dental anatomy and physiology, 
dental pathology and surgery, and practical 
dental surgery. The student has attended 
some of the classes at a general hospital 
which are primarily intended for students who 
wish to take a medical qualification, and his 
examination deals in part with the subjects of 
medical and surgical education. Tho examina- 
tion consists of questions to be answered on 
paper, questions asked viva voce by the ex- 
aminers, and actual operations in dental 
surgery required to be performed. 

. Qualifying for L.D.S. The College of 
Surgeons has recently given permission to 
the effect that the student may elect to be 
examined separately in the two subjects on 
condition that Part I. be taken first, and 
this course presents certain obvious advan- 
tages. Part II. may not be taken until six 
months have elapsed since the student passed 
the First Professional Examination, but may 
be taken at any time after this. 

The examinations having been successfully 
passed, the student is entitled to receive 
the diploma or licence of the College of 
Surgeons, and should proceed to the offices 
of the General Medical Council in order to be 
enrolled on the register as a dental practitioner. 
His title is now Licentiate of Dental Surgery, 
fojc whio| the initials L.D&. are an abbreviation. 


With this qualification the dentist is entitled 
to enter upon private practice, and his hospital 
education may be considered to be at an end. 

He may, however, if he choose, render himself 
more efficient in one or both of two ways. 
Attached to the dental hospitals are a number 
of young qualified practit oners who act as 
house surgeons. A number of such posts are 
held at a large hospital, candidates being selected 
by the governing body of the hospital, and the 
student will be well advised to undertake these 
duties. 

The Higher Degrees. The other method 
by which tho dentist can increase his efficiency 
is by pursuing his studies still further, and 
acquiring additional qualifications or degrees. 
Probably the wisest course is to take one of tho 
medical or surgical qualifications, and of these 
the most serviceable is perhaps the diploma 
granted by the combined board of the Royal 
College of Physicians of London and the Royal 
College of Surgeons of England (L.R.C.P., 
M.R.C.S.). The advantages of this additional 
study and diploma are considerable. It 
has been shown that the curricula of educa- 
tion of the medical and dental student at a 
general hospital are identical up to a certain 
point, so tli at within these limits the full medical 
education only amounts to a more intimate 
knowledge of the different subjects, which adds 
greatly to their interest ; while the wider range 
and more scientific character of the medical 
education tells beneficially upon the quality of 
the knowledge which tho dentist has to acquire 
and use in his daily practice. The additional 
qualification gives the dentist a better standing 
in his profession, and tells in his favour if ho 
wishes to obtain appointments on the staff of 
a hospital ; and it also allows him a definite 
choice between two professions. It is, at any 
rate, a wise course to enter for the medical 
examinations which are held in those subjects 
which are learnt by both the medical and 
dental student ; and the further course, which 
involves two and a half or three years’ additional 
. study, may then be taken. 

An alternative plan to this is to visit the United 
States of America after taking tho English dental 
diploma, there study at one or other of the dental 
hospitals, whore valuable experience can be gained, 
and acquire the degree of Doctor of Dental Surgery. 
The dental degrees granted by the Universities of 
Birmingham, Manchester, Dublin and others are 
also recognised as attesting a riper knowledge and 
enhanced skill, while the special study- directed 
towards tho acquisition of a university degree in 
arts or science should mean increased efficiency. 

The Dentist’s Balance-sheet. It is 
of importance, from the parents* point of view, 
that some indication should be given of the 
expenses involved in the training of a student 
for the practice of dentistry, the cost of th:’ 
materials and furnishing necessary in setting up 
in practice, and the tpaount of remuneration 
which he may be likely to earn. Such estimates 
can of necessity be only approximate at the best. 
Accommodation is naturally more expensive 
in one town than another, and the expense of 
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London lodgings must be taken into considera- 
tion. The cost of board and lodging is, for 
instance, so uncertain an amount, that in the table 
which follows it has been thought better to give 
no estimate at all. 

It should be remembered also, that success at 
the first attempt in the several examinations is 
by no means universal, and failure generally 
involves the payment of additional fees to the 
hospitals and examining bodies, and an additional 
course of study for three or six months. It is, in 
some cases — although not generally — wise to 
undergo a course of special instruction from a' 
tutor who coaches or prepares students for the 
examinations, and this may involve an additional 
fee of ten guineas, whieh has to be added. 

Initial Expenses. We will consider first 
the cost of the licence in dental surgery of the 
Royal Collego of Surgeons. The fees for registra- 
tion as a student and, after the examinations 
have been passed, as a dental practitioner, 
amount to £5. The cost of apprenticeship varies 
according to the locality and the professional 
status of the dental practitioner to whom the 
pupil is apprenticed, but the average charge 
may be taken as 100 guineas. For the special 
course of study and practice at a dental hospital 
extending over two years, 50 guineas is, approxi- 
mately, the fee generally charged in the metro- 
polis, while at the provincial hospitals £25 is the 
more usual fee. The fee charged for instruction 
in the subjects required, and the prescribed 
attendance at a general hospital, varies from 
50 to 60 guineas. 

The student on joining the hospital is required 
to provide himself with a set of tools and instru- 
ments, the cost of which, together with the cost 
of replacing those which are lost or worn out, 
and keeping them in good repair, cannot bo 
estimated at less than £ii(). 


and Surgeons — as is strongly recommended — w© 
have to take also into account, in addition to the 
cost of living for an additional three years, the 
following items : 


£ h. d. 

Registration ft 0 0 

Hospital education (13 (I 0 

Examinations 38 17 0 

Instruments and books , . . . 10 0 0 


£116 17 0 


Some indication having been given of the out- 
lay necessary to equip a dentist for the proper 
performance of his work, it remains to refer to 
the other side of the balance-sheet, and to point 
out in what way the expenses can be set off by 
remuneration. In the first place, therefore, it 
ean be stated that although the training and 
equipment of a dentist is both long and expensive, 
and the examinations entail much study and 
application, the profession is not over-crowded, 
and a capable dentist is still in request in most 
towns. 

Profits. The profits of a busy dental practice, 
of course, may vary greatly in accordance with 
the capacity of the dentist and the wealth of his 
patients, seeing that the fees which he is able to 
obtain will bo very different in a fashionable 
quarter of London or a provincial town with 
wealthy residents settled round it, as compared 
with a working-class suburb or a small manu- 
facturing town. But it may fairly be said that a 
dentist in full practice who did not make more 
than £500 clear profit a year would not be con- 
sidered as very successful financially ; while a 
young qualified man, acting as assistant to 
another dentist, would expect to be paid at 
the rate of four guineas a week in a good 
provincial practice, and five guineas a week in 
London. 


Setting up in Practice. The cost of 
establishment in practice cannot be estimated 
with any approach to accuracy. It may be 
taken t-nat the furnishing, of a room as a 
dental surgery, and its equipment with proper 
appliances, will cost £100 ; while £25 would have 
to be spent upon the work-room, and another 
room would require furnishing to serve as a 
waiting-room for patients. If, on the other hand, 
the young practitioner elects to work into the 
established practice of another dentist, beginning 
as his assistant, he will probably require a con- 
siderable sum of money if he is to purchase a 
share in the business. 

Apart, therefore, from the cost of living, the 
necessary expenditure may be indicated in the 
following table : 

For L.D.S. Diploma 


£ s. d. 

Kegifttmtion 5 0 0 

Apprenticeship 105 0 0 

Hospital education . . . . . . 120 0 o 

Examinations vl 0 0 

Instruments 30 0 0 

Books 600 


£286 0 0 

If it is decided to take in addition the diploma 
of the Conjoint Board of the College of Physicians 


As a set-off against expenses of education, there 
are opportunities for the brilliant student to earn 
valuable scholarships and prizes, whieh at several 
hospitals amount in all to more than the actual 
cost of education. Hospital appointments, again, 
such as the post of house surgeon or demonstrator, 
generally carry with them an honorarium, 
amounting to about £40 a year in the first case, 
and £80 in the second. 

What the Dental Mechanic Earns. 

Concerning the dental mechanic, a word should 
be adder! to the effect that whereas his education 
actually costs him no more than the cost of 
living, his wages during his apprenticeship arc 
very small, starting probably with 5s. a week, 
and slowly rising. When he has completed this 
period of five or seven years, as the case may be, 
he may obtain his first situation as mechanic, or 
fc ‘ improver,” as he is called, when his wages 
would start at 30s. a week, and gradually rise ; 
so that a really good mechanic of several 
years* experience would expect to earn £3 in 
the provinces and £4 in London. Some obtain 
wages more than this, while others, by fitting a 
workshop for themselves, and carrying out work 
for dentists, earn considerably more in one of 
the busy eentres of population. 
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crashing the hem. A fine wire is sometimes 
inserted in the hem. 

Another method, which is much neater and 
need have no stitches showing on either side, 
is a French hem at either edge [179]. The method 
is this. Leave 1 in. plain ; make a tuck J in. 
wide when finished ; turn in the raw edge, and 
slip-stitch it exactly on the line of running. 

For shapes plainly covered with silk it is best 
to have an interlining of some soft material, 
as all marks, wires, etc., show through. 

Caps. . The foundation of all caps is of 
double stiff net [177], and should be wired along 
the top edge with finest wire or two strands cut 
from ribbon wire. Bind it with 
sarcenet ribbon about \ in. wide. 

Bind the outer edge with ribbon 
or velvet on the cross to match the 
trimmings, or the velvet may bo 
cased on as for a rucked 
edge. One or two straps 
may have to be sewn to 
each side to keep the cap 
in shape, and for help in 
sewing on the trimming. A 
cap is entirely a matter of 
individual taste. It can be 
made of | yd. of lace, or as 
much as 5 yd. can be used. 

An average quantity is 2 yd. 
and 1J yd. of ribbon U in. 

I. of baby 
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wide or about 6 yd. 
ribbon. 

In trimming remember that 179 french-hemming silk 
the outline of the cap must be hidden ; therefore 
let tho lace droop over tho edge, and see that 
the trimming is not too long at the back. 

The trimmings are tie-stitched wherever 
possible. Larger cap shapes are cut out with 
| in. turnings. Fold the turning over the wire 
(two strands of ribbon wire may be used), and 
wire-stitch it all round to shape. Make the join 
of tho wire come in the centre of the inner edge 
of the cap, and let the wire overlap for 2 in. 

Cap for Elderly Lady. Tho founda- 
tion of caps for elderly ladies is made in stiff 
net, covered with lisse, and wired with fine soft 
wire, slightly drawn in centre of front, and bound 
with ribbon to match tho cap trimming [176]. 

Make a box pleating of stiff net across front to 
stand up and support the trimming; cover it 
with ljsse to soften and disguise it. 

Make a bag of black net at the back, confined 
by an elastic, which is fixed to foundation at ears. 

Depth of crown, 13 in. to 15 in. ; width at back, 

15 in., drawn up to about 7 in. by the elastic [176]. 

Wave the lace round edge 1 J in. below shape to 
rest on the hair ; make ribbon loops between 
each fold of the lace at the sides. Raise the 
trimming in the centre-front, and finish with a 
rosette of the ribbon or any other trimming. 

Make lace lappets [166-168] 18 in. long when 
finished * sew mem on from each ear of founda- 
tion with ribbon. 

For the back, join the lace as for lappets. Let 
the ends fall over the top piece of crown in waves, 
and let it, meet the trimming of the front. Use 


ribbon bows to neaten the lappets and fix it on to 
the net crown. 

Muffs, The foundation of fancy muffs must 
be large or small according to the prevailing 
style. Cut two or three layers of wadding, 
a little wider than the muff is to bo, and allow 
4 in. or 5 in. to overlap ; 9£ in. by 15 J in., 
not allowing turnings, is an average sizo [178]. 

Inflate the wadding before the fire or over a 
gas-stove till it separates and looks light , and 
join it in a round. Use for lining, silk, satin or 
merveilleuse ; cut this the same outside length 
as tlie muff and half as wide again for width. 
Join in a round. 

Run two casings [178] at each 
side, just beyond the wadding. If 
a frill besides the casing for elastic 
is required, more turning must be 
allowed. 

Insert the elastic, running it in 
the casing, through the join, 
and secure it in a round 
large enough to pass the 
hand through. Draw the 
lining in the muff, with 
the centre of muff to centre 
of lining. The ends of the 

178 MUFF li , nin e b, 'y° nd the ca8 j n S? fo , r 
elastics are turned back 

over the wadding ; push it well 
to shape at tho sides, and tack 
the silk lightly to tho wadding. 

If needed, cut deep frills of 
about 7 in. by 40 in., on 
the cross, lined with leno and silk. Of 42-in. 
cloth, | yard will be required ; bf 20 in. velvet 
about 1 yard, on the cross, will make a fair- 
sized muff. 

Fur Toques. A wire shape covered with 
leno or fine book muslin makes a good foundation 
for a fur toque. Mull the edge of the toque 
and rover the under- brim with velvet or cloth. 

In sewing fur, use a short needle and strong 
cotton ; sew it through tho skin from the back, 
holding the fur well down. With each stitch 
only draw through to the right side sufficient 
cotton to be able to turn the needle back again. 
When the cotton is being drawn it will be close 
down on the skin of the fur. This prevents draw- 
ing some of the fur through, and probably 
causing the cotton to break. 

Fur is not generally used for the under-brim, 
as it would make tho toque too heavy to be worn 
comfortably. 

Often pieces of fur have to be joined or worn 
pieces cut away and better ones patched in. The 
best parts of a fur necklet or muff make a good 
border to a toque of the turban variety. When 
lined with a layer of wadding, and faced with satin, 
the fur would make a band of trimming for a hat. 

Beaver, chinchilla, sable, ermine, and grebe 
are favourite furs used for millinery purposes. 
White and pink camellias or carnations, shaded 
velvet chrysanthemums, and Neapolitan violets, 
look particularly well on fur, while a rich purplo 
velvet, turquoise blue velvet, or a little real lace 


are favourite trimmings. 
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By MARK SOLON 


r T‘H E branch of tin* t r:nl< • < !<*n 1 i iijl» with tessellated 
. pavements and mosaic* vane-' jnoro par- 
ticularly in the manipulation of the body than 
those already considered. The hulk of the tiles for 
tessellated pavements, instead of being made 
from plastic clay, are pressed from a semi- 
plastic dust. The body, having been prepared 
in tin* usual way, is taken from 
the filter presses and thoroughly 
dried. It is then damped slightly, 
broken into small pieces, and passed 
through a disintegrator [37 1 Thisis 
a small machine* consist ing of a solid 
metal drum to which are attached 
four or six metal arms. The drum 
is made to revolve at the rate of 
about 3,000 revolutions a minute, 
causing the arms to strike the clay 
which is fed into the machine 
against a. series of small (frith. 

These grids are supported inside a 
circular metal easing, w liieh collects 
tin* dust and allows it to fall 
through an opening at the bottom 
of the machine. Il is afterwards 
sifted, and kejii for a dav or so in 
order to allow as much air as possible to 
escape from it. 

Colours Produced from Natural Marls. 

Various colours are produced from natural marls, 
either alone or stained with metallic oxides the 
red from red marl alone, tin* half from hull’ marl, 
black from inferior red marl stained with 
manganese and ironstone, chocolate from 
red marl stained with manganese, drab from 
bull marl with a* small quantity of manganese, 
nidmon from buff and red marl. 'The white 
tiles are made from a mixture 
of ball clay, china clay, flint 
and stone, with sufficient of 
tlu* latter to cause them to 
vitrifly slightly during tiring. 
The brighter colours, such as 
blues, greens, sage, etc., are 
obtained by staining the w hite 
body with mixtures of cobalt 
and chrome. The shape of 
tlu* till' is given by a steel die 
or box, the top and bottom of 
w hich are movable in order to 
press and eject, the tile. The 
die is fitted under a screw 
press of special design [ 35 1, the 
top cover of the die being 
attached to the screw A, tin*/ 
bottom die to the lever B. 
'I’lie box is tilled with cla\ - 
dust, and pressed by revolving 
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tin* wheel, thus lowering the top die. After 
being properly pressed, the bottom die is raised 
with the lever B and the tile delivered. 

Each tile must be submitted to at least two 
or three distinct pressings in order to liberate 
the air from the dust. The effect of pressing the 
till* in an enclosed box is to compress the dust and 
the air simultaneously. As the 
pressure comes entirely from above, 
the top layer of dust, in the box is 
the first to he compressed, and so 
prevents the air from escaping 
through if. It is, consequently, 
confined in the body of the tik*, 
which it. splits up into thin layers. 
Byreleasing tlu* pressure between 
each successive a pplicat ion, t he com- 
pressed air is allowed to escape and 
a solid tile eventually formed. 

Encaustic Tiles. The orna- 
mental tiles introduced into pave- 
ments are known as encaustic or 
inlaid files , the figure or ornament 
being inlaid in various coloured 
clays to the depth of about in 
in the face of a tile*. They are 
produced either by the plastic or by dust 
process, of which tile former is the more cosily 
but greatly superior method. 

The plastic process consists of pressing from 
a plaster mould clay tiles in which the ornament 
is sunk in the hue. The iilemnkcr proceeds 
tii fill in the depressions which form tin* 
ornament with various coloured slips, pouring 
them on the face of the tile from suitable small 
cans. The tile is allowed to dry until the slips 
have become fairly bank when the excess i- ; 
carefully scraped from fhe face of the file and 
the pattern discovered. There are many different 
methods of producing en- 
caustic tiles on the dust 
process, the simplest of 
which is the following : 'The 
ornament is described in 
thin bands of brass, which 
are soldered together. This, 
when placed upon a metal 
plate, forms a series of small 
compartments bound by 
the brass ribbon. Each 
compartment represents a 
separate colour in the 
design. The workman tills 
in each colour until the 
metal plate is entirely 
covered. The bands form- 
ing the ornament are then 
gently removed from the 37. disintegrator 
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plate, whic h is put at the bottom of an ordinary 
die. The die is filled with the dust which is to 
form the back of the tile. Pressure is applied 
in the usual way, and when the tile is taken from 
the press the pattern appears upon the face. The 
tiles are then gently dried for a few' days and 
tired in the biscuit oven in the usual way. 

Mosaic Patterns. When more intricate 
patterns are required, pavements are made of a 
number of small tiles or cubes which arc cut and 
tilted together and known as mosaic. The small 
strips or cubes arc prepared from dust in the 
manner just described, of dilTerent coloured 
bodies, and tired in a biscuit oven. They are 
arranged in various 
patterns in the follow- 
ing manner: The orna- 
ment required is drawn 
on strong paper, the 
reverse way to which 
it will appear when 
tinished, each colour 
being outlined sepa- 
rately. The cubes of 
different colour are then 
stuck with glue, face 
downwards, on the 
paper, being cut with a 
chisel where necessary to 
follow the shape of the 
ornament. The ground 
of the floor is formed either by arranging the 
cubes in a fan formation, or by placing together 
pieces of irregular shape. Having covered the 
paper on which the ornament has been drawn, 
and laid in the background with one of these 
two formations, the sheets so prepared are sent 
to the building where they are intended to be 
laid. This space to be covered with mosaic is 
first floated with liquid cement, upon which arc 
laid the sheets of paper — the paper upwards. 
Tie* water from the cement rises through the 
spaces lictween the cubes, dissolves the glue, 
and loosens the paper. This is gently removed, 
leaving the cubes properly arranged in the 
cement. The surface of the floor is then well 
Iw'aten with flat pieces of wood, so that the 
cubes arc driven into the cement, which fills 
up all the' joints. The tloor is then allowed 
to remain untouched until the cement is set. 

Salt Glaze. Glazing by the introduction 
of salt into the furnace is a method used princi- 
pally in the manufacture of cheaper forms of 
pottery, such as drainpipes, ginger-beer and 
ink bottles, glaze bricks, etc. The body of drain 
pipes is of natural marl either alone or mixed 
uith a suitable amount of grog or previously 
fired material. The mixture is so adjusted that 
fhe pipe when fired is sufficiently dense to with- 
stand the pressure to which it is submitted when 
buried in the earth. 

On coming from the pit. the marl is passed 
through’ a. roller mill, heavy iron rollers crushing 
it through perforated grids. It is then conveyed 
to ,*he riddles , where the larger pieces are 
abstracted and returned to the mill. The proper 
proportion of grog is mechanically produced in 
a mixer, whence the material goes to the pug 
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mill. From this machine it is delivered in 
plastic slabs, which are conveyed to the pipe- 
making press [36], This machine consists of a 
vert ical cylinder, tli rough the centre of which 
revolves a spiral blade. The clay on being fed into 
the machine is forced by the blade through an 
opening or die at the base of the cylinder. The 
die forms a circular slot of diameter ami width 
to correspond with the section of the pipe, 
required. Below the slot is a metal mould of 
the socket head of the pipe, the part giving the 
inner shape to the socket being carried on a 
movable table which descends as the pipe is 
expelled from the machine. After the necessary 
length of si raight piping 
has been pressed, it- is 
out. oil* and placed upon 
a fetlimj machine, w hen 
the rough edges are 
trimmed and the surface 
of the pipe smoothed 
over. It- is afterwards 
finally tinished upon a 
lathe, the ends of the 
pipe inside and out 
being scratched and 
serrated, to give a 
better grip to the joint. 
Tlie pipes are then 
placed in the drying 
chamber, and after- 
wards taken to the oven for firing and glazing. 

Firing and Glazing Pipes. Tim pipes 
are tired and glazed in circular or square down- 
draught ovens 1 39 1. They are placed one upon 
another, the small ones inside the larger, care 
being taken, however, that the whole surface of 
each pipe is exposed, and can easily be attacked 
by the gases which are produced at the end of 
the tiring by the introduction of the salt. The 
action of the salt- upon the pipe is principally 
tie' formation of silicate of soda, which, being a 
glass, vitrifies the surface* of the pipe. It- is 
introduced into th • kiln when the highest heat 
necessary for the tiring of tie* clay has been 
attained. The* salt is volatilised by the heat, 
and decomposes on coming into contact- with tho 
silica present in the body of the pipe. The rich- 
ness of the glaze depends to a great extent upon 
the amount of silica in the. clay. Bodies con- 
taining a great quantity of alumina do not 
glaze well. 

The salt is dropped into the kiln through holes 
in the dome I39AJ, which an* so arranged that 
it- does not. fall directly on the ware. A largo 
amount of heat- is absorbed in the volatilisation 
and decomposition of the salt, which causes a 
considerable drop in the temperature of tho oven. 
For this lea-on tie full quantity is not intro- 
duced at once, hut in two or three operations, at 
intervals of 'JO or 30 minutes. To prevent tho 
vapours from escaping too rapidly from the kiln, 
the damper, B. is lowered dining the intro- 
duction of the salt, partially closing the Hue and 
reducing the draught. 

Architectural Faience and Terra- 
cotta. Architectural pottery and glazed terra- 
cotta have l>ecoine more extensively used 

5777 



38. MOFLD-M IKKIt COMPLETING TOP OF MOri.T) 
flic dark object is the model, partly buried in the .slips 


EARTHENWARE 


for the internal and external decoration ot 
buildings during the last few years. 

The vnglazed terra-cotta is generally of a red, 
ImiT, or grey tint, and is made from the natural 
marls, which contain various quantities of iron 
oxide, the staining property of the 1 iron being 
more or less developed by tlx? atmosphere pro- 
duced during firing, (flawed terra-cotta is, as a 
rule, made from buff marl, mixed with a certain 
amount of ground-fired material or grog, which 
is introduced to prevent excessive contraction 
during firing and drying. Tlx 1 marl is first of 
all reduced to a „ 


slip and piepared 
as clay, and after- 
wards pugged, or 
mixed with the 
fired material, or, 
in the case of 
certain extremely 
pure marls, merely 
ground together 



with the grog 
and a requisite; 
amount of water. 


39. dowx-dracoht oven 
poll OLA SCI Nil PIPES 


Manufacture of Terra-cotta. The 

manufacture of architectural terra-cotta begins 
with the preparation of complete plans and 
elevations, in which the entire scheme of decora- 
tion is set out on paper. Every block of terra- 
cotta which enters into the arrangement, is 
clearly defined and numbered, and a full-sized 
working drawing made of every different piece. 
From these drawings models are. produced in 
clay and plaster in the following manner. 

Should the piece he; perfectly plain — namely, 
of flat surface and symmetrical shape — the model 
is built up with plaster in semi-liquid state, and 
shaped by means of zinc profiles. Ornamental 
blocks are, of course, either modelled entirely in 
clay, or the ornament is applied to a plaster form 
made in the manner just described. After the 
models are prepared, plaster moulds arc cast 
from them in various sections. These sections, 
or .slips, are bound together by an outer frame of 
plaster (38]. The slips are so arranged that after 
the piece has been pressed and the outer frame 
removed they can easily he taken from the clay 
without disturbing it. The moulds are lined 
with clay, about 1 in. in thickness, and bridges or 
supports are built up inside the larger hollow 
pieces to prevent their collapsing or going out of 
shape during drying and firing. The surface 
of the piece, on coming from the mould is 
polished with small steel knives. In some cases, 
where only one block of terra-cotta of certain 
shape and size is required in the scheme, and this 
happens to he elaborate in character, the piece 
is modelled by hand in the clay, and this actual 
model fired. If the piece is larger than can be 
easily handled in manufacture, it is cut into sec- 
tions, which, when fired, fit together accurately. 

The Kiln. After the pieces have been 
thoroughly dried, they are sent to the kiln. In 
the case of glazed terra-cotta, muffled kilns are 
used, the clay blocks being built up one upon 


another. The kilns arc specially constructed, 
and have an inner chamber, which entirely pro- 
tects the clay from the flame. The form of mufHed 
oven generally adopted [40] is down-draught in 
principle. The flame rising from the mouths 
round the outside circumference of the chamber 
is collected in the central chimney, the base of 
which leads into a duct or flue connected with the 
chimney. Unglazed terra-cotta is generally fired 
in open kilns, the clay not being protected from 
the flame. Tn this way the atmospheres pro- 
duced during firing act directly on the clay. The 

m pieces are placed 

upon fireclay 

X 7 — After biscuit. 

— ’■ ~r - firing, the pieces 
40. MUFFLED OVEN FOR rtr0 d|PP e d or 
OLA ZED TERRA-COTTA pencilled Will) 
coloured glazes 
and retired in ordinary kilns. Should the 
pieces during the firing or glazing become 
twisted, and so be difficult to build upon one 
another, or not tit accurately together, they 
ice ground and made true before being fixed. 
For this purpose the piece is placed upon a 
revolving iron disc, upon which is continually 
] loured a stream of wet sand. 

We are indebted to Messrs. W. Boulton, of 
Burslem, for many of the representations of 
machinery, and to Messrs. Dnulton & Co., Ltd., 
for many of the photographs of operations 
illustrating these articles. 

We append a list of technical works on pottery 
manufacture and decoration. 


"A Treatise on the (Viamie Industries." By 
Emile Bourry. (Scott . Greenwood. 21s.) 

** English Pottery ami Porcelain. " By the lte\ . 
E. A. Downimin. (Upcott Gill. 3s. fid.) 

“Notes on the Manufacture of Earthenware." B.v 
E. A. Snmlemon. (Virtue. 7s. (id.) 

“ Architectural Pottery." J3y L. Lefevro. (Scott, 
Greenwood. 15s.) 

“ Manufacture of Glazed Bricks." By H. Ansell. 
(“• British Clay worker." 7s. tkl.) 

“ How to Analyse (May." By Holden M. Ashla. 
(Scott, Greenwood.. 2s. tkl.) 

“ lloramic Technology." By C. F. Binns. (S *ot<. 
Greenwood. 12s. <5d.) 

“Text-Books on Ceramic. Calculations." By VV. 
Jackson. (Longman. 3s. tkl.) 

“ Painting on Glass. Porcelain and Enamel Pann- 
ing." By Felix Herrmann. (Scott, Green wood. 
10s. fid.) 

“ Colouring and Decoration of Ceramic Ware. 
Bv Alex. Bromjuiart, (Scott. Greenwood.) 

“ China Painting." By F. Lewis. (Cassell. •>.) 
“ Manual for China Painters." By Mi’s, di B 
Monachesi. (Gay & Bird. 5s.) 

Technical Instruction. Classes for the 
study of theoretical and practical pottery manu- 
facture are held at the Technical Institutes, 
Tunstall, Burslem, Stoke-on-Trent, and Longton, 
in Staffordshire, under the superintendence <'f 
Dr. J. W. Mellor, D.Sc. 


Earthenware concluded ; followed by Carving 
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Group 28 

DYEING 

The Dyer’s Large Store of Drugs. Khaki, Prussian Blue, 

2 

and Other Metallic Colours. Dyeing -vats and Plant 

Contiiuiftil from 
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T HK clycr uses a large number t »f drugs in pre- 
paring )iis material for dyeing- -Midi .is mordant s 
as fixing agents and assistants for the mordants, as 
levelling agents, and as solvents tor dyestuffs, etc*. 
The method of preparation and minute description 
of these substances belong to the* domain of general 
chemistry, and very voluminous works are devoted 
to the subject : in this course we must consider 
them purely from the point of view of the dyer. 

The French dyers used the term nntrdant (biting) 
because they thought that the mordants simply 
prepared the way for dyeing by biting into the 
tibre and opening the pores. It has long been known 
that they act by forming a coloured Jake closely 
combined with the fibre, either by fixing the d ve- 
st ulf or by actually forming an essential element 
in the colour. The mordant, must not alTert the* 
properties of the fibre and must penetrate it 
thoroughly, otherwise if it is only superlie inlly 
attached the colour will not he fast to rubbing. 

Aluminium Salts. Aluminium mordants 
are used on all the fibres and are now, ns a rule, 
prepared from the sulphate known as ** cake 
alum" or “patent alum." Alum is the double 
sulphate of aluminium and potassium or ammonium. 
Dyers prefer commercial alum to the sulphate, 
but they are both used as mild acids in dyeing 
acid colours on wool and as mordants on cotton, 
lint, not to a large extent, as very little alumina is 
fixed on the tibre. 

Jhd liquor is the name given to tile acetates and 
sulphate acetates of aluminium because they are 
used as mordants in alizarine red dyeing. On wool 
and on silk the sulphate is the principal aluminium 
mordant. The other aluminium mordants are. 
principally used in textile printing. 

Iron Salts. A large number of ferrous and 
ferric salts are used by the dyer. 

Ferrous sulphate , usually termed -am or 

grew vitriols is employed in the manner described 
under the head of Natural Colouring Matters, and 
for darkening the colours obtained with some* of 
the basic coal tar colours. 

PifVol ignite of iron or block liquor is ferrous 
acetate containing a little ferric acetate and is used 
principally by the. cotton printer and in black 
dyeing silk. Ferric sulphate, very misleadingly 
termed nitrate of iron , is used very largely in 
black silk dyeing and for cotton. The real ftrric 
nitrak finds a limited use for huff shades op eotlon. 
Fopjieras is the only iron salt used for wool and 
also for jute. Blacks arc got on this latter tibre 
by dyeing with logwood and after treating with 
copperas.* 

Chromium Mordants. Bichromate of t >ot- 
a«h or sodium, often simply called “ bichroine," is an 
everyday mordant for wool. Sulphuric acid is usually 
added to the dye- hath, and other assistants, notably 
bictic and formic acids, have been recommended. 
A very small proportion of bichromate has great, 
[Mordanting power ; in fact, the. danger lies in 
over-chroming” the wool. Chromium fluoride is 
also largely used, generally with oxalic, acid as an 
assistant. On silk haste chromium chloride is used 


lixed with silicate of soda. The cotton dyer does 
not use chromium mordants very largely. 

Khakis in really fast shades, is produced with 
metallic oxides. The word itself means “earthy," 
and khaki, it is said, has been a military colour 
from the days of Alexander the t.Yeat. Our 
soldiers in India, in eases of Midden outbreak on 
the frontier, dyed their white cotton twills in fresh 
cow dung. The (Ioniums, during the recent, war, 
took with them to China tins containing a mixture 
of a decoction of chicory and chlorophyll (the 
colouring matter of grass) with the same object. 
The Boer war brought khaki very much to the 
front, and a long range of drab shades produced 
with natural and artificial dyes arc now described 
under the name. The military authorities are 
very exacting as to the, properties of fastness of 
the dye when used for uniforms, and fast shades 
varying from a khaki yellow to a greyish red are 
obtained with mixtures in various proportions of 
ferric sulphate, chrome-alum and pvrolignite of 
iron. 

Tin Mordants. The stannic salts are much 
used for the vegetable fibres, especially with the 
natural dyestuffs. The wool dyer principally uses 
stannous chloride under the name of tin salts or 
tin crystals. Tin spirit — that, is to say, tiinlissolved 
in acids — is hardly used now. Stannous" nitrate is 
employed in dyeing cochineal ml on wool. 

Copper Mordants. The copper salts are 
used principally as oxidising agents, hut copper 
sulphate, known as “ blue stone " or “ blue vit- 
riol," is employed to some extent as a mordant in 
wool dyeing, and cotton dyed with some of the 
direct cotton colours is after treated with copper 
sulphate to make the shade better able to resist 
washing. 

Lead Mordants. Act fate of had, known as 
“sugar of lead," and nitrate of lead are used by 
the cotton dyer in producing the once favourite 
colours known as “ chrome orange " and “ chrome 
yellow." The cotton is mordanted with the salt 
and passed through milk of lime and then 
through a hath of bichromate of potash. 

A large number of the other metals have been 
used as mordants experimentally, and some of 
them have found a use, but principally in textile 
print ing. 

The Tannins. A large number of vegetable 
substances contain tannic acid or an organic acid 
resembling it in chemical constitution and pro- 
perties. They are capable of converting hide, into 
leather, and their ast r ingent properties make them 
useful in medicine as styptics. They are used also 
in the production of inks and in the manufacture 
of a class of dyestuffs. Some of them, notably 
cittch and gambier, contain colouring matter 
sufficient for use as a dye, and are. actually 
natural combinations of mordant and colouring 
matter. 

The principal value of the tannins to the dyer 
lies in the fact that, whereas vegetable fibre has 
little affinity for dyestuffs, it greedily absorbs 
tannic acid, which is capable of forming insoluble 
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compounds in the fibre iii combination with the 
basic dyestuffs. Tn silk dyeing the tannins are 
.principally employed as weighting material and as 
both dye and weighting material for black silk. 
In wool dyeing they find a very limited use. The 
fibre has little affinity for tannin and the small 
quantity that it absorbs is a resistant to sonic 
dyestuffs. Before the days of the artificial dyes 
many of the tannins were used for the sake of the 
colouring matter they contain. Tanners hark, 
gallnuts, chestnut husks and sumach were all 
employed as actual dyestuffs in English dye- 
houses, and country people used the bark of the 
birch and willow and other trees. Practically, 
cutch and gambier are now the only tannins used 
as dyes, and the value of a tannin to the cotton 
and linen dyer largely depends upon the absence 
of colouring matter. The following are the tannins 
ordinarily on the market. 

Tannic Acid. This is prepared for the dyer 
from Chinese and Japanese galls, and comes on the 
market as pale yellow powder and as crystals. 
The commercial acid can be freed from its colour- 
ing matter by shaking it up with ether and allow- 
ing it to settle. The lower layer then is almost 
colourless tannic acid. It was considered necossnrj' 
to use this tannin exclusively for delicate shades, 
but colourless extracts of sumach arc* now on the 
market and arc less expensive. 

Oak galls are produced by the puncture of a 
female wasp, and the richest in tannic acid come from 
Aleppo. Chinese and Japanese (jails arc produced 
by the puncture of an insect on trees of the llhns 
family. These arc not ordinarily used directly in 
dyeing, but for the production of tannic acid. 

Knoppern arc produced by the insect puncture 
of the unripe acorns of an oak grown principally in 
Germany and Austria. They are very rich in tannin, 
and the Germans use them largely in ink-making. 

Sumach and Other Tannin Sources. 

'8 < munch is the leaves of certain species of Rhus 
which are ground up for sale. Sicilian sumach is 
the best, but it is very often largely adulterated, 
notably with the leaves of the lentisk. Sumach 
should contain 15 per cent, to 20 per cent, of tannin. 
It is a very hardy shrub, and flourishes in the South 
of England. A plant grown at Harrow was found 
to be comparatively weak in tannin, but the quality 
was very superior to the imported sumach. As 
there is a market for guaranteed pure sumach it 
might be profitable to grow it on waRte land in 
England. It is very largely used in cotton dyeing, 
as the slight amount of red colouring matter it 
contains is not a disadvantage for many uses. 
A colourless extract is now on the market. 

Myrobolans , sometimes written myrobolams. are , 
the dried plum-like fruit of several species of trees, 
and are obtained chiefly from the Tcrmiutdin of 
India. The stones contain lit tle tannin, and as they 
may amount to 50 per cent, of the weight of the 
myrobolans, this has to be taken into consideration 
in sampling. Myrobolans are cheaper than sumach 
and richer in tannin, but they contain a yellow- 
f brown colouring matter which unfits them for 
light- shade dyeing. They are largely used in dye- 
ing dark shades and black on cotton and silk. 

Valonia is the acorn caps of several species of 
oak grown in the Levant. They contain a dirty 
yellow colouring matter, and are little used by the 
dyer except occasionally in silk dyeiug. 

Trillo is a tannin consisting of the scales of the 
acorn caps. Divi-divi is the pod of a shrub grown 
in the West Indies. It is used in dyeing black. 
Canaigrc , the dried root of a species of dock, has 


been suggested as a substitute tot sumach. It is 
very rien in tannin. The English dock was ex- 
perimented upon, but the attempt, to cultivate it 
as a tannin does not seem to have been successful. 

A large number of other tannins, such as que- 
bracho and algarobilla, arc used by the leather tanner. 

Oils. Olive and castor oil are converted into 
“ Turkey red oil ” or “ sulphated oil ” by treatment 
with sulphuric acid. Castor oil is principally used 
in England. It is decomposed with concentrated 
sulphuric acid, and the mixture of fatty acids 
resulting is washed with common salt and neutralised 
with caustic soda. It must be perfectly neu- 
tralised or slightly alkaline and is then soluble in 
distilled water to a clear solution. It is used as a 
mordant for basic colours in some cases, but the 
shades it gives, although brighter, are not so fast 
to washing as those got on a tannin mordant. It 
is indispensable in fixing mordants for alizarine 
dyeing. In the old process of Turkey red dyeing 
with madder rancid olive oil was used. 

Fixing Agents and Assistants for 
Mordants. The mordants require to be decom- 
posed, and the oxide, which is the actual mordanting 
agent, must he firmly fixed on the fibre. Wool is 
capable of decomposing mordants unaided, but, as 
in chrome mordanting, not without, some injury to 
the fibre. Fixing agents, or assistants, are therefore 
added to the bath. 

Caustic Soda. This is used sometimes as a 
solvent for alumina and stannic oxide. It is used 
in the production of manganese brown, also called 
manganese bronze or bistre, formed by fixing man- 
ganic oxide upon cotton. This colour is very fast 
to light and washing, and is now also obtained by 
steeping the cotton in a solution of manganous 
chloride, drying in the hot flue, and parsing through 
a warm solution of potassium permanganate, 
fanatic soda also fixes ferrous or ferric oxide on the 
fibre, producing in this way two other mineral 
colours known as iron-huff and nankin yellow . It 
is very largely used in merecrisaf ion, and at a certain 
degree of concentration has the effect of increasing 
the affinity of the cotton fibre for dyes. 

Sodium Phosphate. This is a useful 
assistant with aluminium mordants. 

Sodium carbonate finds many uses in dyeing. 
The soda crystals are the familiar “ washing soda 
of the household. In a crude calcined form the 
carbonate is called soda ash. It- is largely used for 
softening water, for neutralising acids, and for 
fixing ferric and chromic oxides on cotton. 

Sodium sulphate , or dauber's salt , and sodium 
chloride or common salt may be considered together, 
as the dyer uses them for the same purpose. Neutral 
Glauber’s salt should be in clear, transparent 
crystals, containing no iron. Calcined Glauber's 
suit is made by driving off the water of crystallisa- 
tion, and very much less of this is needed in the 
dye-bath. Common salt and Glauber's salt are user! 
in the dye-bath to retard the action of the colour, 
and thus secure level ness. 

They are often used in large quantities, and rai>c 
very considerably the boiling point of the liquor, 
which has a beneficent action in some cases, la 
woollen dyeing they render the colour less soluble 
so that it is dissolved more gradually, and goes on 
the wool more evenly. Glauber’s salt or common 
salt is very frequently the only addition to the dye- 
stuff in dyeing with the direct cotton Colours. I»j 
dyeing wool in acid baths, where dyestuffs ai% used 
whose colouring power is diminished by the present 
of acid, Glauber’s salt is added to restore the 
balance by diminishing the acidity. 
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Sodium bisulphate, or acid sodium sulphate, is 
used as a milder substitute for a mixture of Glauber’s 
salt, and sulphuric acid. It is sometimes called 
tartar substitute. 

Sodium sulphide is used as a solvent for (ho 
sulphur colours, which are insoluble in water alone. 

Sodium phosphate is sometimes used in Turkey 
red dyeing as an assistant for aluminium mordants. 

Ammonia is used for neutralising acids, and in 
all cases where the wool dyer needs a weak alkali. 
It is used for neutralising Turkey-red oil, as its 
volatility allows it to be readily driven off. 

Ammonium carbonate is used for scouring wool, 
and as one of the best agents for fixing alumina on 
cotton. 

Tartar emetic is largely used for fixing tannic acid 
in dyeing cotton with basics. It is antimony 
potassium tartrate , but is invariably called tartar 
emetic in the dyehouse. Tts expense has caused 
many substitutes to be offered. Antimony potassium 
oxalate , known as binoxalate of potash , which is 
cheaper, may be used in some cases. A double salt 
— antimony fluoride and sulphate — has been sold 
for the purpose, and there are various patented 
preparations on the market. 

Potassium ferrocyanide , known as yellow prussia te 
of jxitash, and potassium ferricyanide , red prussiate- 
of potash , have been used as mordants instead of 
tannic acid. The yellow prussiate is used in dyeing 
aniline black. Prussian bine is perhaps the most 
important of the mineral colours. It is produced 
on cotton or silk by dyeing the material iron-buff 
(see Caustic Soda] and passing it through a 
weakly acid bath of yellow prussiate, and on wool 
by dyeing w ith yellow prussiate in a strongly acid 
bath at the boiling point. 

Argol is the crude cream of tartar in the lees of 
the wine vat, and is red or white, according to the 
colour of the grape. It is added to mordants, 
especially to alum, the resulting double salt giving 
up more alumina to the fibre. The decomposition of 
the mordant- with argol produces tartaric acid, 
which does not affect the dye-bath, whereas if 
sulphuric acid were used to decompose the mordant, 
and remained in the. fibre in the dye-bath, it might 
injure both the colour and the material. 

Calcium Salts. When quicklime is slaked, 
calcium hydrate is produced. Water dissolves very 
little of this, and the lime tenter holds particles in 
suspension. This is known as milk of lime. It is 
largely used in fixing iron mordants and in bleaching. 
t'arbonute of lime or chalk is used in fixing alumina 
in alizarine dyeing, as lime in some form or other 
must be in the dye- bath. Acetate of lime is very 
frequently employed for this purpose, and also in 
dyeing with several of the natural dyestuffs. Cal- 
cium chloride is bleaching ponder. 

Acids. r I ’he mineral and organic acids are exten- 
sively used as solvents, neutralising agents, reducing 
agents for mordants, and for many oilier purposes. 

Soap is used very largely by the dyer. 'It is a 
necessary assistant in many dye-baths, and the 
ordinary way of dyeing silk is to use a soap bath, 
plain Or “ broken,” with acid. Tt is a very usual plan 

“soap” dyed goods in order to brighten the 
‘clours. The dyer needs soap of a. good quality, 
ond, as a rule, neutral. 

Qwillaia , variously known as quillaia bark, Panama 
bark, or ivood and soap bark is the bark of several 
Nicies of Rosacea? growing in Chili, Peru, and 
Brazil, It contains saponine, which has great lather- 
m S and cleansing power. The wool dyer uses it 
where soap would be inadmissible, and it has no 
harmful effect on the most delicate dyes. 

*• 


Natural Dyestuffs. Local uses are made 
of a large number of natural dyestuffs even in the 
British Isles, blit it is not practicable to consider 
any colouring matters of this class that are not 
ordinary articles of commerce. Even these are of 
less importance than before the days of the coal-tar 
dyes. The fight between natural indigo and artificial 
indigotin is still raging, and vat blue has already at 
least lost much of its great importance. Logwood, 
in particular, and c.utch and fustic in a minor degree, 
retain a strong position. The rest of the dyestuffs 
here mentioned arc driven from the extended fields 
they once held, hut still find a restricted ground 
of utility. 

The natural dyestuffs are drawn mainly from the 
vegetable kingdom; a very small group are of animal 
origin. The coloured oxides of many metals can be 
fixed on the fibre, but these are used as mordants, 
and the few mineral colours are of little importance 
in dyeing, and have been mentioned in describing 
the salts which produce them. Bancroft, whose 
" Philosophy of the Permanent Colours ” was 
published in 1704, divided the natural dyestuffs 
into two groups — “ substantive,” those with which 
no mordant is necessary ; and tfc adjective,” thoso 
that could not be fixed on the fibre without a 
mordant. These terms are now used in connection 
with the artificial colours. 


Indigo. Indigo, unfortunately, is decreasing in 
importance year by year. It was long looked upon 
as the queen of dyestuffs. Indigotin is the blue 
colouring principle in indigo, and artificial indigotin, 
only a commercial success during the last decade, 
has put- the natural dyestuff more and more in the 
background. Tt is probable, nevertheless, that indigo 
will always find limited uses. The indigofera are 
very numerous, but the plants cultivated principally 
are I. anil, T. urgentea, I. disperma, and I. t-inctoria. 
The last of these is most extensively cultivated. 
The colouring matter of the woad plant, l satis 
tineforia , is identical with indigo, but the dyer uses 
woad only as a ferment in the indigo- vat. 

Indigo is absolutely insoluble in water, but on 
treatment with an alkali and a reducing agent it is 
converted into indigo white, which dissolves in the 
lye. When cloth is steeped in the vat thus made, 
and exposed to the air or passed through an oxidis- 
ing agent, the indigo blue forms on the fibre. In 
the woad vat the indigo is reduced by taking up the 
hydrogen produced by fermentation, and indigo 
white thus obtained is dissolved by slaked lime. 
Madder is used in this vat, which is employed prin- 
cipally for heavy woollens, and rerpiires skill and 
experience. The zinc vat is used largely in England 
for cotton, and is perhaps the simplest of the indigo 
vats. Indigo, zinc, lime, and sometime's iron filings, 
are added to the water, which is kept stirred for 18 
hours and then left to settle. The zinc decomposes 
the water and the hydrogen reduces the indigo, as in 
the ease of the fermentation vat. The iron filings 
form a rough surface, aiding the evolution of the 
hydrogen, and form a galvanic couple with the zinc. 
A large number of mts are in use, each having 
advantages for a particular purpose. They all 
depend on the same principle of the reduction 
(or hydrogenation) of the insoluble indigo blue to 
the soluble indigo white : 


e,„H 1(( NA 

Indigotin 


4- 2 H = 

Hydrogen 




The indigo white is fixed on t-ho fibre, and on 
reoxidation is reconverted int-o the insoluble blue ; 


Oj„H r ,NyOw ~b O — 10^2^2 

Indigo” white - Oxygen Indigo blue Water 
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Tho blue fixed on the fibre cannot be washed off 
again, and it is easy to see from this the great ad- 
vantages and the one fault of indigo. It is very fast 
to light and washing, but the outer part of a fabric 
will lose some of its colour by rubbing. Indigo 
contains red, and generally some brown and yellow 
colouring matters in addition to the blue, also a 
body which becomes a sugary substance on decom- 
position in tho vat, and a substance like gluten. 
These play a part in dyeing, but their exact nature is 
not known. They give indigo, however, properties 
that are absent iri indigotin. 

Some of the principal vats are as follow. 

Copperas Vat. 'This is not so simple as the 
zinc vat, but it is cheaper, and English dyers have 
used it for cotton since the time of Elizabeth. The 
vat is “set” with indigo, copperas, (ferrous sul- 
phate), fresh slaked lime, and water. In this vat 
the lime is an active reagent as well as a solvent for 
the indigo white, ft combines with the copperas to 
form ferrous hydroxide, which reduces tho indigo. 
The lime must be in excess to provide for its use us 
a solvent. This vat requires experience, and it is 
left to the experts who know how to humour it. 


Natural indigo is holding its own best in woollen 
dyeing in the fermentation vats* Natural indigo 
is more suitable than artificial 'indigotin for use in 
theso vats, which leave the wool with a softer feel 
than tho chemical vats. 

Indigo Piece Dyeing Plant, A special 
plant [1 J, patented and manufactured by Messrs. 
Mather & Platt, put indigo dyeing on a scientific 
basis. By its use tho cost of labour and material 
is reduced and greater regularity in shade is secured 
than by the older processes. A practically clear 
vat is obtained, and the indigo which is taken 
up by the cloth during the process of dyeing can 
be replaced in such quantity as is necessary during 
the working of the vats. A saving of time is thereby 
effected, since the cages for stirring the vats have 
not to be raised or lowered. Tho plant for the 
production of dark shade comprises a range of four 
dye- vats and settling tanks. In the illustration one 
dyeing cistern only is shown. The cloth is taken 
through the liquor in the vats in the ordinary 
continuous manner, passing round the guide rollers 
of the cages, A, after which it is squeezed by tho 
rollers, B. It is then laid by the wince in loose folds 


Hyposulphite or Hydrosulphite Vat. 

This is a modern vat very much in favour, as it can 
he used for both wool and cotton. Acid hypo- 
sulphite of soda is the reducing agent, and the dyer 
prepares this by the action 
of zinc on sodium bisul- ,1 

phitc. The hyposulphite I 

is prepared immediately 1 

before use, and added to 1 jjt/ 

indigo ground into fine 1 fU&T q 

powder and slaked lime. -Ltfqil J 

The vat is used cold for e L_ i 

cotton and luke warm for — 

Fermentation hII S 111.... 

Vats. Woad has already I Rj i I bI Jr * * 

been instanced and its I ff* " * ' t "' "o’ 

action explained. Any I . — JfiL — . 

substances, such as bran, 
starch, or glucose which 


upon the slowly- travelling endless apron, D, where 
it is exposed to the atmosphere for a sufficient 
length of time for the indigo taken up in the previous 
vat to become thoroughly oxidised upon the fibre 
^ before the cloth enters the 

O c next vat, through which it 

1 passes in the same man- 

I ner, and so on to the end 

1 of the range. The method 

1 of oxidising avoids all 

I tension of the cloth. 

W_. Curled selvedges and 

L creases, with the resultant 

streaky dyeing, are there- 
friwaadfeBp * \\r by prevented. It also gives 

i more time for exposure 

$ 1 to the air, and thorough 

oxidation. The slack 
cloth between the vats 
acts as a perfect com- 


11 

0; 

r 


fit 

ti.fl 

[11. 

It'"' 

..JEj] 

- ijfi ! 


will ferment may be indigo piece-dyeing PLANT (Mather & Platt) pensator, and prevents 
used. Benoist and Collins undue tension between 


actually make a culture of the ferment that pro- une pair of squeezing rollers and the next. In con- 
duces hydrogen — dcxmohacterinm hydrogen ife.rum — neetion with each vat there is a settling cistern, K, 

and add a trifling proportion of it to a vat prepared provided with a small hand pump, F, the suction- 

with food for it. The advantage of it is that this pipe of which goes to the bottom of the dye vat. 

can be worked at a higher temperature than other The object of this settling is to remove regularly from 
fermentation vats, therefore it is more rapid in its the dye-vat the deposit which forms in working, and 

dyeing action and more easily worked. thus to keep the dye liquor clear, in this way 

Stannous Hydrate Vat. In this, stannous avoiding the stains and uneven dyeing frequently 
hydrate, prepared by neutralising stannous chloride caused by the accumulation of sediment in the dyo- 
witli caustic soda, is the reducing agent. It is said vat. Wllen the work of dyeing is finished for the 

to be simpler than the copperas vat, but is little used day, as the cloth runs out of the vats the mecham- 

in England. cully-driven agitators, (1, are set to work in each 

The different vats have an influence on the shade; cistern for a few minutes, and allowed to rest until 

the woad gives the brightest shades, and the alkaline the next morning. Then the clear liquor is run 

vats are best for the dark shades required for uniforms. back to the dye- vats from the settling cisterns 

It has always boon necessary, in view of the — which have been filled up by the hand pumps 

high price of indigo, to recover the unspent dye tho previous morning — by means of an outlet pi|#‘ 

from the “bottoms.” The copperas vat in par- fixed about halfway in the depth of the cistern. The 

ticular is not exhausted. Many devices have also sediment which has settled in the vats during the 

been used to combine indigo with other dyes to night is thus retained, and the indigo is recovered 

obtain its peculiar bloom and excellent qualities from it. Any of the chemical processes in use fur 

with less expense. A very usual plan is to indigo dyeing can be used with advantage in tins 

“bottom” the goods with camwood or barwood plant, the one generally adopted being the zinc, litms 

first and afterwards with indigo, or the indigo is and hyposulphite of soda vat. The dye materials 

“ topped ” with suitable artificial dyes after*" a can be added to tho vat as required while working, 

light shade of indigo has been obtained in the and can bo accurately estimated. For light shades, 

vat These shades are termed “ woaded ” colours, the single vat shown in the illustration is sufficient. 

Continued 
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By HERBERT J. 

NOTES ON CONIC SECTIONS 

Definitions. A Conic Section is a plum; 
curve traced by a point which moves so that its 
distance from a given fixed point has always the 
same ratio to its perpendicular distance from a 
given straight line. 

The given point is called the Focus , the given 
straight line is called the J)irectrix % and the 
constant ratio is called the Eccentricity . 

Conic sections are so called because they are 
the curves in which a plane may be made to 
intersect the surface of a cone. 

When the constant ratio is equal to unity — 
i. e. f when the distance of the moving point 
from the fixed point is always equal to its 
distance from the fixed straight line — the conic 
is called a Parabola. When the constant ratio 
is less than unity- ?>., the distance of t lie 
moving point from the fixed point is less than 
its distance from t he fixed line— the conic is an 
Ellipse. 

When the constant ratio is greater than unify, 
the conic is a Hyperbola. 

The Axis of a conic is the straight line, of 
unlimited length, drawn through the focus, 
perpendicular to the directrix. 

The point in which the axis meets the curve 
is called the I r ertex. 

The letters S, A, and X arc used to denote 
the focus, the vertex, and the point in which 
the axis meets the directrix respectively. 
Remembering that A is the point which divides 
SX in the ratio of the eccentricity, it follows 
that; a parabola lias only one vertex, since there 
is only one point which bisects SX. 

In the case of an ellipse, suppose the eccen- 
yy tricity is 

^ the ratio 

a ; by so 

, A 1 that a is 

* less than 

b. Draw a 

straight line through S in any direction, and 
measure off SM containing a of any convenient 
equal lengths, and MN containing b of these 
lengths. Join NX and draw MA j| to NX. 
Then (Prop. 62) SA *. AX ! 1 SM ; MN 1 1 'i \ b. 
Hence A is a vertex of the conic. Bn , if 
wo measure MN', containing 6 of the ml 
parts, in the opposite direction from MN, join 
N'X, and draw MA' || to N'X, we again have, 
from the ASN'X (Prop. 52), SA' : A'X ; : SM 

• MN' ! I a l b. Hence A' is also a vertex of 
the ellipse. 

Thus, an ellipse has tiro vertices. Also, since 
a is less than 6, it is evident that N and N' lie 
on opposite sides of S, and therefore A and A' 
also lie on opposite sides of S. 
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The second figure shows the same construction 
for a hyperbola. Here, since a is greater than 
b y N ami N' lie on 
the same side of S, so 
that the two vertices 
A and A' also lie on 
the same side of S. 

The middle point of 
the line joining the 
vertices is called the Centre of the conic, and 
the ellipse and hyperbola are called Central 
Conics. 

Chord and tangent have the same meaning in 
the case of conics as in that of a circle. 

The Lai us . Rectum of a conic is the chord 
through the focus, at right angles to the axis. 

The Nownal at any point on the curve is the 
straight line perpendicular to the tangent at 
that point. 

The Ordinate of any point on the curve is the 
straight line drawn from it, perpendicular to 
the axis. 

The parabola, ellipse, and hyperbola have 
several properties in common. Proofs of these 
are given. Afterwards, the principal properties 
peculiar to each curve will he noticed, but a 
thorough examination of them, and the proofs, 
would occupy too much space. 

Properties of the Tangent 
Proposition 72 

If a chord PQ of a conic meets the directrix in 
Z, then ZS bisects the exterior angle between the 
focal distances SP, SQ. 

Draw PM, QM' _L to the directrix. Then 
the As PZM, QZM'arc evidently equiangular. 

PZ : QZ - PM : QM' (Prop. 56). 

But SP : PM - SQ : QM' (Def. of a conic.) 

pm : QM' - sp : sq ; 
so that pz : qz - sp : sq. 

Hence (Prop. 55) ZS bisects the L QSR, 
which is the exterior angle between SP and SQ. 

Corollary 1. Sup- 
pose Q to move 
along the curve to 
l*. Then PZ be- 
comes the tangent 
at P, and sineo the 
„ ZSQ is always 
equal to the Z.ZSR, 
we havo L ZSP 
- L ZSR. Hence, 
each is a right angle. 
Therefore, if the tanyent at P meets the directrix 
in Z, then PZ subtends a right angle at the 
focus. 

Corollary 2. If PS, QS meet the curve again 
at R and T, then, since ZS bisects the exterior 
L between SR, ST, we sec that TR must pass 
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through Z. Also, when the line QT turns about 
S so that Q moves up to P, T will also move up 
to R, and ZR will become the tangent at R. 

Hence, the tangents at the extremities of a 
focal chord (i.e., a chord through the focus) meet 
in a point which lies on the directrix , and is such 
that the straight line joining it to the focus is 
to the chord. 

if tangents are -drawn from a 
ic directrix, the chord of contact 
will pass through the focus and be perpendicular 
to ZS. 

Proposition 73 

If j from any point T on the tangent at P, 
TN and TR be drawn 
perpendicular to SP 
and the directrix , then 
>SN : TR is equal to 
the eccentricity. 

For, PSZ is a right L 
{Prop. 72). 

TN is || to ZS. 
ZT : ZP= SN 
: SP (Prop. 52). 

But ZT : ZP— TR : PM. 

/. SN : SP — TR : PM ; 
or SN : TR - SP : PM - the eccentricity. 

. Corollary. To draw two tangents to a conic 
from a given point. 

Suppose TP, TQ were the tangents. Draw 
TM, TN JL to SP, SQ, and TR ± to the 
directrix. Then SM : TR — SN : TR (since 
each ratio equals the eccentricity). SM 
-- SN. Hence, a 0 with SM as radius and S 
as centre will pass through N, and TM, TN will be 
tangents to the ©. Thus, we have the follow- 


R 




perpendicular 
Conversely, 
TK>int Z on tl 


ing construction. Draw TR J_ to the directrix. 
Then, if e is the eccentricity, take a radius 
equal to e . TR and describe a circle with centre 
S. Draw TM, TN tangents to this 0. Join 
SM, SN, meeting the conic in P and Q. Then 
TP and TQ are the tangents required. 

’ Proposition 74 

The two tangents drawn from any point to a 
conic subtend equal angles at the focus. 

Using the figure of the last corollary, we 
havo to prove that l TSP = Z.TSQ. 

Now SM : TR - e --- SN : TR, 

/. SM SN. 

Hence the right-angled As SMT, SNT have a 
common hypotenuse and a side of one equal to a 
side of the other. 


.% the A* fire equal (Prop* 29), 

z.T(3P=» iTSQ. ^ f 

Proposition 73 . 

If two tangents are drawn to a conic from a 
point T, and their chord of contact meets the 
directrix in Z, then TS and ZS are at right- 
angles. 

By Prop. 72, ZS bisects the Z.QSR, and by 
Prop. 74, TS bisects the z_QSP. 



I 
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l.T37j is half the sum of the l s QSR, 
QSP, i.e , half of two right lb. Hence TS 
and ZS are at right l s. 

The Norma! 

Proposition 7 6 

If the normal at P meets the axis at G, then 
SG I SP is equal to the eccentricity. 

Z-ZSP— a right L {Prop. 72, Cor. 1). 

= Z.ZMP. 

.’.a © on 
PZ as diameter 
will pass 
through M and . 
S (Prop. 39, 
Cor.). 

^spz = 

^.SMZ (Prop. 
40). 

the com- 
plements of these lb are equal, i.e., .lSPG 
- L SMP. 

Also, l PSG = l SPM (Prop. 12). 

the As SPG, SPM are equiangular, and 
therefore similar. 

SG ; SP — SP ; PM — the eccentricity. 

Proposition 77 

If PG is the normal at P, and GK is drawn 
perfwndicular to 
SP, then PK is 
equal to half the 
latus rectum. 

In As SPN, 
SGK, 

Right L SNP 
— right Z.SKG. 
^S is common. 
A s a r o 

equiangular. /. they are similar. 

.\ sk:sn=sg : sp 

= the eccentricity (Prop. 76), 
t.e., SK — e . SN. 

But SP = e.PM«e;XN. 

SP - SK = e (XN - SN) ; 
or PK =5 e . SX 

« half the latus. rectum. 
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beginner to, have an arrangement with a local 
Wholesale florist, but, failing that, there are many 
regular wreath factors in the trade ready to supply 
all kinds of mementos on demand. For an opening 
stock, four marble wreaths, with stands, of assorted 
kinds, would be necessary. These would cost about 
£8 15s. Then six enamel wreaths would be ordered 
at a cost of about £1 lfis., and on^ dozen preserved 
flower wreaths (18s.). A suitable selection of 
inscription glasses, vases, and graveside decorations 
could be obtained for £1. In stationery, funeral 
cards (such as are given to cord- holders and 
paU-bcarers) would cost about 12s., while ordinary 
office stationery and books would absorb another 
£2 10s. That is all the stock necessary for the sale 
shop. For the workshop the stock would include 
1 doz. assorted deals of oak, ash, and elm, cut to 
| in, thickness (£5 8s.) ; 300 ft. of suitable mouldings 
(£1 5s.) ; 1 doz. deals of third quality yellow pine, 
red pine, or white pine (£3 (is.), and 40 yd. of lining 
for bottoms (£1 13s.). These would all be stacked, 
dried, and used as required. Then in cloths for 
covering or lining coffins, etc., there would be 
obtained one piece each of black (£2 5s.), white 
cotton (15s.), und embossed (£1 3s. 4d.), and half a 
piece of velveteen (£2 (is.). The black cloth is in 
45-yd. lengths, the white and the embossed in 40-yd. 
pieces, and the velveteen in 30 yd. Besides these, 
there would be 2 doz. side-sheets (for placing up the 
sides of the coffin and folding over the body), one 
quality costing 10s. (id. per doz., the other 7s. (id. ; 
J doz. embossed sheets (t)s.), and four sets of best 
sheets (18s. (Id ). Frillings would cost at least 9s. ; 
six shrouds would be l(is., and 1 doz. assorted grave- 
gowns £1 10s., while six sets of silk cords (£1 2s.) 
and 2 doz. sets of assorted cheaper quality cords 
would mean another sovereign. One piece of water- 
proof sheeting, which is often used in pi ice of zinc 
lining would co>t from 40s. to 48s. In ironmongery, 
two sets of brass mountings at £2 10s., two sets ousting 
£2, four sets costing £2, and four sets costing £1 2s., 
would give a very fair selection. These might be 
assorted brassed, and nioklc-platcd. A “ set” includes 
one name plate, side-plates, and handles for cordN, and 
where black coffins are used it will be necessary to 
have black or white mountings and lace. In such 
cases, four sets of black and four sets of white, for 
adults (3s. per set), and six sets for children (Is. (id. 
per set), would suffice. Another 15s. spent on the 
ordinary nails, screws, etc., required in completing 
the work would furnish the ironmongery depart- 
ment, and practically complete the stock. 

The Method of Procedure. When the 
relatives of the dead call, they should be ushered 
into the private room, where all particulais must 
bo noted in a book kept for the purpose. These 
include the name and address of the person giving 
the order (for he or she is responsible in law for 
payment), the name, age and occupation of 
deceased, the cause and date of death, the name 
of the doctor who attended at the death, particulars 
of the burial ground, if any, when the coffining or 
“chesting ” is to be done, the hour and day of the 
funeral, the service desired, the style, quality nud 
price of coffin, and other questions regarding local 
customs or particular desires about which you may 
not be sure. In measuring the body, one must 
take the exact length, width at the widest, and 
the depth. The coffin should be made inside at 
least 2 in. longer and 1 in. deeper than the actual 
measurements, The finished coffin should be 
delivered punctually at the time appointed. With 
regard to screwing down the lid, local custom and 
this wishes of the relatives have usually to decide. 
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The funeral arrangements differ in many localities, 
and it is the business of the undertaker to learn 
local customs. In lifting out or in, in public, the 
coffin must always be carried feet foremost. 

The Question of Prices. Prices are affected 
by many things— wages, rents, facilities, and the 
character of the opposition. They should be 
neither too high nor too low, but commensurate 
with a good class of business. The ordinary 
charge for an adult coffin averages about £3 ; but 
for customers in a poorer station of life a lowe • 
charge should he made, without loss of profit, by 
reducing the quantity and quality of the materials 
and furnishings. Varnished pine coffins of better 
qualities and richer mountings average about 
£4 4s. ; plain oak or elm, £S or £9 if polished, and 
higher prices for the best quality and superior finish. 
Where cords and tassels with brass’ side plates are 
used, 15s. to 25s. would have to be added, and 
often the coffin requires a zinc lining, which would 
increase the price by about 12s. fid., or, if soldered 
down, by about 20s. Attendance at an ordinary 
funeral is usually reckoned at £1 ; but where coffins 
are lined, extra assistance is required, and the 
charge would then be 30s. When country journeys 
or travel by rail are undertaken, the charge is 
usually 10s. per man and £1 for the undertaker 
himself, plus all outlays. Carriage by rail for a 
corpse is Is. per mile, but an empty coffin is 
carried at the usual parcel rate. For undertakings 
to long distances hires may be wanted at both ends, 
and this increases the expense. The cost of hires 
will vary according to the style of funeral carriage 
and the horses. A plain hearse should run from 
8s. to 10s. upwards per funeral, a pair-horse 
earriage from 21s. to 30s. or more. Single carriages 
for the mourners are usually hired at from 5s. to 
7s. fid. each, and pair-horse carriages from 15s. 
to 21s., according to style. A representative 
estimate for an ordinary funeral (shell and outer 
case), may be given somewhat on the following 
lines : 

Inch elm shell, covered, lined calico, side sheets, 
ruffle, mattress, pillow, etc. A stout elm case, 
with capping and plinth, French polished, engraved 
br^ss plate of inscription, four pairs of brass handles, 
and closing screws. A funeral car and pair, 
brougham and pair, superintendent and bearers, 
price £14 10s. 

Profits and Credits. The safe p’nn 
is to have a regulation scale of prices for 
coffins, which will include ordinary attendance, 
then add hires (from which a small commission 
is received), and out-of-pocket expenses. For 
an ordinary undertaking a clear profit of not lem 
than 25 per cent, should be received. For such 
as call for a good class of oak coffin, with more 
stylish work, proportionately higher charges are 
made and greater profits accrue. The usual 
credit given by the wholesale trade is one month 
with 24 per cent, discount. The undertaker should 
insist on doing a cash trade, for it is easier to get 
the money during the first flush of grief than later 
on, when the fountains have dried up somewhat. 
If there is any suspicion of pecuniary insecurity 
a surety or a deposit should be insisted upon, and 
no discounts should be given. When the 
payment of funeral expenses is to be made by a 
lawyer, a sum approximating to 0 per cent, interest 
per annum should be addea to tno bill, for legal 
luminaries are notoriously slow payers, and the 
poor undertaker may have to wait six, or sometimes 
even twelve, months for his money. In charging, 
it pays one to treat the deserving poor generously ; 



but Where it is known that working people are 
members of funeral societies and other institutions 
of that sort prompt presentation of accounts^hould 
be mode ana payment insisted upon. The business 
wohld be worked, at first at least, by the under- 
taker and two men, with perhaps a girl to attend 
to the shop during the absence of the principal. 
Undertaking is a seasonal trade, the busy time 
being from November to April, though sudden 
rushes may be experienced at any time on the 
advent of cold winds,, fogs, or epidemics. 

Cremation. From a hygienic point of view 
cremation is regarded by public health authorities 
as preferable to earth burial, and the popularity of 
this form of disposal of dead bodies is slowly 
gaining in popularity. Statistics recently pub- 
lished show that the number of cremations in 
Great Britain during 1900 was 742, an increase of 
138 on the previous year. But there is yet a deal 
of sentiment to bo overcome before cremation 
can be universally adopted ; moreover, the cost 
is prohibitive for people of ordinary means. There 
are several crematoriums in various parts of the 
country, the principal being in the neighbourhood 
of London. Woking and (holder’s Green are, 
perhaps, the best known places, and the proceedings 
are under the direction of the Cremation Society. 
When a wish for cremation is expressed, applica- 
tion in writing must first be made to the company 
by the executors or nearest relatives of the deceased 
(unless the deceased has already communicated 
such a desire during his or her lifetime), stating 
that it was the wish of the deceased to be cremated, 
or that he, or she, entertained no objection thereto. 
Upon receipt of instructions, regulation application 
forms are sent by the Society, which are filled 
up and sent to the undertaker, who makes all the 
necessary arrangements. Two certificates from 
medical men (one of whom must have attended 
the deceased), stating the cause of death, are re- 
quired, and the names and addresses of such 
medical men should bo given in full. The Crema* 
tion Society reserve the right of refusing to carry 
out a cremation without assigning any reason. 
Cremations may take place two days after 
receipt of application form. The registrar’s cer- 
tificate is required, as in ordinary earth burials, and 
it is imperative that it be sent to the undertaker 
without delay, as the Society requires its production 
before the order for cremation can be issued. A 
pine shell, covered or polished, is sufficient to 
carry the body, and it is optional, when tho body 
is about to bfe cremated, whether it be removed 
from the coffin or not; ihis is left to the decision 
of the chief mourners. Sometimes an ordinary 
outer oak case with the usual appointments is 
desired, but in these eases the outer coffin would 
not be placed in the crematorium. Cremation 
being considered only a process preparatory to 
interment, the Bishops of the Church of England 
have ordained that the Burial Service, which includes 
the committal of the body to the grave, should 
not be read until the ashes aro brought to the 
churchyard for interment. This does not, however, 
preclude a service being held in the chapel, if 
desired, prior to cremation. This service consists 
in reading the Psalms and Lessons usually read at 
funerals and one or two of the collects from the 
Burml Service. The fee to the local clergyman, 
if retained, would be £1 Is. There are waiting- 
rooms for friends during the actual process of 
cremation, of which no inspection is permitted, 
and which usually lasts an hour and a half. The 
fee for cremation is usually £5 5s., alike for adults 


and for children. As a guide to cost, ope might 
assume a cremation at Woking from London. 
There would bo conveyance of the body from any 
metropolitan station to Waterloo, with hearse and 
men, railway charges to Woking, hearse and pair 
from Woking to crematorium, attendant from 
London, cremation fees, making necessary arrange- 
ments with Cremation Society, supplying casket 
and brass plate, in all about £15 10s. for not cash. 
In estimating, the undertaker would add charges 
for his personal expenses, and would leave a margin 
for any telegrams or incidental outlays that might 
be necessary. (Vernations may be made to pay the 
undertaker fairly well ; some companies offer 
inclusive terms to undertakers from £8 8s. upwards, 
but cremation- undertaking is still an unusual 
occurrence in the career of an undertaker. 

Embalming. Sometimes a request may be 
made to the undertaker to embalm a body which 
it is desired to preserve for a short time. In America 
embalming is a common practice. The process con- 
sists in treating the body so ns to preservo it in its 
natural coloration by retarding decomposition. The 
usual method adopted is to make an incision in the 
carotid artery, and inject a solution of zinc 
chloride and salt. This fluid permeates every 
part of the organism, thus effecting the desired 
result and without leaving any unsightly traces 
of the operation. If the body is to bo sent abroad 
or is to bo kept for weeks, tho quantity of the solu- 
tion and its strength are increased and various 
incisions are made. There are several professional 
embaltners in London with whom undertakers may 
make arrangements. Their fees to the trade for 
an ordinary embalming (say preservation for a 
week), is about £5 5s. plus fares and expenses. 
Tho fees for a long period, ocean voyage and so on, 
are from £10 10s. upwards ; while complete embalm- 
ing would cost from £21 upwards. 

WATCHMAKERS 

Tn dealing with the watchmaking business we 
naturally include the vending of clocks. Watches 
and clocks have the same primary function to 
perform — namely, to indicate the time of day, and 
to a large extent, especially with the more valuable 
articles, their cases are made ornamental. 

Timekeepers are classified under three heads — 
watch as, timepiece #, and clock# — the last- mentioned 
distinguished by having a mechanism for striking 
the hour either on a bell or gong. Watches and 
clocks are classified according to the use for 
which they are intended. We have chronograph, 
split-seconds chronograph, calendar, quarter-hour, 
and minute repeating watches. In clocks we have 
hour and half-hour, striking, quarter striking, 
quarter chimes, and musical alarms. 

Watches have each their technical name relative 
to their construction, as such lever, horizontal, 
duplex, chronometer, and verge. Tho last is, how- 
ever, quite out of demand, owing to its primitive 
nature : too much friction is developed in the 
running, and the result is unreliability as a timo- 
kccjMjr for modern use. 

Clocks are propelled either by a suspended weight, 
which gives the most accurate time, or by a main- 
spring coiled into a barrel or round box. A few — very 
few — are driven by electricity. The two first must 
be stocked, if you wish to complete your assortment. 
Tho most important and accurate piece of liorologieal 
mechanism that science has been able to invent is 
the marine chronometer, swung in universal sockets, 
the effect of which is to maintain it in the same 
position continuously through all the violent 
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motions of a vessel in heavy weather. The marine 
chronometer, however, is the work of a specialist, 
and its use is limited. Therefore, you can dismiss 
it from the stock of an ordinary business, also the 
more complicated watches and clocks. They aro 
rather expensive, and require very much greater 
capital than we submit to a beginner in the busi- 
ness with a moderate sum at disposal. 

Capital and Position- Watchmakers in 
the retail branch combine jewellery with their own 
trade, and (he jeweller vice versa. Modern methods 
have compelled the two to combine. It is a rare 
thing to find a jeweller who is also a practical 
watchmaker, and the convcise applies to the 
watchmaker. The two trades arc* taught separ- 
ately, as they are run on distinctive lines. Still, 
it is possible for the member of one trade to possess 
a good theoretical knowledge of the other. So the 
reference to capital, site, etc., will be found under the 
title of Jewellers [page 3732 J, and it is applicable 
to either trade. But to go in for watches and clocks 
sufficient to make a variety, attractive and good 
in effect, another £100 is really essential, and even 
then you are able to stock only the less expensive, 
but everyday requirements, which are, after all, the 
best medium for any business. 

Where to Buy. In the watch and clock 
business — especially the former — it is difficult to 
know where to buy ; there are so many manufacturers, 
wholesale houses, and agents representing both home 
and foreign firms. The result is that the watch 
trade is cut up keenly, and the variation of 3d., (id., 
or Is. on a cheap watch is worthy of serious con- 
sideration. However, you can find out these dis- 
crepancies and their cause only after you begin busi- 
ness. You have not the remotest chance of doing 
ho beforehand. If you are a practical watchmaker, 
you can easily distinguish the degrees of difference. 
' The two leading journals are the “ Horological 
Journal,” published by the British Horological 
Institute, Northampton Square, E.C., and the 
“ Jeweller, Silversmith, and Watchmaker,” pub- 
lished at 150, High Holborn. They contain informa- 
tion regarding the doings of the trade and the leading 
manufacturers’ advertisements. Of course, there are 
many firms who do not advertise in them. You can 
find them out only by recommendation, or through 
being called upon. The latter method is realty the 
most certain, for then you get into touch with them 
personally, and their stock. The usual terms appli- 
cable to jewellery may be had in the watch business 
also. Some firms aro more rigid than others. 

In a modium class trade, you are very safe in 
stocking everyday requirements, such as oxidised 
watches, both ladies’ and gents’, and wristlets. 
Avoid the hunter or double-case watch — silver and 
gold also ; hut of those principally the latter metal 
in ladies’ size. In some districts gold watches can 
be sold better than silver watches. Then there are 
the gold-filled, gilt, and nickel, with all of whr*h be 
very careful. The field for them is chiefly in America 
and the Colonics. Complicated watches can be loft 
over till you see how things progress. Under- buy 
rather than over-buy. Overstocking is a dange.ous 
rock on which you may get wrecked at the outset 
of your career. 

Exercise your own judgment when buying, and 
do not accept the free and pushing advice in toto of 
your gonial commercial’s flattering words : ‘‘ They 
are selling,” “ We are doing well with them,” You 
are Bure to sell them,” etc., plus the offer of tempting 
terms. Clocks must be carefully studied also. For 
instance, in the large cities marble clocks are at 
a discount, but in the smaller and country towns 


they are still much in demand. City customers 

refer the light and more dainty variety. The 

iteheq alarm, the small fancy clocks for sitting 
and bed rooms, are a very sure stock. Here, also, 
have variety more than quantity to begin with. 

Stockkeeping. The care of your stock is 
exceedingly important. The difficulty is to impress 
that fact upon the mind of your assistant. See that 
all finger impressions are removed at once both 
from the outside and inside. It is the inside of the 
ease that is often neglected. You may find that 
at an unexpected moment. When snowing the 
article to a prospective purchaser, you open it 
and perhaps find a finger stain or two, and are. 
unable to remove it on account of the perspiration 
having eaten into the polished surface. Needless to 
add, it conveys its own meaning to your customer, 
with a probable loss of sale. The same remark applies 
to clocks, especially fancy brass and nickel ones. 

Profit varies from 25 per cent, to 50 per cent., all 
according to the nature and cutting competition of 
the watch. In reckoning out your profit you must 
consider not only your running expenses, but al o 
take into allowance the quiet seasons of the year. 
Watches, clocks, and jewellery are not necessaries 
of life, and with a slump in the business market of 
your district you will be one of the first to suffer. 
Therefore, you are justified in trying to get your 
J3 1 . ]h.t cent., which you can. 

Repairing. This branch of the watch business 
is one of great importance, and if you are a practical 
man you can employ your spare time in doing a pro- 
portion of your own repairs, which certainly helps to 
meet your expenses. You are also able to detect 
faults at once in either the watch or clock brought 
in for repair. 

Do not work your repairs under cost, although 
you have to come and go a little in some cases. Do 
not attempt to compete with the individual who 
works unreasonably cheaply. No watch that is 
valued reaches his hands. Guarantee all that you 
undertake. If you feel not justified in guaranteeing 
an article, say so, but offer to do the beat possible. 

WINE AND SPIRIT MERCHANTS 

Under no circumstances may a shopkeeper sell 
excisable liquors for consumption on the premises, 
but the trade for consumption “ off ” is considerable 
and growing. Legally, the conditions are very 
similar to those of the licensed victualler [see page 
3734], except that the minimum and maximum 
quantities of sales are subject to control. 

The business of the wine and spirit merchant is 
usually purely a matter of buying and selling 
proprietary goods supplied by the dealers. But 
little bottling is done by the merchants, became 
public consumption, as a rule, is confined to more 
or less well-known brands. A lower division of 
tbe business is that in which draught beer is sold. 

The wholesale side, which is outside the scope 
of these notes, as needing large capital and ex- 
perience, is represented by the wine and spirit, 
dealers, who are frequently also licensed distillers 
and rectifiers of spirit. They sometimes enter the 
retail trade (or the retailer adds the wholesale 
business to his own), and have the privilege of 
exemption from the necessity of obtaining a justices’ 
licence for premises without intercommunication 
exclusively used for the sale of excisable liquors 
and other drinks. All others (except the f avoided 
university chancellors, the vintners of the City of 
London, and the mayor and burgesses of St. Albans) 
must have a justices’ licence before an “off 
excise licence can be granted. 



Much information relative to the off-licence trade 
is given in articles on the Licensed Grocer [page 
3045], and on the Licensed Victualler [page 3734 1 , 
and they should be read in conjunction with the 
present notes. 

Employees. Employment in the trade does not 
offer very bright prospects. A start is usually made 
as a boy or learner behind the counter in a largo 
business, at from*5s. to 7s. per week. When some 
knowledge of the articles dealt in, the different 
brands, their sources, etc., has boon obtained x 
t : ie position of counter hand at about £1 a week 
may be filled, until sufficient experience has been 
acquired to enable the embryo merchant to manage 
a small off-licence, probably a brand). Brewers 
and dealers frequently run retail businesses under 
managers. The remuneration will not be more than 
from 25s. to 30s. a week, with a commission on 
trade exceeding a fixed amount, subject to the 
rate of gross profit being maintained. House 
accommodation is generally given if the shop is 
not a lock-up one. 

An alternative, and perhaps better, method of 
getting the knowledge and experience is by working 
up in the wholesale cellars. An enterprising man 
will get much information in regard to wines and 
spirits in bulk, bottling, and other processes, so 
that he may proceed to the higher branch of the 
trade if opportunities offer. He will lack the 
retail experience, but a smart man will be able to 
act ob counter hand and soon make up his deficiencies 
in this respect. 

Capital. More cash is required by the 
beginner in this trade than in the very similar trade 
of the licensed victualler. The system of tied 
houses does not prevail (except among some of the 
draught- beer businesses), and consequently brewers 
and distillers do not often assist the licensed shop- 
keeper, the trade, moreover, not being so great a 
security nor the goodwill so valuable as in the 
case of the publican. Another important reason is 
that the trade is largely credit, and a considerable 
proportion of the capital will always be represented 
by book debts. 

A moderate-sized suburban business, the trade 
of which, when well worked, should amount to 
about £50 a week, may be taken as an example of 
the type for the beginner. The lease, fixtures, and. 
goodwill of such a business would be purchased for 
from £300 to £350. A business of this character 
and price may h ive been somewhat neglected. It 
would hardly be possible to buy at this figure if 
it were actually turning over £50 weekly, but it 
should be possible, by pushing the trade, to bring it 
quickly up to the £50. If the actual turnover be 
less than £25 or £30, the business is hardly likely to 
prove a good investment, even for the purchaser 
of the typo we assume — a man of energy, ability, 
and enterprise. 

Fixtures, fittings, and trade utensils will account 
for from £50 to £75 of the capital. The value of 
the lease will vary according to its ago and the 
rental Value. The “ off ” trade is not so personal 
as the ‘‘on,’* so the goodwill is less costly. 

The remainder of the total capital of about 
£1,000 which will be necessary for this type of 
business will be represented by stock and the 
book debts above referred to. Unless a consider- 
able amount of cash is at the retailer’s disposal he 
will lose tho discounts obtained by buying in large 
quantities, particularly Bpirits, which represent the 
Skater proportion of his profits. 

For higher-priced businesses it is simply a case 
of multiplication. As they get bigger the capital 
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required rises in fairly exact proportion, up to as ' 
much as £20,000, when the merchant usually 
becomes a dealer and licensed rectifier. With 
regard to entirely new businesses, remarks similar 
to those made in resect to publicans apply, the 
difficulty being to get magistrates to grant new 
licences. 

The Shop. The most profitable class of small 
business in this trade is that afforded by a shop in 
a suburb with houses of the average/or middle- 
class type. There will be no draught beer trade 
in such a business. The usual site conditions for 
business success apply. The site should lx) in a 
main, or other busy road, and preferably at a 
corner for display purposes. The ideal shop would 
be double fronted, and have a side entrance for a 
hand-cart or truck, and for direct access to the 
roofed outhouse storing accommodation, which is 
most useful for empties, crates, etc., but which 
rarely exists, however. 

The shop should be lofty and well ventilated, so 
that the atmosphere may be as free as possible from 
the varied odours peculiar to the wine merchant's 
mixed stock. It must not, however, be draughty 
or cold, or the shop stock will be affected, as ex- 
plained in the two previous articles, in regard to 
temjierrtturo conditions. A lock-up shop will lie 
cheap, and there will be no rates on high business 
premises assessments to pay, as these are discharged 
l>y the owner or house occupier. A railway arch 
is frequently available for a lock-up shop, and is 
cheap, but is not to be recommended, for some 
reasons which are obvious. A shop with a house 
is more usual, and is provided for in the capital 
here estimated. The offices of the broker are 
almost as indispensable as in the case of the 
licensed victualler, and the remarks made in regard 
thereto apply equally here. 

Fittings. The fixtures and fittings should 
include plenty of shelves and bins, a good counter, 
window fittings, and a hand truck. Beer-engines 
will be an extra expense. The window should be of 
the cased, airtight pattern, for, apart from artistic 
cobwebs, a display is spoilt if the bottles get dusty, 
Tho shelves, pyramids, and stands should be adapt- 
able and not fixed, for the window display will be 
of little value if it is not possible I o change it some- 
what frequently and push different lines in turn. 

In the shop there should he good counter space 
and plenty of shelving and bins. Bottles of wine 
are laid in alternate horizontal layers, -.tho first 
bottoms outward, and the next necks outward. 
Beer must be kept standing upright for sediment 
to deposit. Spirits are also usually kept upright. 

A cellar will, of course, be advisable for casks, 
and necessary if draught beer is sold. Cellar hints 4 
and stocking conditions have been previously giveu. 

The Retailer's Licences. The principles 
on which licences are applied for and obtained have 
been fully described in the two preceding articles. 

It is to be noted that by tho 1002 Act the 
justices’ discretion in regard to granting now 
retail off-licences K absolute, and this also applies 
to the renewal of off-licences granted after June 25, 
1902. This is in considerable contrast with tho 
licensed victualler, who may be refused his licence 
only on one or more of four specified grounds, and 
on compensation. 

The wine and spirit merchant may sell his goods 
under various justices’ and excise licences. Wine 
is sold by retail under an off-licence granted to shop- 
keepers uuder the Refreshment Houses Aot (cost, 
£2 10s., expiring April 1), but only in reputed pints 
and quarts and less than 2 gallons or 1 dozen 
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quarts at a time. This includes sweets. ,The owner 
of the wine-dealers* licence (cost, £10 10s.) may sell 
any quantity of wines or sweets. The off sale of 
beer is licensed to householders under the Wine 
and Beer Acts (cost, £1 5s.). The beer and wine 
retail off-licence (£3) is a combined licence. 
Spirits for off-consumption arc sold in Scotland 
and Ireland under what are called “ grocers’ ” and 
“ spirit* grocers’ ” licences (cost, Scotland, from 
£4 4s. to £13 13s., and, Ireland, £0 18s. 5d. to 
£14 6s. 7d. respectively. In England it is necessary 
first to take out the spirit-dealers’ licence (£10 10s.), 
and then the additional licences to retail off, 
liqueurs (£2 2s.) or spirits and liqueurs (£3 3s.). 

Legal Conditions. As has been previously 
indicated, the way of the licensed vendor of intoxi- 
cants is by no means easy, nor liis legal path 
straight. Heavy penalties await the off -retailer 
in many directions if he commit ail illegality, by 
overstepping the limits of his licences, or his selling 
hours, by permitting drinking on the premises or 
highway adjoining, or by allowing his goods to 
come under the cqterations of the Sale of Food and 
Drugs or Merchandise Marks Acts. Care is especially 
needed to ensure that the sale of excisable liquors 
takes place on licensed premises “ within the mean- 
ing of the Act.” 

The holder of an off-licence who accepts orders 
for l>eer given to his carman at customers’ own 
houses, the beer being then delivered at the door 
and payment received there, can be convicted of 
selling liquor at an unauthorised place, unless the 
specific goods supplied are appropriated to the 
order at the licensed premises. For there is no 
sale in law while it is uncertain to what particular 
articles the contract applies. If the order is 
received and accepted at the shop and the goods 
there appropriated, the sale is on licensed premises, 
although delivery and payment are at the customer’s 
house. Taking orders without, an excise licence — 
for instance, at an unlicensed branch to be executed 
at licensed premises— is illegal, except in the case 
of bona fide travellers. A fresh licence is required 
for each set of premises. 

Profits. Since the trade consists so largely 
of bottled goods of proprietary origin, it follows 
that price-cutting is rampant and profits reduced 
to a limit. People will onty drink what they know” 
— tint is, what is well advertised. Price-protection 
agreements are, however, now required and enforced 
by the manufacturers of several branded goods. 

The average gross profit, calculated on the 
turnover, will not bo more than 15 per cent. It 
may be a little more with a draught beer trade. 
Even these profits are possible only if the merchant 
is in a position to buy largely in order to get full 
discounts. An example of these discounts may 
be taken. Proprietary articles should be bought 
from the makers and in gross lots. Many of the 
proprietary Scotch whiskies in demand, selling at 
42s. per dozen, cost 36s. Off this, for a gross order, 
Is. a dozen will be allowed : if delivery is within, 


may bo delivered loose in baskets instead of packed 
in cases, a discount of from Is. -to 2s. will be given ; 
and then a further allowance of Is. per dozen 
for bottles returned. .The cost is thus ^ reduced 
to from 32s. to 33s. 'Phis is entirely dependent, 
however, on cash payments — within a month or so. 

Working the Business. We have 
assumed a business affording scope for development 
and a man of the requisite capability and energy. 
Such a business is to be w r orked up only by energetic, 
careful and well-thought-out canvassing. The 
owner of the business must himself, if, as is prob- 
able, his staff is insufficient, spend a part of each day 
going out to get orders in the neighbourhood. He 
must, of course, be careful not to hawk any goods ; 
the penalties are heavy. 

Circularising is of considerable assistance, but 
it must be properly done, not too promiscuously. 
Jt is most, effective when it takes the form of a 
well got -up price list, personally addressed. The 
list need not be costly, but it should be well printed 
(without expensive half-tone blocks) and well 
arranged, so that reference is easy. An important 
point is the perfection of methods of delivery. The 
larger proportion of the business will be orders for 
delivery. Two boys at 5s. or 6s. per week should 
be employed for truck delivery, so that promptness 
and rel lability may be ensured. ( Jarc should be taken 
that the delivery is not at such inconvenient times 
as meal-times, late at night, or on Sunday mornings, 

Mottles not returned by customers represent 
one of the largest sources of loss in the trade. 
Frequently customers cannot l>c charged for these 
empties, and the retailer has to be content with 
the loss. Beer bottles not returned to a wholesaler 
are always charged to the retailor’s account. 
Aerated water bottles are not so charged, the 
manufacturer in London getting back his bottles 
by means of a special bottle clearing-house. In 
the ease of wine and spirit empties, non-return 
usually means the loss of the return allowance. 
All goods delivered on order should bo accom- 
panied by a delivery-slip stating clearly the number 
of bottles, etc., sent out and returned. This is 
made out in duplicate from a book for the purpose, 
one slip being sent to the customer as a delivery 
note, and the other tiled. Deliveries and returns 
are cheeked, and then entered to the appropriate 
accounts in a socially ruled ledger. The specimen 
ruling for such a special ledger given hero combines 
the empties and cash accounts particulars in a 
comprehensive but simple form, and obviates the 
necessity for keeping separate sets of books. On 
the debtor side of tii? account entries in one or 
more of five columns give particulars of the goods 
supplied, their price being entered in the cash 
columns. The credit side shows empties returned 
and cash paid. 

It is a good plan to allow the delivery boys a 
small percentage on empties collected, and also to 
fine them for breakages. Much wastage is caused 
by breaking, which would be avoided by careful 


aay, a ten-mile radius (London), so that the goods stocking methods. 
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to ensure that it may not be overloaded and cracked. 
The ends of girders are very usually laid on a lead or 
thick felt seating [3]. 

For example, supposing one end of a loaded girder 
exerts a pressure of 25 tons on a wall, that the stone 
of which the template is made may he safely loaded 
to the extent of 20 tons per foot super, and that the 
brickwork may be safely loaded to the extent of 7 
tons to the foot super. The area of the flange resting 
on the template must equal ${}-- 1} superficial feet, 
so that if the width of the flange is' 15 in. it must 
rest for at least 12 in. of its length on the template. 
The area of wall over which the template* must dis- 
tribute the load equals y - 3*57 ft. The shape of it 
will depend on the thickness of the supporting wall, 
if this were 18 in. thi.;k, the length would have to be 
nearly 2 ft. 0 in. If the end of a girder rests on a 
stanchion or column instead of on a brick wall no 
template is required, as the area of the head is made 
ample to receive the load, and the girder is often 
secured to the stanchion by holts and nuts |4|. 
When this is done the holes should in e\e y ease 
where the girder is liable to expansion and con- 
traction with changes of temperature be in the 
form of slots to allow of a slight movement. 

Putting Together Roof Principals. 
In dealing with roof principals, these arc usually 
delivered in separate pieces, as they are too cum- 
bersome to move by road when put together. 
It is usual to form a platform of scaffold boards 
at or about the roof level, and on this these principals 
can be put together ; they will have been previously 
fitted up at the manufacturer’s yard, and should 
be refitted with little difficulty, but some small 
adjustments may have to he made, and some- 
times additional holes drilled to ensure the work 
coming together perfectly. 

The principals are put together in a horizontal 
osition on the platform described, and are then 
oisted into a vertical position and lodged on the 
templates prepared for them. In preparing the 
templates allowance must be made not only for the 
weight of the principal and the roof it carries, but 
for the possibility of a heavy load of snow and the 
effect of wind pressure. 

The foot of each end of the principal is very often 
secured to the wall by means of holding-down bolts 
and an anchor plate built in at a lower level [5J. 
These are similar to those described for the bases 
of stanchions ; the plate is built in by the brick- 
layer, amt the wall is constructed with the 
holding-down bolts, which are brought up in tho 
thickness of the wall, passed through the template 
and the foot of the principal, and the end provided 
with a sciew for the nut. 

Fitting Purlins. The purlins, in the case of 
roofs with iron principals, may be of cither iron or 
wood[5J; the former are generally bolted to the back 
of the principal, but wood purlins are fixed with bolts 
or screws to iron chairs bolted or riveted to the prin- 
cipal, and taking the place of cleats in an ordinary 
timber truss. Brackets may also be required, bolted 
to the head of the truss to support the ridge piece. 

Ironwork to Timber Roofs. Most 
timber roofs depend — partly, at least — on fastenings 
provided by the smith. These consist of bolts or 
straps of various forms, for strengthening the joints 
between adjoining timbers, and in some eases 
, jshoes and bends are also required. 

The fastening between the tie-beam and principal 
rafter is best made with a stirrup strap [6], and the 
particulars must be su pplied to the jsiuith by the 
carpenter. The strap is of wrought iron, which 
• should fie ductile, and capable of bearing a tensile 


strain of 20 tons por square inch ; it passes round 
the tie-beam, and is broad and flat ; the size depends 
on that of the roof. At each end of the strap a bolt 
with a tapped end is forged on, so that when in position 
these two ends will stand up beyond the back of 
the principal rafter. To ensure a true bearing for 
the strap, when it is not desired to cut the timber 
of the tie-beam, a bearing plate of iron is formed, 
which is secured to the under side of the tie beam by 
spikes, and may have the end turnod up and let 
into the under side. 

- A back or cover plate is provided with two perfora- 
tions ; tli is rests on the back of the principal, and the 
perforations allow tho ends of the strap to pass 
through, mid these are tightened up with nuts. 
The strap is very often placed at right angles to the 
slope of the principal rafter, hut may be inclined at 
an angle to it.' and pass round tho heel of it, which 
must be cut., ami this will require the bearing plate 
to be at a different angle. 

. Another method of fixing such a stirrup strap is 
to pass the loop round the heel of tho rafter and 
to secure the two ends by a bolt passed through 
them and the tie-beam, but this does not permit of 
tightening up the strap should the necessity arise. 

For small trusses a strap is sometimes dispensed 
with, and a bolt used : in this ease, as the two 
bearing surfaces are not parallel, a bevelled washer 
must, he provided on the underside of the tie- beam, 
against which the nut can he screwed. 

Ironwork at Foot and Head of King 
Post. A somewhat similar strap is provided for 
fastening the tie-beam and king or queen post. In 
this ease an enlarged head is formed ut each end 
of the strap, and a slot is formed in this ; irons, 
termed gibs, are provided and placed at each end of 
the slot. These secure the strap dose .to the post 
on each side, and give a level bearing for the iron 
keys or cotters , which are driven in to draw up the 
strap and the tic- beam it carries [7]. 

Straps are also required at the head of the post 
to unite the post with the timbers butting against 
it at this [>oint. These straps aro made in two 
parts, identical in form, and are placed one on caeh 
side of the timbers, and bolted together by bolts 
passing through holes provided for them in the 
straps and in the timbers, and secured with nuts |8J. 

Any bolt-head or nut that bears against a timber 
surface must be provided with a washer — that is, a 
stout plate of iron, generally circular, with a per- 
foration for the bolt. This is placed between the 
timber and the head or nut, to increase the bearing 
surface, and to avoid damaging the fibres of the 
timber. When the roof is exposed to view the edges 
of these washers may be ornamentally out and 
slightly raised for the sake of appearance. 

Straps are also often required in oollar beam 
roofs to secure the collar to the principal rafters, 
and this takes the form of a stirrup strap placed 
horizontally round the back of the principal, and 
bolted to the collar with bolts and nuts. 

All straps and bolts used with timber work require 
protection against corrosion. One method fre- 
quently adopted is to heat the metal to a blue heat 
and dip it in li.iseed oil, or dash the oil over it ii 
dipping is inconvenient. Aif such ironwork should, 
however, be painted with two coats of oil colour 
before fixing, and should be painted periodically. 

Similar straps to those described for roofs are 
often employed .in framed partitions; . but where 
bolts can be properly used for Securing joints in 
partitions, this is preferable, as projections on the 
face of the timbers interfere somewhat with the 
plastering. 
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Roofs of Timber and Iron. In compound 
roofs, formed partly of timber and partly of iron, the 
tensional members are' of iron or stool; tljose ir* 
compression of wood. In some examples only the 
king or queen posts are replaced by bolts, and the 
tie-beam is left of wood. In the first class of roof 
a east-iron head must be provided with sockets to 
receive the ends of the principal rafters, which arc 
housed into them, and through the head an iron 
bolt is passed provided with a head at the top. 
and the lower end is taken through a perforation 
in the tie-beam and provided with a nut and washer. 

If the tie-beam is replnccd with a rod a cast-iron 
shoe is also required for the foot of the rafter, which 
is housed to it, and the rod itself is passed through 
the shoe [9 j. 

These various iron fittings vary somewhat in form 
with the pitch of the roof, and in size according to 
the span of it and the strength required ; but they 
include the principal fastenings used in timber and 
composite roofs, and the illustration referred to 
gives examples of the forms described. 

Ironwork Used with Timber Beams. 

Iron plates, termed fish plates, are sometimes 
required when two timbers have to be united end 
to end [10J ; they are flat plates, the same wid t h as the 
timber, and the tensile strength of the upper and 
lower plates together must equal that of the timbers 
they unite. The two plates are perforated with 
holes exactly corresponding with perforations in the 
timbers, and bolts with nuts and washers are used for 
uniting them. The two ends of the plates may be 
bent down, and let for a short distance into the 
substance of the beams. 

Similar bolts, provided with nuts and washers, 
are required for uniting the timbers of a built-up 
bressumer, and are passed through from side to side, 
so as to unite the timbers; in some eases an iron 
or stool plate, or flitch, is inserted between the timbers 
and bolted in with them I’ll], The flitch is usually 
about } in. less in depth than the bressumer, and 
the thickness is from one-tenth to one-twelfth the 
total width of the bressumer, while the length 
corresponds with that of the timbers. 

Beams may be considerably stiffened when the 
bearing is long by the use of iron rods, forming a 
truss below the level of the beam [12]. A east-iron 
shoe is provided at each end of the beam, or the end is 
cut in a plane at right an/h to the tie-rod, and a 
strong plate fitted over it. A cast-iron strut, or 
hanger , is fixed centrally under the beam, or some- 
- times two are provided, so as to give two points of 
support. Holes are carefully bored through the 
beam, and the tic-rod is passed through the per- 
foration and under the hanger, provided with screwed 
ends, and tightened up with nuts. The depth of the 
trussing is usually about one-eighth of the length of 
the beam. 

Rain-water Gutters. Almost all roofs that 
are formed with eaves are supplied with cast-iron 
gutters, fixed below the bottom course of slates or 
tiles* to receive the water that conies off the roof and 
to convey it from the level of the roof to the ground 
level, or to some receptacle by means of east-iron 
pipes. Such gutters are made in q great variety of 
sections. The simplest is that of a half-round channel 
[15] ; each length is formed with a half socket, a t one 
end to roceive the end of the next channel, and this and 
other forms of gutter can be obtained either in straight 
pieces of various lengths or in the form of short bent 
channels where it is necessary to carry a pipe round 
an angle. Where a gutter is required to fit oq circular 
work it very usually has to be specially oast to 
fit $he nu$ve, whereas the bends neoessary for many 
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regular angles, such as those of a hexagon or octagon, 
as well as right angle bends, may usually be oh! 
tained from stock. 

The end of any length of gutter must be provided 
with a solid stopped end — that is, one with a vertical 
end east in one piece with the gutter. Sometimes 
attempts are made to close the end of an ordimw \ 
channel with a block of wood bedded in red-lead, 
but such an end cannot be relied on for long. 

Where an outlet is required, this is cast solidly 
with a short length of gnttei, and stands below thV 
sole of the gutter for three or four inches, to deli\ , j 
the water into an open rain-water head [14], or into 
a rain-water pipe, sometimes called a stack pipe, or 
d own- pipe. 

Various Sections of Gutters. Another 
suitable form of gutter is an ogee moulded gut tor, 
which has a. straight back, an<l the front moulded 
in ogee form [13]. A great variety of other forms of 
moulded eaves gutters are made which vary m 
outline and in size, and which are adapted for use 
with various styles of architecture. For nil such 
gutters stopped ends, outlets, sockets for jointing, 
and angle pieces can be obtained./- (.hitters may 
also be made to special design where it is preferred, 
but this requires additional time, as a mould must 
bo made before the gutter can be cast, and the cost 
is increased by the necessity for these special 
moulds. Most gutters can be obtained in two or 
more sizes of the same profile, and many gutters 
are also east in at least two weights, heavy and 
extra heavy. 

Rain-water Heads. Itain-wnterheadslM] 
arc usually designed to be somewhat ornamental 
in character. The upper end is of considerable 
area, so that, if necessary, two or more pipes may 
discharge into it, while the outlet is contracted to 
the size of the rain-water pipe above which it is 
placed. The plan of such a head may be semi- 
circular, rectangular, or polygonal, and the surface 
is usually moulded, and sometimes enriched. 

Rain-water Pipes. The pipes that con- 
vey the water down from the head or gutter to the 
water-butt or gully may be either circular or rect- 
angular on plan, and may be obtained in various sizes 
in both forms, and either plain or enriched. The upper 
end of each pipe is provided with a socket to receive 
the spigot end of the pipe above, and two small 
groups of mouldings are formed, one at the top, 
the other near the lower edge of the socket. Small 
pipes have projections cast on each side which 
are termed ears , and are used for fixing the pi] 1 * 1 * 
to the wall face by means of spikes, much as tacks 
are used on lead pipes. Larger pipes arc usually 
provided with loose ears, which fit round the socket 
between the upper and lower band of moulding* : 
these are often of a very ornamental character, as 
are also the heads of the spikes used for fixing them. 

Where a projection occurs in a wall it must 
either be interrupted to permit of the pipe passing, 
or the pipe is provided with a bend so as to take it p^t 
the moulding. This should be made with an easy bend 
« r 16J ; such a bend is also useful where a vertical p«p© 
lias to pass in front of a.horizontal one. If there b !,n 
offset on the wall, an offset must be provided for the 
pipe, and at the foot of the pipe there is very usu.iHy 
a projecting shoe [14], to deliver the water clear of i n© 
walls ; the pipe may discharge over an open gully 
trap, and this plan is generally adopted with s<p»inc 
pipes, or, if round, it may be connected up with a 
back or side inlet of a gully. 

Various bends are required occasionally in l>M' eS » 
though it is desirable to run them in as nearly true 
Vertical lines as possible. Many of these ben ns 
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i*tfscts, and shoes art* kept in stock, but some of wall, and may have a distinctly ornamental character 
them have usually to be specially manufactured. given to them. Either of these give a secure and 

Fixing Gutters. The joints between sue- permanent fixing, as they give direct support- to 

■ vssive lengths arc usually made in red-lead, and the the gutter. A very usual method where a fascia board 

joint is secured with small bolts and nuts [17 j. There is provided is to secure the gutter to the fascia with 

•tie various wavH of securing the gutter in its strong screws, which should be of brass (13], This 

{•roper position, and in doing this it is desirable is a cheap and easy method of fixing, but the security 

to arrange that the gutters shall not be fixed in a of the gutter depends wholly on the screws, and if 

truly horizontal position, but in an inclined one, so they rust, as iron screws are apt to do, the heavy iron 

MV to secure a slight fall in the, sole of the gutter to- gutter may tear itself away and fall with disastrous 

wards the outlet or outlets. results. 

Where the roof is not provided with a fascia. Bedding Iron Gutters. One of the safest 
wrought -iron brackets are forgerl with a twist in them: methods of fixing such a glitter is to bed it solidly 
the lower end of each bracket is shaped to receive the in a horizontal projecting course of stone or brick- 

cutter, and the upper end is perforated for screws, by work [17 1, or on the top of the wall : but this treatment 

"liieh it is fixed to the side of one of the rafters [15 1 . is possible only with certain classes of buildings, and 

In this, and in all other positions, where screws arc has some drawbacks. These are mainly that it is 
used for fixing such piping, they should be of bi ass, as difficult to give any appreciable fall to the sole of 

these will not rust as iron screws do, and it is of the the gutter, and if the outlet becomes blocked, and 

utmost importance to secure efficiently and perman- the gutter overflow's, there is a great risk of water 

ently the heavy gutters that are often used. This finding its way into the heart of the wall, or at least- 

form of bracket is very generally adopted where half- streaming dow n the face of it instead of falling clear, 
round gutters are used, and readily allows of the Fixing Heads and Pipes. The rain-water 
necessary adjustment during fixing to supply the head, like the pipes, is provided with ears cast on [14]: 

f’dl. Another form of bracket which is adopted for it is fixed by spikes driven into the wall, or, if it should 

other a round or flat-soled gutter is an Adaptation come against timber framing, by screws, and the 

“f the form known as a gallows bracket , with a outlet in the gutter must be urranged to come over 

vertical back, horizontal top, and inclined stay or it, and discharge into it. If the pipe receives the 

brace, or a simple curved bracket [15] may be em- discharge only from a single outlet, a head is not essen- 

pJoyed, Such brackets are secured to the fake of the tial, but the outlet of the gutter may be connected to 

■ o 5795 , 



PiUltDINQ 

the socket of the top pipe either directly, if it 
. comes vertically over it, or by means of a bent pipe, 
termed a swan-neck [ 13J, if it overhangs the face of t lie 
wall considerably. 

The rain-water pipe is fixed by spikes in the same 
wav driven through the ears into the joints of the 
walling. In some cases, to facilitate the painting 
of such pipes all round, hard wood blocks arc fixed 
in the walls, and the pipes are fixed to these with 
screws, and stand clear of the walls [14]. Pipes can 
also be obtained made with a broad hook cast on to 
the pipe socket, which Jits into a special form of 
socket fixed to the wall face. 

Ill a great deal of work the pipes are merely fitted 
together, the end of one pi]>e being dropped into the 
socket of the next, but the joints arc left open. They 
may, however, be made good with tow and red-lead. 
Pipes may be obtained with sockets cast on to receive 
branch pipes from either side [18] ; but where another 
rain-water pipe has to be brought in, or the water 
from a bath or lavatory, the more usual method 
is to stop the main pipe, and insert a head to receive 
the. water from the upper pipe, and also that from 
any additional pipes discharging into the head. 

Protecting Outlets and Pipes. It is 
important to protect both the gutter outlets and 
the heads, as far as possible, from the risk of leaves 
collecting or of birds building nests, which would 
block the outlets; in the ease of gutter outlets this 
is done by placing a dome of galvanised iron or 
copper wire over the outlet [31 pige5027J; this 
dome is provided with three or four long, pro- 
jecting ends which fit into the outlet and keep it in 
position, as it is not desirable to fix it permanently. 
Rain-water heads are best covered over with 
small mesh wire covers. 

The method of jointing heavy iron soil pipes 
has already been described l see page 5030]. 
It is necessary for the protection of the iron 
that the surfaces should be protected by paint 
[see Painting], and that in the ease of heads and 
gutters both the internal and external surfaces 
should be so protected. This is not possible in 
the case of the pipes, as their diameter is too small 
to allow of access to the interior, but such pipes 
may be protected by dipping them after heating into 
Dr. Angus Smith’s solution (sec pages 737 and 5320], 
which forms a protective coat both inside and out. 
This gives the pipe a somewhat ugly appearance, as it 
is nearly black and will not readily take paint, but 
may be made to do so if a coat of knotting [see 
Painting] is first applied. 

Ornamental Ironwork. Ornamental iron- 
work is employed for many purposes. It is some- 
times added purely as an ornamental feature: 
in other cases some necessary object is given an 
ornamental character where its position is promi- 
nent. It is not possible to describe fully the in- 
finite variety of uses and forms in which such iron- 
work may be utilised, and however elaborate the 
work may be in design, the details of its construc- 
tion are in most eases really simple. The various 
elements of any design in wrought ironwork are 
first forged by the smith into the required shape ; 
these may be formed from lengths of square, flat, 

; or round iron, and may be merely bent to various 
shapes, or may, in addition, be flattened out and 
formed into scrolls, or may be hammered out 
into leaves and other decorative forms. The 
various members that make up a complete design 
may be united to each other by being welded 
vtogetber, or may be secured by bands of iron 
fasteif^d round two or more pieces [19], or by means of 
*lfec:^|j.|crows for which threaded sockets are formed 


in the ironwork, or a bar may b$ passed through i 
socket in a rail prepared for it. 

When the work is of a delicate character it 
must be strengthened by some form of framed, iron 
which will bind the whole together and afford tin* 
means of fixing it. In the case of an ornament il 
panel this may consist of an enclosing frame 
within which the more delicate work is cont lined 
and which can itself be attached to the surrounding 
material, whether it be of stone, brick, terra cott.i 
or wood. In other cases strong standards or rails 
may be provided at intervals to impart stiffness 
and the means of fixing. 

Iron Finials. As examples of ironwork 
employed for purely ornamental purposes the 
wrought iron finials that are frequently used to 
terminate the ridge of a roof or the apex of a turret 
may be mentioned ; these are designed to give 
a finish to the roof, and in most cases have no other 
object. They may be comparatively simple or 
extremely elaborate, depending on the character 
of the building, anti one at least may be treated 
as a weather vane [ 20]. They are prepared by the 
smith and are fixed to a post framed to the ridge 
and carried down in the roof for some distance, and 
the lower end secured. The post has a hole bored 
through it ; this extends from the top to the bottom 
if it is a short post, or if long, for a length of, say, 0 ft. 
to 10 ft. ; the finial has an iron rod extending below 
the base, and this is passed down through the 
perforation and secured with a nut at the lower 
end. Straps are also provided, three or four in 
number, but much shorter, and these extend down 
the outside of the post and are fastened to it by 
screws or by one or more iron hands encircling the 
post. Such finials may form isolated objects or 
may he connected with a continuous wrought iron 
cresting, where the roof has a long ridge. 

For tlie most part, however, wrought iron is used 
in c onnection with building, for purposes in which 
utility is the primary reason for its selection ; 
the facility with which it can be manipulated by a 
skilled craftsman, and the permanent character 
of the work if properly protected from the action of 
the weather, render such work eminently suitable 
for ornamental treatment. 

Iron Grilles. One very usual example 
of such use of ironwork is the use of protecting 
screens or grilles. These may be required to he 
very strong and heavy in the case of external window 
openings, or they may be comparatively slight, m 1 
instance, in the case of a lift enclosure : but in both 
cases it is quite possible and usual to make such 
necessary objects ornamental. On the other hand 
they may be perfectly plain and purely utilitarian 
in character. The simplest form of protection to 
an external window is arrived at by providing a 
series of square or round iron bars set vertically "«> 
(dose together that it is impossible for even a boy 
to pass between them [26]. If the opening has i 
stone sill, the lower end of each bar may be let into 
the sill, hut the other end must be passed through 
a fiat iron bar fixed to the jamb of the opening, 
and in many cases the lower end is fixed in the same 
way, and if the opening is tall, intermediate bar* 
are required to stiffen the uprights. Such a frame 
ns described answers every requirement so far ;»* 
utility is concerned, but can in no sense be considered 
ornamental ; but a comparatively small amount <>t 
additional labour may convert it into &n object <> 
beauty. The ends of the vertical bars may be bent 
and forged into ornamental forms*; the bars them- 
selves may be twisted and the horizontal bars notcm«i. 
and other purely orxuuhental features, may be adde'i. 



Fixing Ironwork to Stone and Brick. 

There are various methods of fixing such a grille 
into the surrounding materials, depending on the 
nature of the material in which the iron is fixed 
and its position. In the case of stonework, a 
mortise is cut into the stone and the end of the bur 
or rail is inserted into it. Jf a rail has to be fixed 
between two jambs, one of the mortises must be 
cut deep enough to allow of the rail, which is, say, 
2 in. wider than the opening, being passed into it 
fur enough to allow of the other end being intro- 
duced between the jambs and then inserted in its 
mortice. For work not exposed to weather, the 
mortise may be run in with molten lend, but for 
external work cement is better. Where the ends 
of rails arc let into brick jambs, mortises must- be 
j ire pared and the ends of the rails made fast to 
them in cement. Where such protection, is re- 
quired to be fixed to wood frames the ends of the 
rails may be turned up or down and perforated 
and countersunk for screws. 

The method of fixing iron grilles in window 
openings applies to a great deal of other ironwork 
used in connection with building operations, such as 
enclosing rails to areas and similar positions let 
into stone copings and the newels and balusters of 
plain or ornamental iron balustrades to stone 
staircases [25 1. hi the case of objects of a highly 
ornamental character that come near the level of 
the eye and in which the method of fixing would he 
unsightly this may be concealed by the use of a 
separate base, ornamental in character, w T ith a 
perforation in, the centre so that it will slide up the 
standard for a short distance during the operation 
of fixing and may be afterwards returned to the 
bottom so ns to cover the leadwork [22J. 

Strap Hinges and Pivot9. The pivots 
for the strap hinges of heavy gates and doors, 
where they are hung direct to brick or stone jambs 
without any wood frame, are usually secured to 
blocks of stone, termed hoof: sUntrs. The pivots are 
formed with long, rough fangs of iron behind the 
carefully finished pin, and the surface of the stone 
has sinkings cut- in it to receive these [21 1 ; after t hey 
are in position they are run with lead, which fixes 
the ironwork in the stone, and the latter may after* 
wards be built into the wall leaving the pin pro- 
jecting. The hinges themselves are usually of 
tho form known us strap hinges, in which a broad 
plate of iron of considerable length is carried across 
the door on one face and sometimes on both, and 
bolted to it with short bolts passing through both 
the hinge and the framing of the door |23|. These 
hinges may be of an exceedingly ornamental 
character, with hammered scrolls and other orna- 
mental work extending both above and below the 
s trap itself and in some cases designed to extend 
ever a large portion of the surface of the door. 

Various Work in Wrought Iron. The 
uses of wrought iron in connection with building 
are numerous, and space will not allow' of a full dc- 
s cription of them, but a few may be briefly referred 
to, and those selected w'ill be mainly tho e which have 
to be specially prepared for their situations. Iron ties 
are sometimes required for sustaining the walls of 
a house showing signs of failure. They are long rods, 
which are passed through from side to side of the 
house, generally At a floor level, and have plates 
fixed outside the walls, through which the rods arc 
passed. At one end the rod is perforated, and a steel 
toy passed through to provide a bearing ; the other 
en jU 8 . ^pped, Md has a nut. . 

. Chimney bars are short tie bars to prevent the 
jambs of a fireplace being thrust out by the arch. 


BUILDING 

and are cambered, or bent, so as to form a centre 
for the arch ; the ends are split and turned up and 
down for building in to the brickwork. There art? 
many other fittings that are made of wrought, 
iron by special makers for fixing in buildings such as 
wrought iron window' casements and frames [27 1, iron 
doors and frames, jibs and hoists, boilers, cisterns, 
etc., but it is not possible to describe them in detail, 
and in most cases when fixing is required they may he 
secured much as already described for other fittings. 

Cast Ironwork. Cast iron has its own spec ial 
uses, but it. may be used for many purposes 
for which wrought iron is better employed. It 
is chosen on the ground of cheapness, but as it is 
east from a mould it is not, from the artistic point of 
view', so w'ell adapted to work in which there is 
much repetition as wrought, iron. Let ns con- 
sider, for example, the ease of a long length of iron 
railing where each bay is of the same design as every 
other. If the railing be of wrought iron, there will 
be slight differences in the curves and treatment 
even of a repeating design, due to the labour of 
different workmen, which will lend variety and 
beauty to the whole ; but if the railing is cast, every 
bay will issue from the same mould, and will- be 
identical and monotonous. On the other hand, the 
cast work will be very much less costly than tlm 
wrought. 

There are, however, many purposes for which 
cast iron is properly and legitimately used in 
building work, such as rainwater gutters and pipes, 
which have been already referred to. Another 
direction in which cast iron is very largely used is 
for all kinds of ranges, and it is also very extensively 
used for many forms of tire stoves and grates, which 
are made in a great variety of designs, the best of 
which arc not. only very serviceable for their purpose, 
but artistically good. 

Staircases , both circular and square in plan, are 
readily constructed of steps formed of cast iron, 
and this material is largely employed for various 
classes of fittings,' especially those used in connec- 
tion with the fitting-up of stables and some sani- 
tary fittings, such as baths and small cisterns. 

Objects formed ill cast iron which are similar to 
wrought iron ones are fixed in the same manner to 
cither stone or brick, or to joinery. 

Window frames for factory buildings are often 
formed of cast iron, and are provided with projecting 
lugs for building into tho brick walls, and arc 
subdivided by vertical and horizontal bars [24]. 

(thequer plates and gratings of various designs 
and sizes are formed of east iron. The latter are 
used both for covering channels containing hot- 
water pipes, and for admitting air to buildings 
through openings formed in the walls. Coal plates 
and manhole covers are other examples of cast iron 
used in connection with building, but in almost all 
these examples the objects are made by special 
manufacturers and supplied to the builder ready for 
fixing. 

Gasfitting. The work of the gaslitter consists 
in providing and fixing the pipes which are to 
connect the gas-meter with the various points 
throughout a building at which gas will be required, 
and these points include not only those required for 
lighting the various rooms and passages, but in 
many cases the supply of gas to gas fires, cooking 
stoves, and rings, and, in some cases, to engines. 

The cost of the piping used in gasfitting is not 
very heavy, and it is advantageous to have the 
pipes amply largo ; • there is always moisture 
present with gas, and corrosion takes place on tho 
inside of the pipe, with tho result tliut the bore 
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becomes reduced, and if, in the first place, it is only 
jiiRt adequate, the supply of gas is likely to become 
deficient. It also frequently happens that after 
the original fit ting- up of a house is complete, a 
few additional points may be added from time 
to time to supply a ring or fire, and this is greatly 
facilitated if pipes are amply large. 

Capacity of Pipes. The number of lights 
that nmy be properly supplied by any pipe may be 
estimated as follows. Take the diameter of the 
bore — that is, the internal diameter of the pipe — in 
eighths of an inch, square the number, and if the 
length of the pipe is under 1*0 ft., divide the result 
by 2, or if over fiO ft., by II : this will give the 
number of lights. Example: A 2*in. pipe has a 
diameter of six-eighths, (»-' --- 3<i, : 'f ----- IK lights, 
or V — 12 lights. In the ease of gas tires, cooking 
apparatus, gas engines, etc., the size of the pipe 
required must bo ascertained from the manu- 
facturers. 

Meter# for registering the amount of gas used are 
generally hired from the company supplying the 
gas ; they may be bought by the consumer and 
fixed as his property, but for domestic supplies the 
more usual course is to hire the meter. This is fixed 
inside the building at a point as close to the com- 
• panv’s main as possible, and no branch of any 
kind must he taken from the pipe between the 
main and the meter. It should be fixed at some 
point where it is convenient for access, as the 
register on the front of the meter must be. read 
quarterly by the inspector ; a coal-cellar, though 
not infrequently used, is a most unsuitable place. 
Mete m are of two kinds — dry and wet — and they 
ar /capable of supplying a considerably larger 
» imber of lights than their nominal capacity, which 
may be from l light up to 1,000 lights. 

Connecting to the Company's Main. 
This connection is made by the company's own work- 
men, but the ground is opened and the cost of the 
connection is borne by t he bn ilder or propriet or. An 
iron screw ferrule is used, and wrought-iron welded 
gas tubing is taken from the main to the building, 
and should be buried at least 2 ft. deep. At a con- 
venient point outside the premises a fullway brass 
stopcock is fixed in the rmi of pipe in an iron 
chamber bedded on concrete, and if the pipe 
descends from the main to the building, a ayphon 
box must be inserted on the house side of the stop- 
cock. This is also fixed below the ground level, 
and is required for collecting any condensed liquids 
that may enter the pipe from the mains. In many 
installations a self-acting governor is introduced. 
This regulates the pressure of the gas, which is apt 
to vary considerably in the mains at different times, 
and prevents gas passing through the meter at a 
pressure which will prevent its proper combustion, 
and thus allow of waste. Where a large amount of 
gas is burnt, the use of a governor may result in 
considerable economy. The connection to the meter 
is made with a heavy lead pipe, and this is connected 
to the iron pipe with a brass union. The outlet from 
the meter has also a heavy lead pipe, and a fullway 
brass stopcock, and brass union to the service pipe to 
the building. The size of the pipe both to the 
inlet and outlet is regulated by the size of the 
meter. 

The Service Pipes, In all work of an even 
moderately good quality, the pipes for conveying 
gas are made of wrought-iron welded tubing, with 
screwed connections and with elbows, bends, tecs, 
nipples, reducing sockets, caps, and plugs for intro- 
ducing where required. The usual sizes of pipes are 
J in.; f in., $ In., J in., 1 in., in., 1J in.* If in.. 


2 in., 2£ in., 21 in., 2} in., and 3 in., and the various 
details above referred to arc made to correspond. 

Composition pipes are also made of tho following 
sizes— | in., A in., $ in., in., J in., £ in., | in. 
I in., and 1 in., but they are used only for inferior 
work, and are a source of danger in a House. They 
are usually buried in the plaster of the wall, and are 
easily damaged ; for example, in hanging pictures 
nails may very easily be driven into them, leading 
to an escape of gas, and when carried in partitions 
or under floors, they may sometimes be attacked 
by rats with a similar result, and in such a case the 
source of leakage may be very difficult to detect. 
In the event of fire they are also liable to melt and 
allow an escape of gas, which may ignite. 

Running Services. The presence of moisture 
in gas has already been referred to, and this is a 
matter that affects the method of distribution in 
an important, manner. The moisture is apt to con- 
dense inside the pipes, and unless it can pass out 
of the pipe water may gradually accumulate, and 
if at any point the pipe has u clip in it, it will collect 
in the lowest part and may partially or wholly 
block the pipe. This interferes with the passage of 
gas, and may lead to the light jumping : this occurs 
when the obstruction is sufficient to check the gas 
to such an extent that considerable pressure is 
created behind the block. When this reaches a 
certain point, it drives the water before it, and the 
gas passes on to the burner, which for a short while 
burns brightly; but the water returns, creates a 
fresh obstruction, and the light becomes dim, and 
this alternation continues at regular intervals till 
the water is withdrawn. 

All pipes, therefore, should, wherever possible, 
be laid so that there is no dip at any point, and it is 
desirable that in horizontal pipes there should he a 
slight uniform fall towards the vertical pipe from 
which the branch is taken, and thence towards the 
meter. This plan cannot be always observed, but 
if a pipe is bound to descend for some distanco 
and then rise again, thus forming a dip, an outlet, 
should he provided at the lowest, point with a draw* 
off tap, so that the water, if it accumulates, can he 
drawn off. This tap should be lilted with a loose 
handle so that it cannot bo tampered with. Where 
wall brackets are employed tho supply pipe should, 
whenever possible, be brought up to them from 
the floor level, not down to them from the ceiling 
level. 

Branch Services. In many buildings it is 
convenient to divide the main service pipe very 
soon after it leaves tho meter, and to arrange for 
the lighting of different sections of a building by 
inde]»endent services : when this is done it is con- 
venient to provide each main service with a stop- 
cock so that it can be shut off when required. 

The gasfitter usually runs his pipes before the 
walls are plastered ; care must be taken to see that 
at all points to which fittings are afterwards to be 
attached, screw plugs are inserted in the open ends 
of the pipes ; otherwise the plasterer is certain to 
choke them wholly or partly with his materials. 

Fixing Pipes. The pipes are usually fixed with 
wall hooks against brick walls, and with iron or brass 
bands to woodwork. From many points of view it is 
advantageous to allow gaspipes as well as water- 
pipes to be fixed on the finished surface of the plaster, 
as it facilitates the detection of any escape ; but 
the pipes with their screwed joints are somewhat 
unsightly even if painted. They may, however, 
be covered by a small pipe casing fixed with screws 
for easy removal. In fixing the position of points 
to which fittings axe to be attached* careful 
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consideration must be given to the use that is to be is returned to its normal position by a spring, 

made of the room and, where possible, to the probable A pendant pull is also used; for external doors 

arrangement of the furniture. No gas bracket this may l>e of wrought iron or similar material ; 

should be fixed so close under a ceiling that it is for bed-rooms it. usually consists of a hanging cord 

likely to be n source of danger of fire, and any of worsted or silk, or a slide pull may be formed, 

bracket. fixed nearer than 3 ft. below a ceiling or which is similar in its action. 

other woodwork should be fixed so that it cannot A straight pull-out is very commonly fixed to 

swing sideways, and should be protected by a brass external doors, the handle formed by a knob 

or metal bell suspended over it. surrounded by a dished or sunk plate, so that the 

Gas Fittings, (las fittings are not included in knob is protected from injury, and can be easily 

most building contracts. The usual fittings are di- grasped. Between the handle of the pull and the 

vided into t wo mainclasses-/;e?^w//r7f/wf/Af, which are bell on the bell-board it is essential there should 

suspended from the ceiling, and will bracked, which be a continuous connection that is not liable to 

are fixed against the wall. They are usually attached stretch. 

to the pipes by screw joints, but are provided with Belt wire is usually drawn copper wire from 
a flange which may be screwed to wood bosses fixed No. lfi to No. It) B. W. (b, and this should be 

to either the ceiling or wall. Pendants may he thoroughly stretched before fixing, as it is important 

either fixed or provided with a ball and socket that it should not stretch after it is fixed ; if the 

joint so that they can be moved to one side and boll is to be efficient the wire must continue per- 

rotated if necessary; they may be fitted with a fectlv taut throughout its length, ft very rarely 

single light or with any larger number required, and happens, however, that the wire can be stretched 

are manufactured in an almost infinite variety of in a straight line between the pull and the bell ; 

design and price. where any change of direction is made this must be 

Brackets are also attached by screwed joints to done by means of a crank or a wheel. The crank [28 J 

the pipe, and by means of flanges to wooden bosses, is a lever working on a pivot, and is generally 

and arc termed stiff brackets when they consist of cast in brass, with two arms at different angles 

a single arm carrying the burner and arc rigidly fixed corresponding with the direction of the two wires, 

to the wall, or single-swing or double-siring brackets In common u ork wires are run on the surface, a series 

when they arc movable; the latter arc sometimes a of staples are fixed to the wall, through which they are 

source of danger if they arc tixed within reach of any passed ; but in better work they are run in tubes 

inflammable substance, as they may be swung so of galvanised iron, brass, or copper buried in the 

close to it as to sol it on fire. Fixed brackets may walls. Zinc is not suitable for such tubing as, if 

be arranged, if necessary, for two or more lights, any moisture is present, a galvanic action may bo 

and. like pendants, are made in a great variety of set up between the two metals; the mouth of 

designs and vary much in cost. * the tube may be lightly enlarged into a trumpet 

Many brackets and pendants arc provided with form to prevent any chafing of the wire, 

a nozzle fitted with a tap to which a standard gas The Wheel and Chain. The drawback to 
lamp or a small gas ring or similar apparatus may the crank is that the end of either arm, when the 

be attached by means of a flexible indiarubber or bell is pulled, does not move in a straight line, 

metal tube provided with a screw attachment at both but in the arc of a circle, and the end of the wire 

ends, one of which fits in to the nozzle and the attached to it, though it moves in the main laterally, 

other to the fitting. Except for such fittings has also a slight vertical movement ; to avoid this 

which require only temporary attachment, india- a wheel and chain [29] is substituted in good work, 

rubber tubing is not used for conveying gas. The wheels arc of brass, with a grooved edge. 

Bell Hanging. A few years ago mechanical mounted in a brass frame, and a short length of 

!>ells were uRed exclusively ; the introduction of flexible brass chain is employed, to which the two 

electric and, to a less extent, of pneumatic bells, wires are attached ; the advantages of this system ate 

has to a great extent limited the use of mechanical that the pull is always in the same direction, and 

hells, but they are still employed, and arc reliable that the wheel allows of the wires being run at 

if well fitted up. either an acute or obtuse angle to each other more 

The bell is formed of an alloy of tin and cop}>er, readily than does the crank, 
and usually varies in w r eight from 14 oz. to 32 oz. Where bell wires have to be run under floors the 
Where several bells are required they must be boards over them should be fixed w ith screw's, so 

arranged of different tones, cor responding with as to allow of easy removal for repairs, 

the various roonls from which they ring. Such Fitting up bells is a process that requires consider- 
bells arc usually lacquered to prevent corrosion. able care, as the efficiency of the bell depends on 

They may be fitted up with a small pendulum, the wire being perfectly taut, and being mairt- 

which will swing when the bell is rung, and continue tained in that condition. If the wires become slack, 

to swing after the sound has ceased, thus indicat- the bell is not acted upon when the pull is moved 

ing which bell has been pulled. In this system unless it is very violently jerked, and this is liable 

every room that has a bell-pull must have a separate to snap the wire. 

bell to correspond with it; these are generally The cranks or wheels are fixed with screws to any 
arranged on a bell board fitted in the kitchen or convenient joinery or to plugs driven into brick 

other convenient place. The bell is hung on one walls, and must l>e arranged so that when the wire 

end of a spiral spring, the other end is attached to is taut it will pass straight through the intor- 

a bell carriage which is fixed on a pivot to the board mediate tubing without rubbing against the sides, 

and which allows of a lever being pulled, causing the The wires are passed through eyes formed in the 

bell to oscillate and ring. angles of the cranks, and tho end is returned and 

Beil Fittings* The bell-pull is made in various neatly whipped round tho wire, making it fast; in 

forms; for sitting-rooms it usually consists of a lever the ease of chains, similar eyes arc provided, 

handle which, when pressed down, revolves a metal Where several bells are fitted on one board care 

drum to which a short roller chain is attached con- must be taken to see that they in no way interfere 

tweted with the wire, and, when released, the handle with each other. 

Continued 
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PRONOUNS 

Personal Pronouns— continued 


11. It is important to distinguish between leur 
as a personal pronoun and leur as a possessive 
adjective. As a pronoun, leur is both masculine 
and feminine, and never takes s. It is mainly, but 
not exclusively, used with reference to persons : 

Malgre. V ingratitude des homines, il ne faut pna sc 
d icon eager de leur fa ire da bien, In spite of the 
ingratitude of men, we must not grow weary 
(discouraged) of doing them good; (Je.s planks wilt 
pirir si mus ne Icur donnez de Yean, Those plants 
will die if you do not give them water. 

12. The pronoun le is variable when it. stands 
for a noun or for an adjective used substantively : 

./<: me regarde coniine la mere de ret enfant ; je la 
suts par rna tendressv pour Ini , I look upon myself 
as the mother of that child ; I am so by my affection 
for him. 

13. The pronoun It is invariable when it stands 
for (a) an adjective, (6) a noun used adjeetively, (r) 
an infinitive, or (d) a whole clause : 

(a) Cette, femme, cst belle, main rile, ne le sera jxts 
tou jours, That woman is good-looking, but she will 
not always be so; 

(b) Ceux qui sont amis de tout le mondc ne le 
sont de, personne , Those who are friends (friendly) 
with everybody are so with nobody; 

(c) Ce8 homines font Lien de sc earlier ; ils doivent 
le faire, These men do well to keep themselves 
retired (lit. to hide themselves) ; they must do so. 

(d) Si le public a eu quelque indulgence pour moi, 
je le dois a ivtre protection, If the public has had 
some indulgence for me, 1 owe it to your protection. 


14. Le, la, les, may be placed between the pro- 
noun c<; and the verb etre if they refer to inanimate 
objects and are not followed by a relative clause : Est- 
er Id voire grammaire, ? Oui, ce Vest, Is that your 
grammar ? Yes, it is ; Sont-ce vos maisons ? Oui , 
ce le s sont. Are those your houses ? Yes, they are. 

1«5. When the pronoun refers to persons, or is 
followed by a relative clause, it is better to use 
lui, eux, die, dies: Sont-ce vos amis 't Oui , ce sont 
ntx. Are those your friends ? Yes, they are ; Est-cc 
l<\ cot re maison r Oui, c y est die qu’on aper$oil parmi 
les arbres. Is that your house ? Yes. that is it which 
you perceive among the trees. 

Iff. Sot is both masculine and feminine, but 
always singular. When used of persons, it can only 
refer to an indefinite subject, such as on, chacun , 
quiconqne , personne, tout le, monde, tout homme, etc : 
On a souvent hesoin d'un plus petit que soi , One 
often has need of one smaller than oneself; Chacun 
pour soi , each for himself. But we must say : Cet 
horn me ne park qm de lui. That man speaks about 
himself alone. 


17. When soi is used of inanimate objects, it may 
refer to a deffnite subject : La vertu est a i triable en 
soi, Virtue is lovable in itself. 

^ When several verbs having the same pro- 
rouo as subject are not joined by a conjunction, 

% «wo . V. 


that pronoun may be either repeated before each 
of them or used before the first- of them only ; Tu 
aimeras tes ennemis , tu beniras ceux qui te man- 
dissent , Tliou Hhalt love thy enemies, thou shtdt 
bless those that curse thee; Li ere d son desespoir, 
il s' arraehe les chevenx , sc route sur le sable, appdle. 
en vain a son secours la cruelle mod. Abandoned to 
his despair, he tears his hair, rolls on the sand, 
vainly culls cruel death to his help. 

10. When verbs having the same pronoun as 
subject arc joined by one of the conjunctions et, on, 
metis, ni, the repetition of the subject is optional 
and a matter of style : Nous aeons dit et nous allons 
prouver qu'il ny a jxts de honhrur sans la vertu. We 
have said, and we are going to prove, that there is 
no happiness without virtue. 

20. When verbs having the same pronoun as 
subject are joined by any conjunction except et, on, 
nui is, ni, that subject must be repeated : l’o?<$ senz 
r raiment rstimls, si vous etes sagts it modesles, You 
will be really esteemed if you are wise and modest. 

* 21. When, of two verbs having the same pronoun 

as subject, the first is affirmative and the second 
negative, the repetition of the pronoun is optional : 
Je plie et ne romps pas (Je [die et je ne romps pas), 
1 bend and do not break. 

22. When of two verbs having the Same pronoun 
as subject, the first is negative and the second 
affirmative, that pronoun must be used before each 
verb : Je ne romps jxis, mais je die, I do not break, 
but I bend. 

23. When several verbs have the same pronoun 
as their object, that pronoun must be repeated if the 
verbs are in a simple tense : Les mods et les vivants 
se succedent et sc remplacent conti nudlement, The dead 
and the living continually succeed and replace each 
other. 

24. If the verbs which have a pronoun for their 
common object are in a compound tense, that 
object does not require to bo repeated. In that case, 
however, the auxiliary is also omitted : Ils nous ont 
rencontres et saints. They met and bowed to us. 

25. If the pronoun which is the common object of 
two or inoro verbs is not governed in the same 
case by each of them, it must bo repeated : Ils nous 
ont rencontres et nous ont parle, They met us and 
spoke to us. 

II, Demonstrative Pronouns 

1. What is known as the pleonastic use of ce— 
that is, the use of ce when the sense of the sentence 
does not require it, and when, indeed, it has no 
equivalent in the English sentence — is subject to 
the following rules ; 

(«) When the nouns which are respectively the 
subject and the attribute of some tense of the 
verb Hre can change places without materially 
affecting the sense <3 the sentence, the verb may 
take ce before it, and very generally does so : * La 
vraie noblesse, e'est la vertu {La irate noUesse est la 
vertu), True nobility is virtue. , i 
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(6) When both the subject and the attribute of 
fire are infinitives, the verb must l>e preceded by ce ; 
Tramiller cTest prier , To work is to pray. 

(c) If the verb is negative, the use of ce before it 
ds not necessary; Briucr n’est pas re pondrc, Burning 
is not answering. 

(d) The negative verb may begin the sentence. 
In that case it must be preceded by ce, and the second 
infinitive takes either que de, or que alone before it : 
Ce neat pan repondre que de hr (tier. 

(e) Ce is not used before etre if its subject only is 
an infinitive : Bien ecovter eat. une des plus grande a 
qualites de la conversation , To listen well is one of 
the greatest qualities of conversation. 

(/) When a sentence begins with ce qui , ce. que , or 
ce dont , the verb etre takes ce. before it if it is fol- 
lowed by n noun or by an infinitive : Ce qui 
m' indig ne le plus , c' est l' injustice des homines , What 
makes me most indignant is the injustice of men. 

(/) When in a sentence beginning with ce qui, ce 
que, or ce dont, the verb etre is followed by an 
adjective, it does not take ce before it : Ce que rous 
nous ditesld est absurde, Wlmt you are telling us is 
absurd. 

2. In English, the relative pronoun may have a 
whole clause for its antecedent ; in French the 
relative must be preceded by ce : II trouvait sa 
bonne menagere qui lui souriait a tracers les vapeurs 
du repas du soir , ce qui lui rejouissait fort le ca ur , 
He used to find his good housewife, who smiled at 
him through the fumes of the evening meal, which 
greatly delighted his heart. 

3. In English, “all”, may immediately precede 
a relative pronoun. In French, ce must be. placed 
between them : Tout ce quit voyait lui semblait 
admirable, All that he saw seemed to him (to be) 
admirable. 

4. If “ all ” refers to several persons or objects, 
ceux or relies must be used between it and the 
relative : II cst respecte de tons ceux qui le conna issent. 
He is respected by all who know him. 

5. The demonstrative pronouns celui, ceUe , ceux, 
relics , may not immediately precede an adjective 
or a participle, as is frequently the ease in English. 
It is, consequently, incorrect to say: Les nombres 
ordinaux se torment des cardinaux ; dans ceux ter- 
ming cn f, on change f en vieme. The proper 
construction is : Les nombres ordinaux sc forment 
des cardinaux ; dans ceux qui sont termines cn f, on 
change f en vieme, The ordinal numbers are formed 
from the cardinal ; in those which end in f, f is 
changed into vilme. 

6. When referring to persons or objects previ- 
ously mentioned, celui-lA, celle -la, ceux-ld, cdles-ld, 
indicate the former, whilst celui-ci, ceUe -ci, ceux-ci, 
ceUes-ci indicate the latter : Oh disait de Fenelon 
en le comparant d Bossuet, que celui-ci prouvait la 
religion et que cdui-ld la faisait aimer. It was said 
of jgenelon, in comparing him with Bossuet, that 
the latter* proved religion, and that the former 
caused it to be loved. 

7. Ceci is used to indicate a statement that is 
going to be made, and cela a statement that has 
just been made: Betenez bien ceci; il faut Hre juste 
envers tout le monde , Bear this well in inind : you 
must be just to everybody. 11 faut aimer son 
prochain comme soi mime; n'ouhliez jamais cela , 
You must love your neighbour as yourself ; never 
forget that. 

8. Colloquially and familiarly, cela is contracted, 
into pa , : guana mime U rCy gagnerait que ting 
jrancs t c'cst toujour* pa. Even though he should 
earn only fi vefrancs at it, it’s always that much. 
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9. In familiar language, eda {pa) is sometimes 
applied to persons : Regardez ces enfants ; cela est 
heureux ; cela nr faitque jouer , Look at those children ; 
they are happy; they do nothing but play. 

10. When cela is the subject of etre it is sometimes 
divided into two words, ce eoming before the verb, 
and Id (with the grave accent) after it : O' cst Id une 
him rude tdche que tv us entrepremz , That is a very 
difficult task you are undcrtakijig. 

1 1. Adjectives used nttributively in connection 
with ceci and cela take the preposition de before 
them: (Test un discours qui a red de bon; il n est 
pas long. It is a speech that has this good (about 
it) ; it is not long. 

III. Relative Pronouns 

1. The relative pronoun should be ns near its 
antecedent as possible. The neglect of this rule 
produces ambiguity, and sometimes nonsense. 
The absurdity is obvious in : J'apportr. des joujoux 
fxnir men enfants qui sont dans ma jnche. It must 
he avoided by saying: J'apporte \X)ur mes enfants 
des joujoux qui sont dans ma jxjchc, I have brought for 
my children some toys that are in my pocket. 

2. Sometimes it is not possible to avoid ambiguity 
bv bringing the antecedent and the relative close 
together. In that ease the ambiguity is removed 
by using tcquel, laqnelle, duqud, de laqudle, instead 
of qui, que , dont: Tons les rayageurs out parle de 
la fertility de ce pays , laqnelle est veritable ment 
extraordinaire , All travellers have spoken of the 
fertility of that country, which is really extra- 
ordinary. 

3. iSometiines ambiguity is avoided by putting the 
conjunction et between the relative and a noun, 
and thus indicating that this particular noun is not 
intended to be the antecedent of the relative : 
Nos soldats, acharncs d la \tfjur suite des ennemis , et 
qui nc ronnaissaient )Xfs la dis/xisition du terrain , 
se trouverent bientot sc pares les uns des a litres par les 
marais et les fond Her es, Our soldiers (who were) 
doggedly intent on the pursuit of the enemy, and 
who did not know the lie of the land, soon found 
themselves separated from each other by the 
marshes and the quagmires. 

4. If the antecedent of a relative pronoun is a noun, 
or a personal pronoun preceded by a preposition, 
that preposition must not be repeated before tho 
relative. It is therefore incorrect to say: C'esld 
lui it qui je parle. The relative must be replaced by 
the conjunction que : (Test d lui que jc parle , It 
is to him that I am speaking. It is permissible, 
however, to omit the preposition before tho ante- 
cedent, and to place it before the relative : (Test 
lui d qui je fxirle , It is he to whom I am speaking ; 
(Test mon pire dont il parle. It. is my father he is 
talking about. 

o. If the antecedent of the relative is a personal 
pronoun in the conjunctive form, that pronoun 
must be repeated in the disjunctive form before 
the relative: 11 itait inutile de lui jxirler, d lui qui 
nc comprcnait. pas le franpais, It was useless 
speaking to him, who did not understand French. 

0. Qui has neither gender, number, nor person 
of its own, but it communicates the number and per- 
son of its antecedent to tho verb of which it is the 
subject, and tho gender and number of that ante- 
cedent to udjeetives or participles in agreement 
with it: (Test mot qui suis charge de vous conduirc, 
It is I who am commissioned to conduct you. 

7. There is a construction in which a noun is 
joined by comme to the personal pronoun imme- 
diately preceding qui. In that case the noun, not the 
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personal pronoun, is the antecedent-, and the agree- 
ment is with that noun : Ce nest pas nn liomme 
comma vans qui se par matt rail d 1 employer de trllrs 
fxtroles , It is not a man like yourself who would 
allow himself to use such words. 

8. Qui with a finite tense is frequently used in 
French instead of the English present participle: 
Lc voild qui vicnl la-bets. , There he is coming yonder. 

9. Qui preceded hy a preposition refers to persons 
only. After a preposition, the relative referring to 
animals or inanimate objects must he Icquil . 
Ififjuelle , etc. : II fast him choisir Ics pirson ues it qui 
on donna sa con fiance. We should carefully choose 
the persons on whom we bestow our confidence ; 
C'es tt une condition sans laqucllc. jr. nr consent irai 
d ricn, It is a condition without which I will not 
consent to anything. 

10. Sometimes, when the antecedent is vague 
and indefinite, such as ce. voild. rim , the relative 
qnoi is used instead of IcqucI, etc., after a preposit ion : 
II ny a rim sur qnoi on ait pins ecrit. There is 
nothing about which more has been written. 

11. The expression dr qnoi is used to indicate 
means, cause, sufficiency: 11 nist pas rich*, tnais 
il a dr qnoi rim, He is not rich, but he lias enough 
to live on. 

12. Dovt is used for both masculine and feminine, 
singular and plural. 1 1 may refer to persons or things : 
(Test un horn me dont lc mirite. egalc. la nuissancc. 
He is a man whore merit equals his birth : 11 ny a 
point dc mal dont il ne naissi un him. There is no evil 
from whieli there does not spring some good: Voild 
des li ms dont la lecture vans intiressera . There are 
some books of whieli the reading will interest you. 

13. l>ont. cannot be preceded hy ii preposition. 
When there is a preposition, the relative must he 
either dc qui , or dnquvl, dc laqucllc , etc., for persons, 
and duquel, dc laqucllc , etc., alone, for things: 
(Test un guide, d l' experience, de qui rous pmvez 
toujours rons fier. Tic is a guide, to whose experience 
you can always trust ; Jtcnterciez /'ami an devour - 
ment duquel rous dvvez la liberie , Thank the friend 
to whose devotedness you owe your liberty; 11 y 
avail Id qudques arbres sous lc feuiltage desquels nous 
nous mimes d Valeri, There were there a few trees, 
beneath the foliage of which we sheltered ourselves. 

14. In expressions referring to extraction, origin, 
etc., dont has a figurative meaning. The literal 
meaning is expressed by doit : La maison dont 
il sort , The house (family) from which he comes; 
Im maison d' oil il sort. The house out of which he 
eomos. 

15. In English, the noun following whose is never 
accompanied by the article. In French, the noun 
after dovt always takes the article : ‘ (fast un 
ecrivain dont les (mens soul counties dr tout lc 
mondc , He is a w'riter whose works are known hy 
everybody. 

It). In English, the noun following whose may 
bo either the subject or the object of the relative 
clause. In French, only the subject of the relative 
elauso can come immediately after the verb : 
«/c plains le.s lahoureitrs dovt les champs out etc 
devaste.s par V inundation, I pity the husbandmen 
whose fields have been devastated hy the inundation : 
Jc plains les labourcurs dont V inundation a devast e 
les champs , 1 pity the husbandmen whose fields 
the inundation has devastated. 

17. The relative pronoun may never be omitted 
in French, as it ficquently is in English : Jc viens 
dc reccvoir unelettrc dc la dame que nous aeons ren ■ 


contree la scmainc derniere, I have just received a 
letter from the lady we met last w r eek. 

18. The English construction which consists in 
putting a preposition at the end of a relative clause, 
with or without the relative, is inadmissible ip 
French : T r ot7d lc monsieur avee qui nous sommrs 
ren vs dc Lovdrcs , There is the gentleman whom 
we came from London with (with whom we came 
from London): Ce stmt les amis dont jc rous ai 
pari*'. They are the friends I spoke to you about. 

IV. Indefinite Pronouns 

1. Autrui is never used as the subject of a verb, 
and very seldom without a preposition before it. 
It is more vague and general in its meaning than 
autre*’. Attcndez d' autrui ce que vous fades d 
autrui , Expect from others w hat you do to others. 

2. Chacun may have either son, sa, ses, or Imr, 
h nr* for its corresponding possessive : 

(a) When chacun is the subject of the verb, 
pos>ession is expressed by son. sa, ses : Chacun doit 
corriger It devoir dc son roisin , Each one must correct 
hi* neighbour's exercise. 

(b) Chacun is followed by son, sa, se*. when it 
comes after the object of the verb and is not necessary 
to complete the sense of the sentence : lls out 
donnr Imr avis, chacun scion ses rues. They have 
given their advice, each according to his view's. 

(r) When chacun is placed before tie* direct object 
of the verb it takes fair , lairs as its possessive : 
Ces ib u.r gen*' raux out chacun fair mi rite. Those two 
generals have each their merit ; Les (die i lies bdtissent 
chacinif lc nr cellule. Bees build each their own cell; 
Les langurs out chant nc, b ur biza rimes. Languages 
have each their own peeiiliarit ies. 

( d ) When the verb is in the first or second 
person plural, the posscssivcs corresponding with 
chacun are, respectively, not re, nos, and voire, ros: 
Nous devons sccourir les malhrvrcnx chacun sdon 
nos moyms , We should help the needy, each accord- 
ing to our means. 

(e) The reflexive pmiibun corresponding with 
chacunr js se, soi ; Chacun pour so i. each one for 
li imself. 

3. Personiic, meaning somebody, anybody, is 
always masculine. In connection with nc. it means 
nobody : Nous a rous attendn deux h cures, mats 
personue nest rant. We waited two hours, but 
nobody came. 

4. Qnelqnun , meaning somebody, anybody, is 
always masculine: Qnelqnun ad -il jamais dovte, 
serimsement dr. V existence : de Dieu V Has anybody 
ever seriously doubted the existence of Hod ? 

It is sometimes used in the plural with the mean- 
ing of some, a few : Quelques-uns anient lout lc 
contra ire. Some believe the very opposite. 

5. Quel que, chose, meaning something, anything, is 
masculine, though formed from the feminine noun 
chose : Si Von vous ofjre quelque chose, nc lc ref use z 
pis. If you are offered anything, do not refuse it. 

This is to be distinguished from quelque chose que, 
whatever, in which chose is a noun, and consequently 
feminine : Quelque chose qu it ait faite , vous ne. 
dcve.z pas rons en etonner, Whatever he has done, you 
cannot tw surprised at it. 

(> Quiconque , whoever, is masculine, anti luxs no 
plural : Quiconque. n observe r a pas cetlc loi sera 
puni. Whoever does not observe this law shall 
be punished. 

Note. The indefinite personal pronoun on has 
already been dealt with as a [>ersonal pronoun. 
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SPANISH “t Sr By Amalia de Alberti & H. S. Duncan 


GENERAL CORRESPONDENCE 
Modes of Address 

'Hie chief point to !>o remembered is th»\t Don 
and Dona must always be followed by a Christian 
name, while Se.nor and Sonora, which are used with 
the surname, precede Don in formal address. Full 
formal address is Sr nor Don Pedro dr. Ayala. 

In introducing one person to another, and in 
shaking of him, rise El Sc nor de Ayala ; and in 
direct address, Senor dr. Ayala. 

On slight acquaintance, Don Prdro would be 
permissible, both from men and women. It is also 
quite correct in Spain for a huly to address a gentle- 
man by his surname, without any prelix, if they are 
groat friends. In such a rase, therefore, Ayala would 
lie permissible from a lady as well as from a man. 

Sehorito and schorila are the equivalents of 
Master and Miss. Soil or it a. is used with the sur- 
name to an unmarried lady : but all Indies are 
Doha, whether married or single, which, in the case 
of an elderly single lady, is a great improvement 
oil the English custom. Another privilege of 
Spanish women is that they do not lose their 
identity with marriage. For instance, if Dona 
Luisa de Guzman married the aforesaid Don Prdro 
de Ayala , she would stiU retain her own name 
among her friends, though formally, or in address- 
ing a letter, her husband’s name would lie added. 
Her full formal address would be Sehora Doha 
Luisa de Guzman de Ayala. 

The children of this couple, proud of their 
mother’s ancestry, would add her maiden name 
after their father’s and sign themselves de Ayala y 
Guzman. 

This is the origin of the long surnames so con- 
fusing to foreigners, for sometimes the names of the 
grandparents are also added in this way. For 
general purposes, however, the father’s surname 
only is used. 

The ending of a formal letter is : 

Cuy as manos beso , or, que besa sus maims, que sus 
manos besa , Who kisses your hands. 

Que sus pil'8 besa , Who kisses your feet. 

The last is used by a man to a woman only. 
This ending is nearly always abbreviated, as will 
be seen from the list of abbreviations given later. 
It is used in all correspondence, except that between 
tradesmen and their customers. 

Model Letters 

Dear Madam, Muy Sra mia, 

I have received your He reeibulo su carta 
letter and beg to thank y le agradozco su amable 
you for your invitation invitacion para el 20 
for the, 20tli inst., which del Cte, que accpto eon 
I have much pleasure in mucho gusto, 
accepting. Me pongo a los pics de 

Yours sincerely, Vd, 

- A. B. A. B. 

Mr. and Mrs. S. have El Senor y la, Senora 
much pleasure in accept- de S. aceptan con mucho 
ing Mr£ M.’s kind in- gusto la amable invita- 
vitatioti, and will be cion de la Seftora de M. 
delighted to be present y temlran mucho gusto 
at the hall on the 29th en asistir al baile del 29 
of this month. Cte. 

My dear friend, Mi apreciable amigo. 

Will you give me jQuiere Vd darrne el 
the pleasure of dining gusto de comer con- 


with mo the day after 
to - morrow, Thursday ‘i 
After dinner wo will go 
to the Opera, ami as 1 
suppose you intend to go 
to the ball at the English 
Embassy, wo can go 
together. 

Yours aff ly , 

L. B. 

My dear friend, 

I am so sorry to have 
been out when you 
called this afternoon. I 
will call to-morrow at 
about four, in the hope 
of finding you at home ; 
but if you have any 
other engage men t don’t 
mind ; another day will 
do. 

Aff ly yours, 

D. A. 


migo pasado mnnann, 
Juovcm ? 

Despues de comer 
ire i nos a la Opera, y 
eomo su pongo quo piensa 
asistir al baile de la 
Emhajada Inglesa, po- 
dremos ir juntos. 

Suyo all’ll 10 , 

L. B. 

Mi querida umiga, 

Ciianto siento no 
liabcr cstado en easa 
eunndo vino Vd. esta 
tarde. Ire a verla man- 
ana a eso de las euatro 
es])erando eneontrarla en 
easa; pero si tieno otro 
compromiso no import a ; 
otro dia sent 

Suya affma, 

D. A. 


Dear Madam, 

Maria Gutiorroz, who 
tells mo that she was in 
your service as lady’s- 
maid for two years, 
wishes me to engage her 
on the same terms and 
salary. I should bo 
much obliged if you 
would give mo her 
character. Abovo all I 
wish to know if she is 
strictly honest. 

1 remain, 

Yours truly, 

B. C. 

Dear Sir, 

I regret that I cannot 
grant your request. My 
present circumstances 
do not permit me to 
disburse the sum men- 
tioned. 

Yours faithfully, 
Dear Sir, 

1 am surprised at your 
silence. The business in 
question is of too much 
importance to admit of 
delay. 

Hoping for an answer 
by return of post, 

I remain, 

S. S. 

Dear Sir, 

I have important 
business to discuss with 
you. Will you kindly 
inform me what day and 
hour it will bo convenient 
for you to receive me ? 

I remain, 

Your obedient servant, 


Muy Sra mia, 

Maria Gutierrez, que 
me dice haber desem- 
ponado el cargo de don- 
oella en su easa por 
dos ahos, solieita emplco 
en mi easa en las mismaa 
condiciones y sueldo. 

Le agradecero quo 
tenga la bondad de in- 
formarmo acerca de ella. 
Sobre todo deseo saber 
si os persona honrada. 
Quedo do Vd, 

s. 8. 8., 

B. V. 

Muy Sr mio, 

Siento no poder acce- 
dcr a su suplica. Las 
circunstaneias en que 
me cncuentro en la 
actualidad no me per- 
miten desprendermo de 
la siima que menciona. 

S. 8. 8., 

Muy Senor mio, 

Mo sorprende su si- 
lencio. El asunto de 
que sc trata cs por demas 
importante para que lo 
dejemos pendiente. 

Esperaudo una con- 
lestacion a vuelta de 
correo, 

Quedo de Vd, 

a s. 

Muy Senor mio, 

Tcniendo que hablarle 
de un asunto impor- 
tante. iLe suplico me 
digft que dia, y hora, 
podrA recibirme ? 

Quedo de Vd, 

S. S. % Q. S. S. M. B. 
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Madam, Sen ora. 

We have received your Homos recibido su 

letter, and the order with carta y la orden qm* 

which you have kindly tienc la hondad do pns<tr- 
favoured us will receive nos la cual sera atendida 
our best and earliest con cl mayor cuid.i do v 

attention. prontitud. 

Yours faithfully, S. X. S. 

Cadiz, Cadiz, 

Hotel de Europa. Hotel de Ktiropa. 

My dear Louise, Mi (picrida Luisa, 

We arrived at this city Llegamos a esta ciudad 

on Sunday at throe in the el Domingo a las tic* <h* 
afternoon after a line la tarde, despite* do una 
passage, and in spite of travertin hermosa. y npo- 
vour prophecies you must sar do su* profomas ha 
know that I was not sea- do saber quo no mo he 
sick. in area do. 

On Monday night we El Lillies por la noche 
went to the Alameda, as fuimos a la Alameda, 
the chief promenade of quo asi se llama cl pasco 
the town is called. With dc osta ciudad, desde 
one spring one might donde ho podria muy bion 
jump, no to speak, into por deeirlo asi, do uu 
tlie sea, which surges at brineo, saltar al mar 
the foot of the walls (pie bulle al pic de las 
which surround Cadiz, murallas quo rodeau a 
To us, who are not used Cadiz. Para nosotros 
to such sights, it is mar- quo no cstamos aeostum- 
vellous. Imagine a dark brados a talcs pimora- 
night lit up by millions of mos es maravilloso. Fig- 
stars, so (dearly visible nresc una noche oscura, 
and so bright that one is alunibrada por millones 
almost afraid to watch de estrellas, tail clnrn- 
them. monte discern iblos, tan 

The English Consul in- ecntolloantes quo ensi 
troduoed me to some of causa pavor cl mirarlas. 
the principal people of Eui presentada por el 
the town, and they re- consul ingles a varias 
eeived me with the usual personas distimruidas do 
Spanish courtesy. la villa, quiones me re- 

Thcre are not many eibieron con la acostum- 
sights in Cadiz, which, brnda cortesia cspniiohi. 
as the poet says, is like No hay mucho quo v er 
a graceful and elegant on Cadiz, quo como oita 
sea-gull resting on the cl poet a es pnrecida a 
.s aves. What a pure and una gaviota (pie so 

beautiful sky ! balanoea graciosa v ele- 

From here we shall go gantc sohre las olas. 
to Seville, Cordova, and ; Que eielo tan puro y 
Granada. hormoso ! 

Your affect ionatt friend. l)c aqui iivmo< a 

Mary. Sevilla, Cordoba y (Can- 
ada. 

Tu Amiga cpie to qtiioro, 
Maui a. 

Seville, Sevilla. 

Hotel dc lnglaterrn. Hotel dc fngla terra. 

Mv dear Friend, Mi querida nmiga. 

The Spaniards say, Dicen losespanoles quo 
“ Who has not seen Seville “ Quien no ha visto a 
has not seen a marvel.’* Sevilla no hn visto mara- 
I cannot describe this villa.” No sc como 
beautiful city — its hand- describirle esta hermosa 
some shops, the walk ciudad — sun enoanta- 
called Las Dclicins, w ith doras tiendns, su paseo de 
its avenues of trees las Delicias con susaveni- 
througli which the sun das de arboles por donde 
cannot penetrate, ear- no penetra el sol, alfom- 
|ieted with scented white brados de blancas y per- 
flowers. fa Hen from the fumadas flores, caidas de 


orange-trees which form los naranjos que formal! 
the avenues, trees which esas avenidus ; .arboles 
bear fruit and blossom ciue fruetifiean, y dan 
at the same time. flores a la vez. 

With a little imaginn- Con solo imaginarse un 
tion, one might fancy poco podria' uno ereerse 
oneself carried into the trasportado al jardin de 
(harden of the Hespcr- las Hesperides ; la Girab 
idcs ; the Giralda, which da que asi se llama su 
is the name of the oath- eatedral ; el Alcazar 
edral ; the Alcazar, so tan llono de antiguo* 
full of ancient memories, recuerdos. 

My next letter will be Mi proxima carta sera 
from Cordo\a. desde Cordoba. 

Yours affectionately, Suya afectisima, 

Mary. Maria. 

Granada, Granada. 

Hotel dc la Vega. Hotel de la Vega. 

No words can describe No hay pa la bra que 
Granada: Granada the pueda describir Granada ; 
poetical ! Granada the i Granada la y A *'tica ! 
beautiful ! Granada, the j Granada la hermosa ! 
city of the Moors ! It is i Granada la ciudad dc 
impossible to imagine, los moros ! No se puede 
without seeing if, the Vd figurar sin verla l.i 
beauty and grandeur of hermosurn y grandiosi- 
thc Alhambra : but there dad de la Alambni, pero 
are so many descriptions son tantas las descrip- 
of this palace of the eiones que existen de 
Moors that I will not este palaeio de los moros, 
bother you by repenting que no quiero moles tarla 
tilings which we have so repitiendo lo que y.i, 
often read together. Hut homos leido tantas voces 
it is strange that so little juntas. Pero es de ex- 
lias been said about the traiiar que tan poco se 
Vega (Plain) dc Granada, liaya dicho noercti de l.i 
Vega de Granada. 

This plain, covered with Esta yoga sen n bra da de 
flowers, fruit -trees, wheat. fibres, arboles fmtules, 
and every kind of grain, trigo, y toda clase de 
is very beautiful, and sementera es hermosa, v 
those who do not know el que ignora el motivo al 
the reason arc surprised verla tan fructifera sc 
at its fertility, being sorfirende al saber qm* .1 
aware that sometimes veces pasan seis lueses sin 
there is no rain for six Hover, pero revelu el mis- 
months ; but the follow- torio el siguiente liecho. 
ing fact solves the invs- Los moros que eran 
tcry. The Moors, who sagaces const ruyerou 

were very ingenious, built unos canos que coimini- 
conduits communicating can con los rios Darro y 
with the rivers Dairo Genii. A la puesta del 
and Genii. At sunset a sol se toe a una cnmpnna 
bdl is rung from the on la Atalaya, abren los 
Atalava (Watch Tower), canos y el agun clara y 
the conduits are opened, limpidu eorre, regando 
and streams of clear and toda la vega. Losespafm- 
limpid water irrigate the les asocial! toda especii* 
plain. Spaniards assoei- de poet-icon recuerdos eon 
ate all kinds of poetical esta eampana, llamada 
memories with this bell, de la Vela, No he visto 
which is called the “ bell nunca nada que se pare/* 
of the watch.” ca a Grandda y sintien- 

I have never seen any- dolo en el alma me verb 
thing like Granada, and, obligada a marchar man- 
to my regret, I shall be ana de esta «herim»*i 
obliged to leave to- ciudad: Adios ! 
morrow this beautiful Tu umiga que tc quicre, 
town. Good-bye ! Maria. 

Your loving friend, 

Mary. 
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ESPERANTO 


Conti mitHl from 
piigu .1655 


By Harald Clegg 


SUFFIXES 

Besides the six prefixes dealt 
with on page* 4650 and 5373, 
Esperanto possesses about twenty 
words, or particles, which arc used 
as suffixes, and which a fleet the 
meaning of the root word in diverse 
manners as will be shown. 

They will be explained gradu- 
ally throughout the lessons, and 
will be introduced in order of 


With regard to the suffix in, if 
may here he explained that it is 
not ordinarily applied to liomo, as 
this word, although sometimes 
loosely used to point out the male 
sex, really means “ a human 
being,” and therefore includes 
femininity. When we see homo j, the 
real translation is “ people.” not 
“ men.” “ Woman ” in Esper- 
anto is ririno. 


lam', lame 
lit/, bind, tie 
mezur', //? en- 
sure (v. t.) 
wf«p/\mill(v. t.) 
mat', dumb 
mm', name 
nord', north 
orf', orphan 
jxtf', shoot, fire 


pez\ weight 
pi', pious 
plae', please, 
gratify 
jJckt', plait, 
weave 

pirn', cry, weep 
stid', south 
snpoz', suppose 
surd', deaf 


importance. ADVERBS 

In denotes tlic feminine gentler. Invariab , e Adverbs. Tho 
Example, brato, biothei , fratmo, me t] 10 d of forming adverbs from 
sister ; ; porko , pig ; / >orkino , sow. r0 ot words has alreadv been ex 


/xd', pale 
p<k\ sin 
pes\ weigli 
(v. t.) 


sere', joke 
slos', lock, fas- 
ten 

rido', widower 


Et denotes decrease or dimiiiu 
tion of degree. Example : /I mi, 
to love ; ameli, to like ; no ado, 
mountain ; monteto, hill ; hela , 
beautiful ; heleta, pretty. 

Ul denotes a person eharaeter- 
ised by the meaning expressed in 
the root word. Example : Satfa, 
w r ise ; sa(jnlo, a sage ; malhomt , 
wicked ; malbonnlo , a wicked 
person. 

Il denotes the instrument used 
to perform an action. Example : 
Plugi, to plough ; plngilo , a 
plough ; tranci, to cut ; tran Hlo, 
a knife. 

Many of these suffixes lend them- 
selves to the process of being com- 
bined in the same word. The order 
in which they appear depends oil 
the exact sense to be conveyed, 
hut the suffix which conveys the 
predominant meaning to the word 
must be placed last. 

If we take tint (fear) as the 
root word, the results of the differ- 
ent positions of the affixes would 
he as follows : 

Tmvlo, a coward ; timetulo , 
a timid person ; timuleto , a little 
coward ; tirnetuleto, a timid little 
person. 

Of course, this root word could 
be qualified still further — e.g., by 
the use of mid or in, and the fine 
shades of meaning thus obtained 
would give u great deal of trouble 
in searching for a suitable English 
equivalent. Moreover, the nature 
of these combined words very 
often permits the addition of the 
characteristics of the adjective and 
adverb, and we get words which 
can only be clumsily expressed in 
other languages. 

Example: Mahaflule, in the 
manner of a fool ; bokuzimto , a 
little cousin-in-law (female). 

Many of the suffixes, too, may, 
by themselves, form distinct 
words : 

Example : Ilo, an instrument, 
* tool ; eta, diminutive. 


plained, but beyond those there 
are in Esperanto a number of 
invariable words which are by 
their nature essentially adverbs. 
These are : 

ad kin, good-bye, adieu 

almenah , at least 

ambah, both 

ankaii , also 

an kora it , yet, still 

apemh , scarcely, hardly 

ha Ida h, soon, shortly 

denove, over again, once more 

ev, even 

for , away 

jam , already 

kvazaii , as if, as it were, as though 
nun , now' 
nttr, only 

plu, further, more 
preskah , almost, nearly 
tro, too (much) 
tre , very 

tuj , at once, immediately. 

There is little to he said in 
further explanation of these words, 
except that they sometimes lend 
themselves to the addition of the 
adjectival a or of a suffix : 

Example : Tuja re$}>ond<>, an 
immediate reply ; treege, exceed- 
ingly ; bn Ida iia venko , an early 
victory. 

Vocabulary 

mires', address fretnd strange, 

almoz', alms unacquainted 
babil', chatter frenez', crazy, 
bala', sweep (v.t.) mad 
bar', bar, ob- glad', smooth 

struct (to iron) 

blind', blind glit', glide, slide, 

(adj.) hak, hew, chop 

viz', chisel, carve skate 
do*, therefore hejt', heat (v. t.) 

drink', drink to honor', honour 
excess ins id', island 

etern', eternal kis', kiss 

fajf', whistle kok', cock 

fos', dig komb', comb 

fra hi', bache- kudr', new 
lor kupr', copper 


Exercise Xll. 

Translate into English : 

Hakilo. Vidvino. Fronidulo. 
Blindulino. lnsuleto. Fraulineto. 
Pablo. Frcnezulino. Patrinc. Fra- 
tina. Nur la strutoj oni of to 
renkontas surdulojn, mutulojn 
kaj blindulojn, kiuj estas geal- 
mo/uloj. Mi prenis miajn gliti- 
lojn por gliti sur la glacio. La 
knabineto ploris gis kiam si ne 
plu povis plori. Per kudrilo oni 
kudras, kaj per kombilo oni 
kombas la harojn. Justus in- 
suletoj on ambau la norda kaj 
suda partoj do tiu ci lando, sed 
mi ankoraii nc veturis al ili. 
Mi nun istns vidvino, car mia 
edzo jus mortis. Li prenis la 
pafilon kaj pahs fronezule (au 
kid frenc/.u lo) cion . < Ini supozas, 

ke piulo neniam ec iometo pekas. 
La serculo denove kisis la gein- 
fanetojn kaj ankau la fraulinojn. 
Mi estas preskau certa, kc vi 
estas nura trompulino. 

Translate into Esperanto: 

Although I well know your 
name and address, I do not yet 
intend to write to you. He is an 
honourable man, very rich, but 
not too happy. He took the 
scales and weighed the copper. It 
weighed only twelve pounds. The 
orphan smiled' as though she 
wished to please me. The chat- 
terer at once began again to sjieak 
about nothing: I listened for a 
short time, and then would not 
hear more. Here is a flat-iron to * 
iron with, and a key to lock the 
door. The spade and the axe are 
exceedingly useful implements. 

PREPOSITIONS 

The following is a list, of the 
remaining Prepositions, which 
must be acquired by the 
student : 

Anstataii instead of, in place 
of; Ant ah (place), before, in 
front of. ^ 
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When this preposition is used 
to denote time it is followed by 
ol or kiam. This avoids con- 
fusion, which would otherwise 
arise in phrases such as : Si 
leant is anion la princino , She 
sang before (in the presence of) 
the princess; Si kantis antan 
ol la princino. She sang before 
(previous to) the princess. 

Kiam would he preferably 
used instead of ol if another 
verb followed the complement. 

Example : Si kantis antan, 
kiam la princino at renin. She 
sang before (when) the princess 
arrived. 

In phrases such as “ Many 
years ago,’* “ Three days ago,” 
and the like. Ant a > is used to 
translate “ago.*’ Antan m nit a j 
jaroj , Antan tri tafjnj. 

Ol is always interposed when 
an infinitive immediately follow s. 
Example: Antan of bmenci , 
before commencing. 

A pud by the side of, near 
Cirkait , around, about, approxi- 
, mately 

Bum, during, while 
Inter, between, among 
fcontrail , against, opposite to 


Krom , except, not counting 
ban. according to 
Mahjran, in spite of 
Pod. after, behind 
Prefer, past 

Super, above (not touching, as 
distinguished from sur) 
These prepositions may often 
take the adverbial and adjectival 
form, besides allowing the addi- 
tion of a prefix or affix. Ex- 
ample : Mi loyas en la apnda 
down. I live in the house next 
door ; Li pa ml is, s ed dutne mi 
dormis , He spoke, but in the 
meanwhile I slept ; A antra onto, 
a contrary person. 

When prepositions are used 
as prefixes to verbs it is custom- 
ary, in order to emphasise the 
full meaning, to use them also 
after the verb. Example : La 
repo cniris en la cambron , The 
king entered (into) the room. 

Key to Exercise XI. 

Sc vi mensogus, mi vm mal- 
estimus. ha krajono nun kuAas 
sur la lito, kien vi jus gin metis. 
Ho, mia kara bofrato, eu vi volus 
iiiHulti vian proprun parcncon 't 
Si estas dekoble ]>li rica ol vi. Ju 
pli mi seias tion, des pli mi sin 


envias. Tiu, kiu volus esti felica, 
devus havi pocieneon. Li povas 
kuri po sep mcjloj kaj kvin 
okonoj en ciu horo. Oiu litero 
en la Esperanta alfabeto havas 
apart an sonon. Mi aprobus ; mi 
estus ja perfekte kontenta, se vi 
konsentus akeepti la konsilon de. 
mia eminenta amiko. Dekunnoble 
dek du faras cent tridek du, kiu 
estus la kvarona parto da kvin- 
eent dudek ok. Li acetis tri 
kvaronojn de fun to da frukto, 
kaj egalan kvanton da flava 
frnmago. Estas malpura makulo 
sur tin libro. Cu vi estus preta 
por renkonti min, se mi atendus 
duonhoron ? ha glaeio estas 
firuia kaj ehena. Id pi*u vis al mi, 
ke la legoj de tiu ci lando estas 
justaj, kvankam li konfesis, kc 
oni bezoims multe da pacienco. 
I^astan nokton ni iris al la 
teatro kaj tie ni rapide elspezis 
nian tutan monon. Tio, kio kon- 
eei uas min ne estas necese ciam 
via afero. Si rakontis al mi 
cion, kion mi volis audi. Se mi 
legus ci tiun libron po kvin dek 
pugoj en ciu tngo, mi povus gin 
rcsendi al vi proksiman semajmm. 

Continued 
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SECTION I. ACCIDENCE 
PRONOUNS 


Personal Pronouns. The pronoun of 
the first, person is tyd>, I ; and of the second 
person <n\ thou. 



Singular 


Nom. 

ty cu 

(TV 

Ace. 

ipL pi 

tri 

Gen. 

ipov, pov 

<rov 

Bat. 

ipoi. poi 



Bual 


Nom., Acr. 

vd'. we two 

(r0w. you two 

Gen., Bat. 

I’OJV 

lT(f>L) V 


Plural 


Nom. 

ijptis, we 

••pus, ya or you 

Arc. 

i)pdf 

i’pds 

Gen. 

i]pC}v 

vpwv 

Bat. 

Vfjb' 

vpiv 

The nominative of the personal pronouns is 


seldom used, except for einnhasis — e.g. : 1 save 
is acufw, not f’yw (Tufa. Tho forms ipi, epov, ipot 
are more emphatic than pi, pov, poi. 

* There is no pronoun of the third person in 
Greek, at any rate in the nominative. To trans- 
late he, we must use a demonstrative pronoun, 
such as (Kfiros, that man ; oiVos, this man 
[seo below under Demonstratives!. But for the 
oblique cases of the pronoun of the third person 
66Q6 * 
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■ — that is, for all eases except the nominative — 
the cases of airds, avri), ai Wo, himself, herself, 
itself, are used, at Vos is thus declined : 




Singular 



Mast 

Fern. 

X enter 

Nom. 

air 6s 

ain) 

air 6 

Arc. 

airin' 

airin' 

air 6 

Gen. 

avrov 

airqs 

avrov 

Bat. 


airrj 

ai/r(p 



Dual 


Nom., Acr. 

avrJj 

air a 

airib 

Gen., Bat. 

air oh 

a i rate 

airoiv 



Plural 


Nom. 

avroi 

airai 

aird 

Acr. 

a irons 

air as 

aird 

Gen. 

air we 

airwv 

air&v 

Bat. 

avrois 

airais 

aiVoi'j 


Examples of the use of at W6s : eaaxra airur, 
\ saved him ; c\fyev avrot s, He said unto them. 
But in the nominative aiV6s means self (Latin 
ipse) — as, 6 (rrparrjyos avros, the general himself ; 
ai ypass avral , the old women themselves. Note 
carefully, however, that when aMs is imme- 
diately preceded by the article, it means same 
(Latin idem) — as, 6 airbs <rrparriy6s, the same 
general ; rov avrov Tarp6s, of tho same father. 

airds is often contracted with the article in 
this latter sense, as ravrd for rb airrb, Tarry for 
rfi a try. This is called Crasis . . „.. t 



LANGUAGES — GREEK 


Reflexive Pronouns. The reflexive 
pronouns have, of course, no nominative. They 
are three in number, one for each person : 
ipavrdv (tpt aivdv), myself ; <rf avrdy (at aivdv), 
thyself; t aivdv, himself. They are thus declined : 


Singular Plural 



Masc. 

Fan. 

Mast'. 

Fan. 

A. 

ifiavrov 

epavrrjv 

j! tyuas avruvs 

i) pas aivds 

G . 

tpavrov 

tpavrijs 

:j ijpCov aividv 

rjpidv aivtbv 

D. 

ipavrtp 

ipavTrj 

j] h/Av divots 

ijpiv aivais 


Note that in the plural the two words (the 
personal pronoun and ai vds) appear separately. 
<t€Clvt6p is usually contracted into aaxvdv, thus ; 


Singular Plural 


Masc. 

Fem. 

Masc. 

Fem. 

eravrdv 

(ravT-rjv 

. vpas aivoii s 

vpas aivds 

<ravT0u 

<ra\ vrjs 

j iiptov aividv 

vpCdv aividv 

oavrtp 

<ravrrj 

' vpiv divots 

vpiv aivais 


article : tide, ijSe, rdSe ; genitive : roOde, rijerde, 
ToOSr, K. T. X. ( K . T. X. stands for kcli rd \oird , 
and the remaining things, or et cetera.) 
odroi, this, is declined as follows : 




Singular 


\jnv. 

OUTOS 

avTTj 

TOVT0 

Acc. 

TOVTOV 

Tdivt) V 

tovto 

Gen. 

roivov 

Tdivtjs 

roivov 

Dat. 

roivtp 

raivg 

roivtp 



Dual 


Nom., Acc. 

roivio 

TOVTD 

T OVTU) 

Gen., Dat. 

roirou 

roivoiv 

roivoty 



Plural 


Nom. 

OUTOt 

avrai 

raOra 

Acc. 

roivovs 

raivas 

raOra 

Gen. 

roivtov 

TOi’TlOV 

TOVTIOV 

Dat. 

roivots 

raivats 

roivots 


When these demonstrative pronouns are used 


e avrdy is usually contracted into aurov , and is 
declined like aMs. It must however be care- 
fully distinguished from the oblique cases of 
avrds. The breathing is the only difference. 

In addition to these three reflexive pronouns 
there is one which is sometimes called personal, 
but seems more properly to come under reflexive, 
as it is generally used as an indirect reflexive. 
It has no nominative singular, but the accusative 
is £. (This compounded with aivdv gives taivdv 
above. ) 

Singular Plural 


Acc. 

f 

Nom. <r</>e is 

Gen. 

o5 

AcC fftpds 

Dat. 

of 

Gen. aefiCjy 



Dat. (Ttpitri 

Example : 

KaOopuxn, ras ridv KepKVpaliov vavs 


<r0as ir\«otfcra?, They see the ships of the Cor- 
cyreans sailing against them (i.e., themselves; 
ivl airroOs, or t<f* avrovs would have referred to 
“ Corcyreans ”). 

Reciprocal Pronoun. The reciprocal 
pronoun is (accusative), one another ; it 

has no nominative and is usod only in dual and 
plural, in which numbers it is declined regularly, 
like erotpds. 

Possessive Pronouns are declined like 
adjectives in os. They are : 
tpds, tpi), tpdv, my vpirepos, a, ov, your 
<r<W, <H), adv, thy ertperepos, a, ov, their (al- 

ygx€Tfpo<i i a, ov, our ways reflexive) 

For his, the genitive of aivos is used, as 
o Trarrj/) a croc, his father (literally ; the father 
of him). 

The article is regularly used with these pos- 
sessive pronouns, as 6 v per epos raplas, your 
steward. 

It is quite as good Greek to say 6 rar^p pou 
(my father), as to say 6 tpds va rfy, and so with 
all the others. 

Demonstrative Pronouns, ckuvos, that ; 

ocros and &5e, this. 

tKclvos, that, is declined quite regularly like 
<ro<p6s, except that the neb ter nominative and 
accusative singular is tKeivo, not ixeivov. 

. Me, this, is simply the article 6 with the par- 
ticle 9e added ; it is therefore declined like the 


as adjectives with a noun, the article is regularly 
used — as, oftros 6 dvrjp, this man ; tKclvrj h p^vpt 
that mother. 

Interrogative and Indefinite Pro* 
nouns. The interrogative pronoun is ris, rt, 
who ? what ! The indefinite pronoun is ris, rl , 
anyone, anything, or someone, something The 
only difference between them is that of accent : 
the former always takes the accent on the first 
syllable, while in the latt er the accent belongs 
to the last syllable. The latter, being an 
enclitic, usually drops its accent altogether. (This 
will be explained later under Accentuation.) 
They are thus declined : 

Interrogative Indefinite 

Singular 

Maac. <tFem. Neuter Maac.&Fem. Neuter 
Nom . ris rt ris rl 

Acc. tLvcl n riyd rl 

Gen. rivos, rov nv6s , to c 

Dat. rlvi , up ! riyl, np 

Dual 

Nom., Acc. rive I rive 

Gen. , Dat. tIvoiv ! row 

Plural 

Nom. rives riva nvis rivd 

Acc. tLv as riva nvas rtvd 

Gen . rlvtov nvidv 

Dat. * riot, I rial 

Note, rl (interrogative) can mean “ why ? ” as 
well as “ what ? ” 

For the indefinite neuter plitral rtvd the form 
drra is sometimes usod. Examples; riva tawaas, 
Whom did you save l rivas ApviOas $x ova ' u '> What 
birds have they ? AvOpwirds ns, some m/iii ; rocro 
\lyei tls, Someone says this. 

d\\os, other, is declined like tneivos. 

Relative Pronouns. The ordinary rela- 
tive is Ss, rf, 6, who , and is declined as follows : 


N. 

i is 

Singular 

6 

w 

Dual 

d Co 

oi 

Plural 

ai 

d 

A. 

6y 

¥ 

6 

l 

i ” 


oOs 

As 

d 

G. 

oi 5 

* 

00 j 

olv 

aiv olv 

Cjv 

&v 

an* 

D. 

V 

V 

V 1 


ii ii 

ols 

ats 

olt 


Note. The forms ff, oi', and ai' are distin- 
;uished from the similar forms of the article by 
laving an accent. 
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There is also an indefinite relative pronoun, 
compounded of 6s and the indefinite rit : San s, 
whoever : 

Singular 


Nom. Sans 

7)7*4? 

S Tl 

Acc. Svrtva 

tyvriva 

0 Tt 

Gen. ofmro?, 6rot» 

yernvos 

ovnvos, Srov 

Dat. tpTIVl, OTtp 

ynvi 

tpnv 4, 6r<p 

Dual 


Nom., Acc. (drive 

drive 

(drive 

Gen., Dat . olvnvoiv 

atvnvoiv 

oivnvoiv 

Plural 


Nom. oirtvfs 

atrtves 

artva, drr a 

Acc. otter r iv as 

danvas 

dnva, drra 

Gen S)vriveov , Stu)v 

l bvTlVUV 

CjVTIP 03 V 9 orejiv 

Dat. olanai , oroieri 

aierrieri 

olerneri, Stout t 


Note that each part is declined separately, 
and that 6 n is written as two words to distin- 
guish it from the conjunction on, that, because. 

Regular Verb, Xrfw, I loose. 


Perf. Ind. Pluperj. Ind. 


1. Singular 

XtXvna, I have 

i\eXvK€tv J 1 bad 

0 

j 5 

XAi'A-a? loosed 

iXeXvKeis loosed 

3. 

2. Dual 

XAi'Kf(i') 

e\e\vK€t(r) 

XtXi'Karov 

eXeXvKeirov 

3. „ 

XeXtt Karov 

iXeXvKeiryv 

1. Plural 

XeXi'iKapev 

eXeXvKci/irv 

2. „ 

XeXi'Kare 

iXeXi’keire 

3. „ 

XeX('Kaert(v) 

(XeXuKeerav 


Most verbs beginning with a consonant form 
their perfect by red "plication i.e., by prefixing 
the initial consonant followed by e— as ; Xru, 
XiXvKa ; ypdtpu, I write, yiyparfra ; (rib {to, aeatvKa. 
In these cases, the pluperfect prefixes to (lie 
perfect the syllabic augment 

SECTION II. SYNTAX 

llULK l. A relative pronoun agrees with its 
antecedent in number, person, and gender, but 
not in case. Its case depends on the construc- 
tion of the clause to which it belongs — as, 
vpeis oi tqvto ypdepere, You who write this ; oi 
( rrpariurrai of'? aiatoKei tirn SetXol , The soldiers whom 
I have saved are cowardly ; oi rroipeves oi' top 
X iovra Krelvovaiv eiaiv avSpeiot, The shepherds who 
are killing t he lion are brave. 

Rulf. 2. Duration of time is expressed by the 
accusative case- -the answer to the question 
“How long?” — as, They were a long time in 
the island, Ijaai* ^lakpov \p6vou ev rrj vyaep ; He 
Stayed for three days, i/ievc {mevio — I remain) 
rpets ijpipas. 

Rule 3. Time when (definite) is expressed 
by the dative case-- the answer to the question 
“When?” “At wliat time?”— as, rrj irpebry 
b'idpq, on the first day ; ry e wry wktI, on the 
same night. 

Rule 4. Time when (indefinite) or Time 
within which is expressed by the genitive — tin? 
answer to the question “Within what time?” 
“During the course of what time ? ” as : x €l Pwos, 
in winter time ; wkt6s, by night ; 6\lyov xpovo v, 


within a short time. Time may also be ex- 
pressed by prepositions, as iv ry wktI, in the 
night. 

Rule 5. The participle, with the article 
prefixed, may be used as a substantive — as, 
ot Xiyovres, the speakers. But most commonly 
the participle with article represents an English 
relative clause — as, r a Xcybjueva, the things that 
are being said ; oi ev favres, those who live 
well (ef» has smooth breathing, not rough) ; 
6 raveivCdv iavr&v, he who abases himself; 6 
ef>iX(dv ryv \f/i'xr)v avrov droXlaet aiWyv, He that 
loveth his life (soul) shall lose it. 

Exercise VI. 

frog, 6 (larpaxos, -ov I ask, airtu) (nor. yryaa) 
once, 7 rore to ] provide, irapaaxdv 

I send, TT€fxTti> 1 throw, piVrw ( aor . 

ambassadors, oi i rpeafiets fppixha) 

Jupiter, 6 Zei'/y (arc. A/a) log of wood, rb ±v\ov 
marsh, y Xiuvy unworthy, dvdt-ios 

depth, rb (iaOos, ~ovs fool, juwpos 

as, ujs water-serpent, y vopa 

motionless, dhlvyros by, virb (governs geni- 

t hey despised, a a rf<f>p- tive; i \><f> before nn 

ovow (imperfect of aspirated vowel) 

KaTat/>poP(u ) — governs they were eaten up, 
genitive) KaryaHiovro (imperfect. 

I tiiiuk, pofdi'u passive of KareatHu, 

to be, dvai I eat up). 

1. The frogs bnce sent ambassadors to (iiri 
with accusative) Jupiter and asked (him) to 
provide a king for them. 2. Jupiter threw a 
log of wood ip to the marsh. 3. The frogs in 
fear threw themselves into the depths of the 
marsh. 4. But. as the log was motionless, they 
soon despised it, and thought this king to be 
unworthy. 5. They asked Jupiter (for) another 
king. fi. lie said “Ye are fools,” and sent 
them a water-serpent, by whom they were 
eaten up. 

* Key to Exercise V. 

r. ivravOa KOpip finer IXeia i/v Kai rra paSeiaos /U^as 
(iypCbv rrXl]pys. 1. 6 fiaaiXevs eO-f/pevt roe? tfypas dirb 
iinrov (generally written d(f> imrov). did tov 
■aapaSelaov fat b M atavSpos rrora/ibs (note the order), 
Kai ai tov irorapov iryyai eiaiv 4 k r(dv (iacrtXduv. 
4. pet Sid rys rdays irbXeus. 5. ol irdXai 4 Xey ov bri 
evravOa *Xir 6 XXeov furtive 'Slapatiav. 6. ivravtia 
sUp$y s, 6 r(dv II epatbv ftaatXetts, 4 rroiyaev aKpbrroXiv 
Kai fiacriXtia. 7. /leyaXOvtt y \f/vxy pov tov Kvpiov , 
a go yyaXXlaae to irvev/jid pov 4 iri rip Bey rip aorrypi 
/no v. «X. 7 rav SivSpov dyadbv Kapirovs KaXovs 7 roier 

rb Si* frarrpbv SivSpov Kapirobs irovypobs tt out 
f Literally : Every good tree bringeth forth 
beautiful fruit.] 

* S4 is one of the commonest of the Greek 
Particles. In any continuous passage of Greek, 
each sentence is generally connected with the 
preceding by some connecting particle. Borne 
of these particles, such as Si, aro never the first 
word of a sentence, but generally the second. 
Si means and or but, according to the context . 
The particles will be fully explained later on. 


Continued 

The next instalment of the Italian Course appears in Part 41 of the Self-Educator 
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SIMPLE WOOD-CARVING 

Suitable Woods for Carving. The Difficulties and Mysteries of Grain. Carvers’ 
Tools. Transferring the Design. Chip-carving in Straight and Curved Lines 


CARVING 


By F. WELLESLEY KENDLE 


A LL wood that is to bo used for carving should 
lx> well seasoned, free from sapwood, knots, 
flaws, bruises, cracks, shakes, and nails, with 
straight grain and but little figure. 

Some Suitable Woods. White deal, 
yellow deal, and American white wood are soft 
and readily worked— too soft, indeed, for fine 
work, but affording capital training for the 
novice, who requires constant care and alert- 
ness in order to avoid accidents to himself and 
his material. Red deal is nice and soft, but 
the resins in which it is so rich clog the tools 

and make delicate work ^ 

impossible. JMane dot's f r _ 

not split readily, and 1 

consequently can be 1 llllllllllllllllll, "* ) c 
carved into very great - - - 

detail. Lime, pear, and 
sycamore are tough(*r, 4 

with nice easy grain, j , v \ 

Kauri and Hungarian cr*^~~** 

ash are both ideal > 

woods for the carver I ^ 

of furniture intended for t t_j w i — j t 

bed-room suitt's. Cedar j /j 

is delightfully free, but | / f §|^;.//5l| 

very brittle. Walnut j MjiJJjljlm 

and American walnut : 19 

are fairly bard, cut well, j de/'rj 

are durable, and take a : jgj 6 

good polish. Mahogany, / 

in spite of its hardness Llt-M 

and propensity for splin- c&\ 

tering, is not- particu- — r — v ... rrr ~. 

larly difficult to carve, carve 

t hough the earthy salts 1 , 2, 3, and 4. Fii-mm 
it contains cause it to 7 and 8. Hpudc tools 9 . 
bhmt tools very rapidly. 1 7 . Mallet 18. H- 
Box, ebony, and -'coco- 
nut arc close-grained, exceedingly hard and 
intractable, and only fitted for work for which 
unlimited time can be spared. Chestnut is 
tough, and rather troublesome to carve, though 
when finished, its colour, tone, and durability 

make it a formidable rival to oak. m 

Th© Value of OaK. Oak 
is universally admitted to be the ^ PPlii 7 ^ 
favourite wood from which to I I I 

fashion household and ecelesias- lj I.J 

tical furniture. The grain is a tjl ^ 

little tricky at first, hut when *|||l 

once the carver has mastered its 4111 q 

peculiarities, he will prefer it to -JBra j 
all others, as did his ancestors, |j — 

for it was in oak that their tinest rlL 

church work was executed ; oak 9n 
dower chests held their ward- 
robes; oak beds, benches, and settles rested 
their limbs ; oak beams framed their dwellings ; 


7 and 8. Spade tools 9. (loupe t 
11, 12, 13, hihI 14. (Jonp«*s 15. CSaiii 
17. Mallet 18. Router 19. 


oak rafters supported (heir roofs, and oak panels 
furnished their rooms. No ot her wood withstands 
damp so well or improves so greatly with age. 
Besides the above, satin-wood, maple, bird’s-eye 
maple, acacia, cherry, rosewood, olive, apple, 
ash, birch, beech, teak, camphor, Brazil -wood, 
bamboo, sandal-wood, and ironwood arc all 
frequently employed. |ttce Materials and 
Structures, pages 51-57.1 

The Mystery of Grain. On examining a 
transverse section of any exogenous wood it is 
seou to be built up of concentric layers, around 

an almost central axis. 

Tin* outer portion of 

each ring is denser than 

the inner. A longitu- 
din a I section reveals the 
v> * ° fact that these layers 

1 """T"*- - -* can be separated from 

one another, permitting 
f u uu the wood to split length - 

t ^- ^ ways. Kach layer is 

^ 1 composed of myriads 

of bundles of more or 

P l? M i . less fusiform cells, the 

< ^ r o T long axes pointing in 

^ — the direction of the 

growth of the tree. 
Win'll wood is cut 

longitudinally the tool 
travels evenly between 
- -v these fil>ros ; when 

’ is V ^ff . — 2J obliquely, they have a 

,-r t emit 'I lev to delleet it 

r.TOofiS and guide it to a course 

Purlin# tool 6. Mamroni paralk'l with themselves; 


CARVERS’. TOOLS 
ncrs 5. Purlin# t<»ol 


10. Plutcr or P-toi'i w ] lon transversely, it 

• s ’ ^Sl'TnrvcrV^ kails* *** continually changes the 
rate of its penetration, 
according ns the soft or hard portions of a layer 
offer little or much resistance. Herein lies the 
crucial difficulty of wood-car ving, for each species 
of wood and each separate plank presents its own 
peculiarities, which no amount of hook learning 
or verbal description can possibly 
~ teach, and only constant, practice 

B fT*' can enable the student to 
master. No training will educate 
i. the beginner to overcome the 

l(1 | mysteries of grain so quickly and 
ii pleasantly as chip-carving ; it may 

I j! not be the highest form of art, but 
j it is executed with comparative 
■ ==£ L=b=d rapidity, and the carver soon 
U has something to show for his 
trouble. When, later on, he nt- 
( Akver s bench tempts the more advanced styles, 

he will find that he has already mastered most 
of the difficulties that thoy present. 
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Tools, Carvers' tools differ very materially 
from those used by the carpenter and joiner, 
for whereas the latter are wrought from one plate 
of steel and another of iron welded together, and 
are sharpened on one side, the former have a 
steel plate between two layers of iron, and are 
sharpened on both sides, leaving a central cutting 
edge*. Those chiefly used are given below. 

Firmers. Shaped like a carpenter's chisel [1]. 

Skew Firmers. A llat-bladed tool 
similar to 1, but with cutting edge set 
obliquely [2]. 

Spade Firmer* or Spatulas. A 
spade-shaped flat- blade welded to a 
square iron shaft. The edge is set- 
either on the flat or skew [7 and 8J. 

Entering Tool, Flat- Bent Firmer, 
or Bent (I rounder. The blade has 
a double bond near its extremity to 
allow it to be used below the original 
surface of the panel. The edge is set 
flat, or right or left skew |3 and 4]. 

Parting Tool or V. The name is descriptive, 
the cutting edge resembling the letter V. The 
shaft of the blade is either straight or up- 
ourved [5]. 

Couok. The section of a gouge is an are. It is 
said to be quick or flat, according as the radius is 
less or more than \ in. An extra flat gouge is 
hardly to be dist inguished from a firmer. A gouge 
whose blade is } in. across is quicker than one 
with a similar sweep, but wider [9]. 

Flu ter, Vejnkr, 
very quick goug« 
art; [ 10]. 

M A C A R O N I . 
several shapes, either 
like a half- IT or a trun- 
cated V ; sometimes 
with rounded corners, 
sometimes with a. 
curved hast* [ 6]. 

(Jouges are made 
with tip-cur red hhidrs. 
ami also with front and 
back bends [11, 12, 13 
and 14]. 

Carver's, or Nor- 
wegian Chip Knife. 

Has a blade with edge 
recurved towards the 
point which is in a 
straight line with the 
hack, the whole being 
fixed almost at a. right 
angle into a stout 
wooden handle [19]. 

Router. A narrow 
firmer, driven through a 
flat piece of very hard wood at a steep angle, the 
edge projecting to the depth of the intended 
groundwork [18]. 

Moulder, Sinker, or Scratch. A some- 
what similar contrivance made from a piece 
of waste steel tiled to the desired profile, and 
driven through a bar of wood furnished with 
a travelling guide like that of a bar compass or 
tromquin [15]. 
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Maleet. A 5-in. stonemason’s mallet, or a 
bottle -shaped maid are both preferable to a 
square-faced tool [17]. 

Saw. In addition to a small tenon and a fret- 
saw , a very useful model is that known as 
Hnj s saw , such as is used by surgeons in opera- 
tions upon the skull [16]. 

Bench. A wood-carver’s bench 1 20] should be 
very firm and heavy, with a solid top of chest- 
nut or elm, 3 x 24 x 42 in. It should 
be high enough to permit the workman 
to rest his elbows comfortably upon it 
when standing. Tt is convenient to 
have it fitted with a deep drawer for 
tools, etc., within 9 in. of the ground. 
An invaluable adjunct is a good lever 
vice. The top should he perforated with 
a few holes to allow holdfasts, carvers’ 
screws, and “long dogs” to be used. 

Carvers’ Screws, used by screwing 
them int o the under-surface of the panel 
t o be carved, passing through holes in 
t he bench, and fixing by a winged traveller. They 
offer no obstruction to the carver, but be must be 
careful to insert them opposite to some portion 
of the design not to he out away, lest the pro- 
truding point should injure a cutting tool [21]. 

Long Dog. A long screw furnished a-t-op with 
an iron cross-piece or tmih [22a], and below’ with 
a sycamore nut [22]. 

Transferring the Design to the 
Wood. Having determined upon the design, it 
must be transferred to the wood. If the carver 
he a good art ist, he may sketch in the outline and 
leading features, lb* 
will find it a great 
assistance to rule the 
copy and the* panel 
into corresponding 
chessboard pat t crus, 

tilling in the details of 
the several squares; 
or 1 k* may superimpose 
a frame, strung with 
cross strands of silk or 
fine wire, above the 
drawing. By this sim- 
ple device h<* can enlarge 
or diminish with great 
accuracy ; or lie* may use 
a pantograph , or trace 
it with a style and 
carbon, calamine, blanc 
d’Fspagnc, or Prussian 
blue transfer paper, all 
of which lie; can easily 
manufact ure by greasing 
unsized paper with 
spermaceti and rubbing 
in the required pigment. He may impress the 
design upon the wood with a style?, pricker or 
tracing wheel. Time mav he saved by cutting a 
stencil of one section of the design and stippling 
with thick size to which a pigment has been 
added. Lastly, he may paste the pattern itself 
upon the wood, always remembering that wet- 
paper stretches, that wet wood warps, and that 
the pattern is destroyed for ever. 



21. carver’s screw 



22. LONG DOG 


or I t -Tool. Similar to a 
vith an neuter curve than an 
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Chip-carving The essence of chip-carving, 
or spot carving, is that a more or less geometrical 
design is gradually built up by the removal of 
triangular or irregularly-shaped chips. 

Fasten a jj-in. board of deal or white wood, 
10 in. square. Hush with the right-hand corner 
of the bench, with the 
grain running right and 
left. Leaving a J-in. mar- 
gin, set out a complete 
border of i-in. squares. 

Through each square 
draw two diagonals [23]. 

Select a skew firmer a 
triHc wider than half a 
diagonal. Grasp the 
handle firmly, guiding it 
with the left hand, till the point lies 
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on an A and the edge along the line f\ |\ K |\1 f\TT ]\1\" 

AB, Press the tool into the wood IN N N N L^LNLNLN 




25. 



till the point has bitten to the 
depth of about J in., the heel 
only just marking the surface. 

Repeat along each AB. The 
wood will he scored as at IT. 

Turn the tool on its Hat at 
Mich an angle that when entered 

■ dong BB it will reach the 
bottom of the 
perpendicular cut 
by the time it 
reaches A. Lift 
nut the chip BAB. 

The lx*ds from 
which the chips 
are removed 
slum Id appear as 
atil.l. Should the 
grain dip in places 

:>nd lead the tool to bury itself too dec* ply 
- Image the direction of the cut from left 
f<> rigid. A slightly oblique thrust is less 
prone to be Jed astray by the grain than 

■ • straight forward one. 

Continue till all the horizontal rows 
have been dealt with. Now treat the 
perpendicular rows similarly. Here 
again, avoid a straight cut; let the 
firmer travel diagonally across the 
grain, taking what advantage it 
• an of the direction 
<>f the fibre. When 
all the sections have 
been removed, a border 
of flat diamonds will 
remain. These can be 
loft plain, or their 
edges notched as sug- 
gested at a h c, etc. 

Next attack the four 
corner squares. Sink 

from the centre to each H, and remove all 
the triangular sections, leaving an inverted 
pyramid. Or with a £-in. straight firmer sink 
along each HH ; then with the skew carefully 
remove the top and bottom, and then the side 
( hips, starting every time from the centre. This 


MM 
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.1. Pooler It. First cuts ('. St 
cuts ])■ Section <if second cuts 
through a b K. Appearance when 
completed 
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27. POSITIONS OF 
THE TOOL IN cim - 
CARVTNO CURVES 


is rather troublesome, the diflieulty l>eing to get 
the edges of the pyramid regular. Leave a \ in. 
strap, and construct the diamond and straps as 
indicated. Remove sections AFF, AGO, work- 
ing in the direct ion of the arrows. Set out inner 
border LNM. Sink as at KK. Remove all the 
sections, making each 
cut in the direction 
indicated by the arrows. 
Set out central star and 
four corner fans, joining 
each angle of a triangle 
to the centre of a circle 
inscribed within it. Sink 
along each of t hese lines, 
starting from 1\ Remove 
the sections as before. 
Working with the Carver’s 
Knife. Execute a similar panel 
on the lines suggested in 24, but 
work entirely with the carver's 
knife. A particularly effective 
border, known as the cable pattern, 
is figured in 25. Execute it with 
skew firmer and again with 
carver's knife. 

How Curves are Exe- 
cuted. By the introduction of 
circles a different 
a s a knife-stroke is re- 

quired. Set out 
a border 2 in. 
wide 1 23 1. Divide 
into squares 
A AAA. Inscribe 
a circle in each, 
joining the cent res 
CCCC. Let fall 
a perpendicular 
B(.’B through each. From each centre 
A, at the distance AB, describe semi- 
circles. Draw diagonals through 
e\cry square. Sink the long axis BEB 
of each spindle BD, BD from in. 
deep at E to nil at. BB. Remove* 
the segments BDB. with a tlattish 
gouge, preferably a, spade-shaped tool, 
concave surface upwards. Enter a. 
point at B, thrust it along till it has 
reached E, when flu* din'd ion of the 
cut is changed by sw ing- 
ing round the tool in 
onler that its other point 
may finish up at the far 
end of the line BB [27|. 
Work with the arrows. 
Map out the rest of the 
sign as indicated in 
I, 2, 3, or 4 of 26. 
Whichever is selected, 
the segments bordering on - 
the circumference of the circles must be removed 
with the concave surface of a very Hat gouge, 
an ordinary firmer, or a knife. The variety of 
design is infinite, and each can be enriched with 
bands, fillets* grooves, veins, stippling, balls. 


CIllP-f \R\ rvo DETAILS AN1) DKSfONS 



KV ED CHIP-CARVINO DESK? NS 


hearts, crosses, intorlacings and overlays [28]. 
Continued 
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Group 3 

SOCIOLOGY 

THE REAL DRINK QUESTION 

15 

The Real Evil of Alcohol. Destructiveness of Alcohol throughout Society, and Indus- 

CnntiiimM from 

trial and Chronic Drinking. How Science has Vindicated the Temperance Reformers 




By Dr. C. W. SALEEBY 


A (VOKDINH to the latest authority on the may Ik* converted into a drunkard before its 

** subject, “ The disorders of development birth. After birth the same process may con- 

in the offspring that may result from parental tinue by the transmission of alcohol with the 

intoxication, whether by alcohol or by other mother’s milk. The difference between the 

poisons, are, of course, very diverse in character two eases — before and after birth — is merely 

and extent : they vary from slight degrees of one of detail. Neither has anything to do with 

mental instability to the lowest grades of idiocy. heredity proper, but is simply a question of the 

and from a moderate enferblement of vitality to consequences of feeding a young organism 

an extreme defect expressed in st ill- birth or abor- with poison. 

tion. They are, in their action, essentially similar The Unspeakable Evil of Alcohol, 
to the effects obtained by experimental intoxi- ft is also worth noting that alcoholism is a 

cation in the lower animals. Combcmale, for frequent cause of inability to suckle. Tin* child 

instance, found that pups begotten on a healthy is therefore fed artificially, a difference which, 

bitch by an alcoholised dog wore congenitally on the average, multiplies its chances of death 

feeble, and showed a marked degree of asymmetry by about thirty, whilst even if it survives it 

of the brain.” “ In the most varied forms of is very rarely indeed anything like as fine an 

defect — amongst idiots, epileptics, prostitutes, organism as it might have become, 

feeble-minded criminals, and, in short, in all the All questions, then, as to precisely how 
abnormal classes, parental alcoholism is one of alcohol affects the physique, including the nor- 

the most frequent antecedents.” The facts are vous tissues, of the next generation are irrele- 

not only to be expected, not only would any vat it and superfluous to us. We may leave it 

other facts be inexplicable and incredible, but to academic authors to decide whether the 

they have now been collected in such over- proper term is deterioration or degeneration: 

whelming numbers that any further dispute whether it is really a question of heredity or of 

about them is idle. environment lief ore birth, or after birth, or both. 

Children Born into Drink. There re- The great indisputable fact- is that alcohol not 

mains, however, the argument that alcohol may be merely kills the parent hut poisons the child — 

of use to society at large by acting as an eliminating csj>eeially through the mother— and there can 

agent which weeds out had stock. We know, of he little doubt that by far the gravest of the 

course, that bad stocks tend to become alcoholic. evils which alcohol brings upon any society is 

Js if not as well, then, that they should he its effect upon the only kind of wealth that 

allowed to destroy themselves by this means as counts -the health, the vigour, the moral of the 

quickly as possible ? The answer to this argu- people who compose it. 

ment is that, in the first place, the nervous dc- So much, then, for our present eonsidera- 
generacy or the belonging to a bad stock as an tion of the physical aspects of alcohol as it 

influence “in causing intemperance is practically affects a society. Our discussion of it has not 

negligible in comparison with the influence of been irrelevant to sociology, for a society is a 

industrial conditions.” However completely it structure made up of units composed by living 

may serve us by eliminating bad stock, wo have matter, and the extensive use of a poison in 

to reckon with “its detrimental action on the any society is not merely a matter for the 

healthy stocks which are exposed to its influence doctor or the pathologist, hut intimately concerns 

as a consequence of their social environment. the sociologist also. He knows that what arc 

So that in the ultimate result, alcoholism may called the diseases of society are to be traced 

be counted on to make a good many more in the last resort to causes found in the individual 

degenerates than it is likely to destroy.” — causes both physical and psychical. 

Disastrous and ominous beyond words is the Alcohol and the Man. It is neccs- 
ext elision of drinking amongst women in eon- sary for us, then, before we can understand 

sequence of modern industrial developments. in a scientific fashion the relation of alcohol to 

All the human evidence shows, as does also all these social diseases, to study in the; briefest 

the varied experimental evidence obtained from possible way, and without undue reference to 

the lower animals, that alcoholism in 1 be mother the scientific interpretation of the facts, the 

is far more disastrous than in the father ; actual consequences which alcohol produces in 

that nothing else could lx 1 so will be evident to the individual. We shall not concern ourselves 

the reader who closely followed our argument at all with, for instance, its effects upon the 

with the students of heredity. For the first stomach. These do not concern the sociologist 

nine months of its life the overwhelmingly in any appreciable manner, but we have already 

preponderant factor in the environment of recognised that alcohol is taken for its action upon 

every human being is its mother’s blood. If the nervous system —that is to say, for its action 

this contains alcohol the child receives it and upon that part of a man which is immediately 
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concerned in the essential aspects of his life as 
not a creature that breathes and digests and 
excretes, but a being that will# and acts. What- 
ever affects the willing and the action of a man 
is of the profoundest concern to the sociologist, 
who knows that human nature is the key to 
sociology, and who, if he be a wise man, recog- 
nises that morbid human nature is the key to 
social disease or social pathology. 

A Being Who Wills and Acts. After 
all, here is only one more illustration of the 
great Spencerian analogy between the indi- 
vidual and the social organism. Students of 
disease in the individual organism went on for 
centuries, making scarcely any progress until, 
shortly after the discovery of the cell theory, there 
arose a great Herman student, Rudolf Virchow, 
the founder of modern pathology, who traced 
disease to the cell and interpreted it in terms 
of the cell, as his epoch-making book, “ Cellular 
Pathology/’ indicates The student of the 
diseases of the social organism must learn from 
the pathologist. He must pay less and less 
attention to all other factors and more and 
more attention to the health and disease of the 
individual man, who is a component cell of the 
society in which he finds himself. In the light 
of such conceptions, social diseases— notably, 
for instance, crime— become intelligible, and the 
miserable and brutal inefficacy of mere vindic- 
tive punishment to describe which the noble 
name of Justice is prostituted — is brushed 
aside in the purpose to find some means whereby 
the diseased cell — the criminal — may he restored 
to health, giving new worth to his life and 
making it valuable Instead of dangerous to his 
fellow-mon. Since the ultimate unit of society, 
then, is a being who wills and acts, we must 
ask ourselves how this will and action are 
a Hoc ted by alcohol ; and our first necessity is 
to rid ourselves for once and all of an ex- 
tremely widespread and unfortunate delusion. 

Drunkenness is Not the Worst Effect 
of Alcohol. The temperance crusade from the 
lirst has liecn a crusade against drunkenness. 
Alcohol might or might not be a good thing in 
reasonable quantities. Some fortunate people 
could employ it without ever becoming 
drunk, or, as we say, “ the worse for liquor." 
It was assumed, and is still popularly believed, 
that to he drunk and to be “ the worse for 
liquor” are one and the same thing — the 
two terms being co-extensive. It is drunken- 
ness end simply drunkenness - that is to say, 
acute alcoholic intoxication — that has excited 
the interests and the enthusiasm of temperance 
workers. This it is that must be put a stop to. 
Their only objection to the habitual use of 
alcohol has been that it is apt to lead to drunk- 
enness, or, as they say, to excess. 

Now, doctors have long known — though 
not so long as they should have known — 
that all this manner of looking at the 
subject is radically false. Alcohol is a 
substance of paradoxes which can be traced 
through its whole study; and, just as when 
d appears to make us warm it is lowering 
our temperature, so, when it appears to be 


doing most harm it is doing least harm. From 
the point of view of the doctor, mere drunken- 
ness, or acute alcoholic intoxication, is an ex- 
tremely unimportant factor in the production 
of disease. He is familiar with the fact that 
tens of thousands— or, rather, one should say 
millions— of men in this country occasionally 
Income intoxicated, or even perhaps regularly 
so once a week, without any very disastrous 
consequences to themselves or to others, so far 
as crime and insanity and their allies are con- 
cerned. We are not now considering the terrible 
question of the misapplication of the workman's 
wages whilst his children starve. On the other 
hand, the doctor is familiar with eases of terrible 
and fatal disease' of mind and body, often fatal 
to self and often fatal to others, in men and 
women (the proportion of the latter being 
constantly on the increase) who have never been 
drunk in their lives. 

Alcohol a WorKing»class Problem. 

In the book to which we have referred 
Dr. Sullivan brilliantly brings out from the 
sociological side the significance of these 
facts, which an? now at last familiar to doctors. 
Oenerally speaking, drunkenness, or acute 
alcoholic intoxication, is associated, especially 
amongst the working classes - and the pro- 
blem of alcohol is in the main a problem 
of the working classes, from whom all other 
classes an* recruited— with what may be called 
convivial drinking, drinking done after work 
hours in company and constituting the chief 
pleasure of the workman’s life. \Yc are not 
making the monstrous suggestion that drunken- 
ness is a good thing or an excusable thing, and 
it is impossible for us, as sociologists, to forgot 
that, even if drunkenness did no harm to the 
drunkard, yet, as Messrs. Rowntree and Kherwell 
have proved, on the average one-sixth of the 
total income of the working-class family in this 
country is spent upon alcohol, with social con- 
sequences affecting wife and children which 
art' almost too appalling to contemplate. 

Til this direction, of course, drunkenness leads 
to social weakness, inefficiency, and loss of 
social happiness. Rut its importance as a cause 
of what is commonly meant by social diseases 
lias been greatly over-estimated. The most 
disastrous consequences of alcohol are not the 
most obvious ones. Thus the death-rate from 
alcoholic disease, and the rates of crime and sui- 
cide. are found to be high where drunkenness is 
low, and vice versa. What may be called normal 
drunkenness— that is to say, acute alcoholic 
intoxication, taking its ordinary course in a 
person otherwise fairly healthy— is of very little 
importance so far as the social diseases are con- 
cerned. 

The Folly of Arguing from Appear* 
ances. The case is utterly different, with 
drunkenness occurring in a chronic alcoholic. 
In such it will lead to suicide and many forms of 
crime, including murder. The common statistics 
designed to show how much crime drunkenness 
is responsible for are utterly fallacious, since 
they include all the eases of “ drunk and dis- 
orderly/* or “ drunk and incapable," and 
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therefore amount to saying no more than that 
drunkenness is a cause of drunkenness — which 
needs no statistical demonstration. The case 
against alcohol is immeasurably too strong to 
need such arguments, and if it really did need 
such arguments to help it, so much the worse for 
it. Wo must not be misled, therefore, and, 
indeed, we shall find, when we come to study the 
subject without' bias, that mere drunkenness as 
such is a comparatively unimportant fact, and 
also that an immense amount of energy and 
labour have been expended upon it that should 
have been spent, upon far greater evils, which, 
unfortunately, happen to be less obvious. If 
all the grave evil done by alcohol were as 
obvious and palpable as mere drunkenness, it 
would have been utterly stamped out in every 
civilised country long ago. The trouble is that 
so few of us think, and that we are so easily 
carried away by outside appearances. Our 
blind phrase, 14 the worse for liquor,” furnishes 
a particularly good illustration of this universal 
human tendency. 

The Wreckage of Personalities. Of 

convivial drinking leading to drunkenness, then, 
we say that it is, of course, a low and bestial 
form of pleasure. We pray for the day when 
education, whether of the mind, opening it to the 
delights of knowledge, or of the ear, opening it 
to music, or of the eye, opening it to pictures and 
all kinds of natural beauty, may prevent many 
or any amongst us from seeking their highest 
delight in such entertainment. Wo may hope 
also for the abolition of married women’s labour 
and for the training of girls in housewifery and 
cooking, so that the workman’s home may be- 
come a place where he is happy, and com- 
fortable, and content. But whilst we do nothing 
to this end, we shall hesitate to condemn him for 
finding peace and exhilaration by the .use of 
means which we, if we were he, would similarly 
rinploy ; and, meanwhile, we shall turn our 
attention to the vastly more important matter of 
what may be called industrial drinking, leading 
to chronic alcoholism , with its sequels of suicide, 
insanity, crime, pauperism, moral, mental, and 
physical worthlessness. This involves the most 
appalling losses to society, even if we adopt the 
vulgar estimate of money. We see them to be 
still more appalling if we adopt some means of 
estimate worthy of our spiritual state ; and since, 
so far as our eyes can see, it. yearly involves the 
wreckage and total loss of human personalities or 
souls, which are the highest, things known to us, 
we shall realise that if there is any subject in the 
world that demands the thought and effort, of 
men worthy to be called men, it. is this. 

Chronic Alcoholism and Society. 
Chronic alcoholism is a purely medical term, 
biit, as we have seen, it concerns us here 
because, apart from all the changes in oth*T 
organs, it is primarily a diseased state of the 
nervous system, and -such is the constitution 
of man — right willing and action cannot be 
found in association with a nervous system 
that is poisoned, diseased, and degenerate. 
Here we do not concern ourselves at all 
with chronic alcoholism as a disease tending 
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towards death, though the sociological and 
national significance of unnecessary death is a 
subject worthy of, and yet awaiting, some great 
student. Our concern here is with chronic 
alcoholism in its relation to the diseases of society, 
and the first, question which we must ask our- 
selves is as to the conditions which produce it. 

Despite the reiterated and brilliant teaching 
of Dr. Arehdall Reid, we may be well assured 
that in civilised societies, as we know them 
to-day, heredity as the predisposing factor of 
chronic alcoholism is an all but irrelevant 
and negligible factor. The importance of 
neglecting this proposition will be evident if 
we realise the practical propositions to which 
it leads. These are that all elTorts to 
suppress drinking are, in effect-, efforts to 
encourage drinking, since they simply prevent 
alcohol from killing off the stocks which are sus- 
ceptible to its influence ; and that, the solo form 
of temperance legislation which can be of the 
slightest value is legislation to prevent the 
alcoholic from becoming a parent. Let natural 
selection with its instrument, alcohol, kill out 
the alcoholic stocks, let man help by legally 
preventing such stocks from propagating them- 
selves, and you will produce a race which will 
laugh at alcohol, and can no more be tempted by 
it. than a blind man by a suggestive picture. The 
actual facts controvert all these propositions in 
the most convincing fashion. 

The Tragedy of the Drinking Work- 
man. In contrast with more convivial 
drinking, we have to recognise in this 
country and in all industrial communities 
- now including even industrial Italy, which 
before its industrial epoch was so long quoted 
as proof of evolution against alcohol - -w hat- 
may be called industrial drinking , a habit 
practically universal amongst what we know as 
the working classes. It involves the daily con- 
sumption of quantities of alcohol considerably 
greater than those small quantities which, as 
experiment has proved, can he burnt, up within 
the body. The consequence is that free alcohol 
circulates as such within the brain. If this 
process is continued for weeks, months, ami 
years, we find an utter and terrible transforma- 
tion of 44 the originally healthy workman who 
is engaged at a trade that encourages, or, at 
least, allows, the habit of regular drinking 
throughout the working day, and who probably 
goes in also for an occasional convivial bout at 
the week-end or on special festivals.” 

This sentence has the key to the whole matter. 
When we come to study industrial drinking we 
And that it is drinking as an aid to work. In 
order really to understand it, it would be 
necessary, first of all, to have made an ex- 
haustive* study of the actual manner in which 
alcohol affects the functions of the nervous 
system. 

The Effect of Alcohol upon Work. 

But if we study industrial drinking in various 
occupational groups — as, thanks to Dr. Sullivan, 
we may now do — we shall soon discover the 
causes which lead it to vary so widely in 
different oases. It is most marked in relation 
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to the lowest forms of labour— that is to say, 
those forms in which nervous skill is at a 
minimum and muscular strength the only re- 
quirement. The simple explanation of this is 
that, since alcohol gravely interferes with all 
kinds of work involving nervous co-ordination 
and skill, it simply cannot be employed in such 
work. The dock labourer affords a typical 
instance of the industrial drinker. His work 
involves no skill, and is intermittent, demanding 
“ sudden spurts of energy." He can repeat 
his dose again and again, and until late years 
most of his employers made arrangements for him 
to do so. In him there is a terrible development 
of chronic alcoholism, leading to social disease. 

Conspicuously contrasted with the dock 
labourer is the coal-ininer. His work also 
involves relatively little skill hut much 
purely muscular effort. Plainly, lie might bo 
expected to become a chronic alcoholic as a 
consequence of regular industrial drinking, but 
this is exactly what wo do not find. True, the 
mining counties are the most, drunken counties, 
but, on the other hand, they display chronic 
alcoholism and its social results in proportions 
so small that they rival those of purely agricul- 
tural communities, and are below all other 
industrial groups. The reasons are easily found. 

The Coal-miner’s Experience. In- 
dustrial drinking is rendered impossible in coal- 
mines. Tin; only chance the man has is to drink 
before be goes down, and in many mines lie is even 
stopped at the top if he smells of liquor. The 
consequence is that industrial drinking simply 
does not exist among coal-miners, a remarkable 
contrast to their characteristic convivial drunken - 
ness. More interesting still is the fact that the 
coal-minor is alone amongst working men in his 
recognition of the worthlessness of alcohol as an 
aid in labour. The docker can take his dose, 
appreciate the brief sense of stimulation that 
follows, and when this yields to the weakening 
which is the real characteristic of alcohol, he can 
repeat the dose. The coal-miner down in the 
pit cannot. 1 fence he very soon finds that beer 
does not help him in his work. The consequence 
is that, whilst in other industries alcohol retains 
its reputation as an aid in labour, the coal-miner 
knows that this aid soon gives place to hindrance' 
unless the dose be repeated ; and thus, in that 
industry, and in that alone among purely 
muscular industries, alcohol lias precisely the 
reputation which it has in the psychological 
laboratories of Germany and America. 

Alcohol and the Mothers of the Race. 
Of profound importance is industrial drink- 
ing amongst women, since suicide, crime, and 
insanity do not begin to sum up the disastrous 
consequences of chronic alcoholism amongst 
the mothers of the race. As Dr. Sullivan points 
out, the working man's wife, who lives, on the 
average, perhaps the most laborious and un- 
relieved life that our community shows, has 
abundant opportunities for seeking help in 
alcohol ; and “ if a knowledge of the effect of 
alcohol as an industrial excitant has been 
acquired by the factory girl, it is pretty sure of 
further development in the married woman.” 


This is especially apt to show itself after t-lio 
birth of the first child, and is one more factor 
in explaining the lamentable average difference 
between the futures of the eldest children and 
the later children of a working-class family. Unf- 
it must be recognised that the industrial employ- 
ment of women as a fact of modern times is of 
importance not merely because it leads to chronic 
alcoholism in men, but also because it terribly 
increases alcoholism amongst men. 

A Terrible View of the Employment 
of Women. Speaking of the reaction of 
female industrialism on home life. Dr. Sullivan 
says, in words which cannot. Ik* too widely read: 
“ This influence plays a very important part 
in promoting alcoholism. For the employment 
of women in the ordinary industrial occupations 
not only involves a disorganisation of their 
domestic duties if they are married, but it also 
interferes with the acquisition of housewifely 
knowledge during girlhood. The result is that 
appalling ignorance of everything connected w ith 
cookery, with cleanliness, with the management 
of children, which makes the average wife and 
mother in the lower working class in this country 
one of the most helpless and thriftless of beings, 
and which therefore impels the workman, whose 
comfort, depends on her, not only to spend his 
free time in the public house*, blit also tends to 
make* him look to alcohol as a necessary condi- 
ment. with his tasteless and indigestible diet. 
Doth directly and indirectly, therefore, the 
employments that withdraw women from 
domestic pursuits are likely to increase alcoholism 
and, it may hi* added, to increase its greatest 
potency for evil — namely, its influence on the 
health of the stock.” 

The relation of alcohol to crime needs no 
comment, here. The latest and widest st udy of 
statistics in t his couni ry shows that "HO percent, 
of graver homicidal offences, and 82 per cent, of 
assaults are attributable to alcohol.” The tindcr- 
lying condition is usually chronic alcoholism and 
not casual drunkenness. Alcoholism is a potent, 
cause of insanity, and the most, recent, study of 
this subject shows, even to those who have long 
doubted the common opinion, that that opinion 
is correct. Even when allowance is made for all 
fallacies, it is no longer possible to deny that 
insanity is increasing in this country. It must 
be remembered also that the physical degenera- 
tion caused by alcohol leads to insanity and 
allied forms of social disease. It is thus that 
alcoholism does most harm to society — not in 
the generation under study, but in the succeed- 
ing generation, “ by furnishing recruits to the 
ranks of the moral imbecile, the epileptic, the 
prostitute, and the other noxious and parasitic 
classes.” 

If Alcohol were Abolished. In short, 
there is every warrant for the opinion lately 
expressed by the most distinguished of living 
physicians, Professor William Osier, of the 
University of Oxford, who is known everywhere 
as the possessor of a keen, judicial, and far- 
sighted mind, that the abolition of alcohol — 
except, of course, as a drug in certain eases, such 
as fainting — would at once abolish practically all 
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the problems which now exercise physicians, without alcohol. Amongst the signatories are 
philanthropists, and politicians. Fifty years ago, one or two practitioners who still do some amount 
statements like this were made by the unscientific of active work. Not one of them has published 
pioneers of temperance, and were laughed at by any comparative results which prove the value 
doctors, politicians, and the public. They are of alcohol, and they may be confidently challenged 
now being continually made by the leaders of to do so if they can. The real significance of the 
medicine and jjbictical psychology everywhere, manifesto is to be found in the overwhelming 
and the denial of t hem is merely a proclamat ion weight and authority of the names which have not 
of ignorance, or of something much worse. Thus been appended to it, but have been appended to 
“ the whirligig of 'rime brings in its revenges.” the statement of facts which contradict it. 

An Obsolete Manifesto. A recent Science or Muddle ? At this point, 
medical manifesto in favour of alcohol has at* with the utmost regret-, we must bring our 
track'd far more attention than it was worth, and present study of sociology to a close. We 
has, significantly enough, resulted in doing more have spent nearly the whole of our space upon 
harm than good to the cause of this most the discussion of root principles. Our labour 
accursed thing. Despite the elTorts of the pro- has been in vain if these do not demonstrate 
rnoter, it was not possible to obtain the signature that every kind of social, political, and in- 
of a single pathologist, a single student of ternational question is not merely capable of 
insanity, or of any of the many men whose work treatment as a sociological problem, but that 
has helped to make our scientific knowledge of none of these questions can he solved but by one 
alcohol ; whilst the one authority on drugs who of two methods. The new method is none other 
signed the manifesto has already been compelled than the application of sociological principles to 
to explain that its final form is much stronger the problem in question. The other is the ago- 
than that to which he appended his signature. long principle of “ muddling through,” and per- 
The manifesto contains a series of statements liiitt-ing natural selection, at appalling cost in 
which are not merely unproved, hut have been time and life and souls, to weed out the bad and 
disproved in detail on every point. Complete establish the good. Contentment with this 
confirmation of this assertion could only he method assumes that intellect, that great product 
obtained by a complete study of the whole of natural selection, is of no use in human life, 
modem literature of alcohol. The careless Lastly, we have deliberately chosen the problem 
quality of the manifesto may be sufficiently csti- of alcoholism as being, in our judgment, the most- 
mated, however, by its reference to the “ univer- urgent ami momentous and real of the problems 
sal belief of civilised mankind” in the dietetic which face the thinking man of to-day. But- 
value of alcohol. This so-called universal belief there is a solution for all such problems. Progress 
is not shared by the hundreds of millions of is possible, for progress has occurred. “ The goal 
Mohammedans, by the hundreds of millions of of this great world lies beyond sight,” but our 
Buddhists, nor by the Japanese. The assertion as children, and we in our children, will see and 
to the value of alcohol in disease has been dis- reach it-. 

proved in detail by comparative observations of “ Our friends are exultations, agonies, 
the results of tin* treatment of disease with and And love, and man’s unconquerable mind.” 

THE MASTER MIND OF SOCIOLOGY 

An Introduction to the Study of Herbert Spencer. By Dr. Saleeby 

Sooner or later the thinking man in these into the hands of every State teacher in France : 

days, when vs e all have to “ think in evolution,” it has been declaimed by Professor Michael 

or to no purpose, must feed bis mind with Sadler as the great reformer of the education 

the work of the mighty thinker to whom we owe of girls in our country, and there is no living 

the modern idea of evolution as a universal parent so wise as to be beyond need of its 

truth. Now, there are injudicious ways of wisdom. 

approaching the work of any thinker, and The next most popular work of Spencer s, and, 
Spencer is no exception. You cannot pick out perhaps, the next most readable, except the 

at- random a volume devoted to the application “Autobiography,” is his “Study of Sociology, 

of certain principles, for instance, until you It is the best, known volume of the International 

have previously acquainted yourself with those Scientific Series. Considerable attention has 

principles. Yet, again, there are parts of been paid to this work in the course on Sociology, 

Spencer’s work which are for the specialist — and no more need be said of it here. Until 

parts which only the trained psychologist or recently it- would have been necessary to counsel 

biologist, can properly appreciate — though ho, the reader to proceed at once from these indc- 

as a rule, is remarkably ignorant of them. pendent little books to “ First Principles,” the 

Therefore, I seek to suggest to all concerned the introductory volume of the “Synthetic Phi lo- 

bes! route of approach to Sptmc^rion thought. sophy.” Since the publication of the “ Auto- 

How to Begin. The reader should begin biography,” however, there can be no question 

with the best-known and most easily read of that this invaluable book should be read next, 

all Spencer’s xxorks, the “Essay on Education,” The two large volumes contain very much more 

which was published in 1861. This is ad- than the life of the author, and very much more 

mittedly an epoch making book. It is put- even than a vast number of wise thoughts. They 
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include, in chronological order, a series of what 
are practically introductions to the various parts 
of the “Synthetic Philosophy,” including some 
imaginary reviews of the various earlier volumes, 
such as hostile but studious critics might have 
written, if they had thought it worth while to write 
any. This “Autobiography** is one of those 
hooks which are not for an age hut for all time. 

If it were not a great contribution to human 
thought it would live as, perhaps, the most 
honest and complete* self-revelation in literature 
— and what a self to reveal ! Special attention 
should ho paid to the wonderful last chapter, 
called “ Reflections.” 

“ First Principles.** After this the student 
must at tack “ First Principles.” We arc trying to 
make his part easy, and we recommend that lie 
should read, to begin with, the first and the last 
chapters of Part J. on the Unknowable. 'Phis sec- 
tion contains Spencer’s ultimate philosophy, but, 
as any student of philosophy will readily under- 
stand, stands quite apart from the proximate 
or scientific philosophy which was his great 
life-work. That is introduced in Part J f . of 
this work, which, though it contains hard pages, 
must he read from end to end. It is not a 
large book, and is the central book of the thought 
of the nineteenth century. 

In our opinion, the student would make a great 
mistake if, after this, he proceeded seriatim to 
the “ Principles of Biology and Psychology.” ( )n 
the contrary, ltd. him turn aside to Volume I. 
of the collected Essays, and let him dip into this 
as he pleases. It will probably persuade him to 
return to “ First Principles.” 

Spencer's Greatest BooK. Even now, 
let him leave the more special volumes 
aside, and let him pass on at once to what, 
for practical value in human life— value in- 
dependent of any place or time — is undoubtedly 
Spencer's greatest, work- riz., “ The Data, of 
Ethics,” which is the first and most important 
part of “The Principles of Ethics.” This, like 
“ first. Principles,” has been republished in a 
\ cry attractive form since the author's death. 
The student, if he is wise, will follow the direction 
in which his studies lead him, but it may lx* 
guessed tint, after reading the “ Data of Ethics’’ 
he will pass on to the great study of Justice, 
forming his own opinions, no doubt, as to the 
individualism and the doctrine of the “ Limits 
of State-Duties,” so forcibly enunciated at the 
end of that volume. After this, the student 
will doubtless pass to the “ Principles of Soei- 
and it is difficult to name any part of that 
great work that he will not feel bound to study. 

The “ Biology ” and “ Psychology. ** 

As for the “Biology” and the “Psychology,” 
we have no intention of under-estimating their 
worth. Classics they both are and will remain ; 
hut they are long and difficult, and they do not 
have the same immediate relation as the rest of 
►Spencer’s works to the questions which must 
concern every thinking man.* Therefore, except 
for the professional student, wo should advise 
a return to the volumes already named. It. is 
not exactly possible to suck them dry at the 
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first attempt, nor at the second. The first two 
named may he picked up in any spare moment ; 
they are as easy to read as a novel. Chapters L 
and V. of “First Principles” must Ik* re-read 
whenever one feels oneself losing hold of the 
great, principle of tolerance, whilst the “Data of 
Et hies ” must he returned to again and again. It 
is this volume that is the crown of all Spencer’s 
work, for, as he tells us himself, from the year 
1842 onwards his “ultimate purpose, lying 
behind all proximate purposes, luus been that 
of finding for the principles of right and wrong, 
in conduct at large, a scientific basis.” 

The Way Not to Read Spencer. 
The student who would ask whether or not 
Spencer succeeded is answered in that volume, 
and if any doubts remain as to the epoch which 
it initiates, Jet. him refer to the works of previous 
moralists. The reader will understand that the 
sequence named is only submitted as a. sugges- 
tion. Tim serious student may liegin anywhere 
and then follow his own needs. But, unfor- 
tunately it is not everyone who will give time 
{’.ml care to what, makes no intermediate appeal, 
csjKH’ially if a task of great length is proposed to 
him. Thus many have made a single attempt to 
acquaint themselves with the Synthetic Philo- 
sophy and have abandoned it. The project of 
reading the philosophy from beginning to end as 
the first step towards its appreciation is certain 
to fail. The reader must first convince himself, 
by personal experiment, that such a course is 
worthy of his time and labour, and this lie can 
do only by turning first to tin* salient portions 
which cannot fail to reward him at once and 
encourage him to proceed. 

In his small hook, “ Evolution the Master-key,** 
the. present writer has attempted to introduce 
the works of "Herbert Spencer to the twentieth 
century reader in the light of the latest know- 
ledge that we now possess. 

HERBERT SPENCER’S WORKS 

Published by Williams k Noiujatf. 

“Au Autobiography,*’ 2 vols., 2Ss fj net. 

A S vst km of Synthetic Philosophy. “ First 
Principles,” 7s. fid. ; “ Principles of Biology,” 
2 vols., 'MU.; “ Principles of Psychology,” 2 vols., 
Jfis. ; “Principles of Sociology,” Vol. 1., 21s.; 
Vol. II., 18s.; Vol. 111., Ifis. ; “Principles of 
Ethics,” Vol. I., Ins.; Vol. If., 12s. fid.; 
“Justice*’ (separately), (is. 

Other works, “The Study of Sociology,*’ 
10s. fid. ; “Education,” popular edition, 2s. fid. ; 
“Essays,” J vols. I Os. per vol.; “Social Statics 
& Man i\ State,” in one vol., 10s.; “The Man r. 
The State ” (separately). Is.; “Facts and Com- 
ments,” fis. ; “ Various Fragments,” fis. ; 

“Reasons for Dissenting from the Philosophy of 
M. Comte,” fid.; “A Rejoinder to Professor 
Weismaim,” fid.; “ Weismannism Once More,” 
fid. ; “Against the Metric System,” 3d. 

Descriptive Sociology. “ English,” 18s. ; 
“ Ancient American Races,” lfis. ; “ Lowest 

Races, Negritos, Polynesians,” 18s. ; “ African 

Races,” lfis. ; “ Asiatic Races,” 18s. ; “ American 
Races,” 18s. ; “ Hebrews andPhcenicicns,” 21s. ; 
“ French.” 30s. 

; followed by Looio 
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THE PRINCIPLES 

OF DESIGN 

DESIGN 

1 

Draughtsmanship and Study. Tradition and Nature. Symmetry, Balance, Re- 
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petition, Congruity, and Contrast. Line and Curve. Conventional Plant-forms 
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By P. G. KONODY 


IT is impossible for anyone to design good 
1 ornament without having first acquired a 
mastery of the art of drawing. A dramatist 
eannot write a successful play without a sound 
knowledge of stagecraft, and in the same way 
good draughtsmanship is essential to a designer, 
for it is the seatfolding on which all his work is 
built. Intelligence, imagination, observation, are 
all necessary qualities, but. though a student 
may overflow with ideas, he will never he able 
to give them expression unless he has become 
an accomplished draughtsman. 

In the second place, every opportunity 
should bo taken for studying the masterpieces 
of past periods. It is a mistake to suppose 
that inborn originality and natural genius are 
all siithcicnt in themselves, and need no nutri- 
ment of study. Educat ion and knowledge are the 
only true foundation of strength and confidence. 
" Design,” wrote Kuskin, “ is not the offspring of 
idle fancy ; it is the studied results of accumu- 
lative observation and delightful habit.” 

The Help of Museums and Churches. 
Tho student should always carry his sketchbook 
in readiness to note a characteristic piece of 
design or a beautiful detail of ornament. Tho 
patterns and schemes of decoration in use at 
different periods for buildings, furniture, domestic 
utensils, personal ornament#, and so forth, 
should form subjects for observation. Particular 
attention should be paid to tho way in which 
tools, materials, and methods of work have 
influenced tho treatment of ornament among 
different nations at various periods in the world's 
history. In any old church will bo found 
scores of objects of beauty and interest, archi- 
tectural features, sculptured monuments, carved 



1. GREEK ANT1IEMION, OR HONEYSUCKLE 
ORNAMENT 

woodwork, work in iron, gold, silver and brass, 
windows, mosaic floors, gold and silver vessels, 
all of them full of inspiration and sugge stion. 

The Value of a Notebook. Above 
all, the student should further his studies by 
working in museums, which, to tho intelligent, 
are not all the t; cold tombs ” that a French WTiter 
named them. The study of historic ornament 
is not to be despised, and much may be learned 
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from the primitive ornament of savage tribes, 
with its zigzag [2| and interlacing patterns, its 
rude adaptation of human and bird forms. The 
history of design is one of gradual development, 
from primitive patterns to the perfect art of 
Greece, with its sculptured friezes and carved 
capitals, its splendid vases and metal ornaments ; 
to the ivories and enamels of mediaeval days ; 
to all the glories of the Renaissance, with its 
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2. POLYNESIAN ZIGZAG ORNAMENT 

stained glass, its tapestries and embroideries, 
its furniture, its perfect finish in gold and silver 
work, and in all objects of use and costume. 
All periods and all kinds of art have their lessons 
to tea<*h, lessons that should always be noted. 
For to the designer a well-stored notebook is as 
important as a well-stored memory. Captain 
Cuttle's ” When found, make a noto of ” is 
an excellent maxim, perhaps even better ex- 
pressed by an old essayist, w ho wrote : “ What 
you observe of worth, take notes of ; for the 
leaves of your hooks are easier turned aver than 
the leaves of your memory.” 

Tradition and Nature. While the 
would-be designer should he steeped in tradition, 
and take (‘very opportunity for the study of 
ancient art, ho must clearly understand that the 
knowledge thus acquired must not ho used 
as a means of paraphrasing and reproducing 
old themes, bub as a sure foundation on which 
his creative faculty can base and develop new 
ideas. There aro, of course, certain forms 
and ornaments that centuries of use and slow 
development have brought to stereotyped per- 
fection that must be accepted and constantly 
adapted without thought of alteration or im- 
provement. At/ the same time there is always 
scope for m< >dern originality. The Greeks brought 
the conventional lotus, honeysuckle fl] and 
acanthus ornament to absolute perfection ; but 
it must be remembered that the principle of 
this ornament may he applied to hundreds of 
other plants and flowers, and that modern 
civilisation has produced a hundred fresh 
directions in which design and ornament can bo 
employed. 

Nature the Art of God. The history 
of design in the industrial arts is an interesting 
study in evolution. Rude primeval models are 
gradually improved to meet the varied wants 
and necessities of mankind in the progress of 
civilisation. All the familiar and elaborate forms 
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in architecture, furniture, textiles and so forth 
have been developed from elementary beginnings 
to suit the changing conditions of society. 
But the more one studies historic and traditional 
ornament, the more apparent it is that all design 
is based on Nature. In the first place, all 
objects of design, from the wonders of architec- 
ture down to the most trifling personal ornament, 
are influenced and modified by the natural 
material, be it wood, stone, iron, gold, silk, wool, 
in which they are wrought. Tn the second place, 
it. will be observed that the basis of all design 
lies in the lines and forms of Nature, in its struc- 
ture and growth, as displayed in the human 
form and in animals, trees, shells, birds, wave's, 
etc. “ Art," wrote Sir Thomas Brown, “ is 
the perfection of Nature. In brief, all things 
are artificial ; for Nature is the art of God." 

Symmetry and Balance. From the 
study of Nature and of tradition, and from the 
comparison of all that is most beautiful in Nature, 
and in applied art, certain 
fixed laws or principles may 
be deduced, which govern all 
sound design. One of the 
first is that of symmetry and 
balance. By symmetry is 
understood the placing of 
similar masses or lines on 
either side of a common axis 
so as to repeat and answer 
to one another. ft is the 
simplest means of producing 
ornament, for it consists 
merely in the doubling of 
some ornamental form. Ab- 
solute symmetry is rare in 
Nature, though in most of 
Nature’s w T ork there is a sug- 
gestion of it. A front vicnv of 
the human figure, or of a 
butterfly with spread wrings, 
gives an example of near 
approach to absolute sym- 
metry. While perfect sym- 
metry is rare in Nature one 
of Nature's most important 
laws is that of balance, the arrangement of 
dissimilar masses or lines so as to produce an 
impression of harmony. A tree is never 
symmetrical, yet it will be seen that the 
branches on one side of the trunk balance 
those on the other, and the same truth applies 
to the veins in a leaf. In filling a defined 
space with design, if you place a mass of form 
or colour on one side of a centre line, the need 
will instantly be felt of balancing it by a corre- 
sponding mass, not necessarily identical. 

Repetition and Rhythm. Another 
great principle in design is that of repel ition. The 
nre of a sequence of corresponding units produces 
at once a harmonious effect. Tn the borders of 
ancient and classical art, in the anthemion and 
egg-and-dart ornaments, for instance, a pleasing 
and rhythmical quality is produced by the recur- 
rence of some simple form. It will be found that 
the more abstract a form is the better it will bear 
repetition, and that it becomes less suitable the 


more closely it approaches imitation of Nature. 
The realistic repetition of a flower or group of 
flowers is incorrect and displeasing to the cyo, 
for the reason that in each natural form there 
are varying modifications and accidental details, 
which in Nature are never identically repeated. 
Tn an avenue of trees, for instance, no tree exactly 
repeats another. Directly repetition is applied to 
anything beyond ornament it threatens mono- 
tony, os in the case of a succession of windows 
or a row of railings, all equidistant and uniform. 
This monotony, however, may readily be broken 
by tho introduction of a larger window or a more 
important post at regularly recurring intervals, 
and the result is then a pleasing rhythm. 

Radiation. Radiation is the law’ whereby 
groups of lines diverging from a common centre 
suggest common origin or grow th. In Nature, tho 
principle may be noted in the human hand, in 
plants and trees, the feathers of birds, the tail 
of the peacock, the shell, the water of a fountain, 
or the rays of tho sun, the 
frost flowers on a window- 
pane. It follows that radia- 
tion when applied to design 
gives at once a natural vitality 
and vigour. It suggests con- 
structive strength as well as 
lightness and perfection of 
balance, as can bo scon in tho 
Corinthian capital, in the 
vaulting of Gothic archi- 
tect mu', in the piers of a 
bridge, in the folds of drapery, 
in the wheel, and in the 
homely fan. 

Congrulty. The prin- 
ciples of congruity imply the 
harmonious relation between 
the different parts of an object, 
or between the complete object 
and its surroundings. Styles 
of different per iods must, never 
be ('in ployed so as to produce 
a harsh discord. The principle 
is one too often abused in 
the clashing furniture of 
modern houses, where the Jacobean and Louis 
Quatorzo periods, the Chippendale style, and 
that of the Got hie revival, often moot in hap- 
hazard union. In our cathedrals, where Norman 
architecture runs into Karly English, and Early 
English is joined to Decorated and Perpendicular, 
there is always the connecting idea of gradual 
growth and progress in transitional stages. For 
an example, however, of the utterly incongruous 
in architecture, one may instance the church of 
St. John, Horslcydown (on the south side of the 
Thames, near the Tower Bridge), where a debased 
Corinthian column is used as a spire, the very 
essence of a column being the idea of support ; 
used, too, on a building of the Renaissance style. 
Another example is the classical doorway, a 
so-called restoration, added by Sir Christopher 
Wren to the Norman work of the north transept 
of Ely Cathedral. 

Contrast. One of Nature's most obvious 
law r s is that of contrast, as exemplified in day and 
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3 . MOSAIC PATTERN IN THE BAPTISTERY 
\T FLORENCE, SHOWING THE PRINCIPLE 
OF CO (INTERCHANGE 


DESIGN 


night, summer and winter, male and female, 
flower and leaf, land and sea. In the markings 
of animals, the plumage of birds, the colouring 
of flowers, it will be observed that constant 
beauty is produced by contrast in form and 
colour. In design, therefore, contrast is one of 
the means of obtaining freshness and variety. 
What makes the beauty of a Corinthian capital 
is largely its contrast with the simple column 
beneath it. Any draw- 
ing in pure black and 
white snows the value 
of contrast. One of 
the most striking in- 
stances of the universal 
device of contrast is 
symmetry, of which we 
have spoken, where the 
design on one side of a 
common axis is reversed 
and contrasted with the 
other side. By means of colour, or by light 
and shade, contrast may be infinitely developed. 
The egg-and-tongue [8] and the anthemion [11 
patterns show contrast of black against white 
and of straight- line opposed to curve. Another 
example of contrast, is the chequer or chess- 
board pattern, one of the oldest and most 
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4. GREEK FRET ORNAMENT 


A further application 


universal of ornaments. 

Counterchange, 
of contrast is the use of 
counterchange, by which 
a pattern is designed so 
that the ornament forms 
an exact counterpart of 
the ground, and vice 
vers A, [3J. Counter- 
change was largely 
employed in Arabian 
and Saracenic decora- 
tion, and in Spanish and Italian textiles of 
the seventeenth and eighteenth centuries. Tn 
a way it is a direct infringement of the laws 
governing proportion, for a design that, leaves 
one in doubt as to what is ground and what 
ornament is more puzzling than satisfactory. 
In a simple geometrical diaper, however, such 
as a chessboard, or a plain mosaic floor, this 

fault is not apparent, 

and counterchange is a 
useful form of decora- 
tion. In a more com- 
plicated pattern it is 
apt to irritate the eye. 

Unity and Sub- 
ordination. A suc- 
cessful application of 
the other laws and 
principles of ornament 
will help to produce 
unity. Unity of style 
ordination are essential 
design. Every detail should co-operate to 
the production of a single effect, dignity and 
beauty being impossible in any work of art 
without perfect uniformity of idea and treat- 
. went. In furnishing a room, for instance, 
wallpaper, carpet, furniture, should form a har- 
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5. EGYFTIAN RORDKR ORNAMENT, SHOWING 
WAVE PATTERN 



6. DOUBLE OUILLOCHE PATTERN 


and decorative 
elements 


sub- 

good 


monious concord of colour and design. Carpets 
and wallpapers should be flat in treatment, 
subdued and quiet in colour, for they are a 
subordinate background to pictures and furniture. 
They must not form a picture in themselves, 
attracting the eye by vivid contrast of colour or 
by pronounced pattern, but must serve, like the 
background in a picture, to relieve and heighten 
the central point of interest. So also in any 
complex piece of orna- 
ment one part should 
1)0 emphasised as the 
most important, and 
the other parts should 
lead up to it, echoing, 
perhaps, in a minor key 
the main motive. An 
ornamental handle or 
spout on a vessel should 
never seem t-o be an 
added afterthought, but 
a portion of the original scheme, an integral 
part of the whole. A common instance of 
want- of unity occurs when the stem and 
leaves in a plant design are treated in a 
formal conventional style, and then finished 
with absolutely realistic flowers. A good rule 
for the designer is that whatever element of 
decoration he employs, be it vegetable, animal, 
or human forms, and whatever colour he uses. 

it should be repeated 
throughout his whole 
composition. 

The Straight 
Line. So far we 
have been dealing 
mainly with the prin- 
ciples and theories of 
design, and it remains 
to give some suggestion 
for their practical application. In the first place, 
it must be noted that the three essentials of 
design are line, form, and space. Line, the basis 
of all ornament, is used to give the framework of 
the design, to define the forms, and to express 
the lines of structure. Form is required to give 
substance, mass, and variety, as well as to express 
contrast in colour and relief. In actual adaptation 
_____________ both of these will be 

found subservient to 
space, for it is obvious 
in design that line and 
form are always con- 
trolled by the fact of 
their having to fill a 
definite enclosing space. 

The student should 
pay careful attention 
to tho expressiveness of 
line, noting how verti- 
cal lines (the lines of a tree or column) express 
support ; how horizontal lines (the lines of the 
ground or horizon) suggest stillness and stability : 
while undulating lines or curves (the lines of the 
waves or of wind-swept trees) indicate move- 
ment and natural growth. The elementary stage 
of design demands the noting of the number of 
patterns that may be evolved from the use of 


DESIGN 


she straight line. All the various regular geo- 
metrical forms — the triangle, square, rectangle, 
diamond, lozenge, star, and every kind of poly- 
gon — are integral parts of ornament, used 
largely as constructive bases in pattern designing. 
By following the principle of repetition, orna- 
ment can be obtained by straight lines in all 
manner of patterns, such as the zigzag , so 



7. GREEK WAVE ORNAMENT 

characteristic of Polynesian ornament [2], or in 
the fret [4], employed largely by the ancient 
Greeks. 

The Line and the Curve. In Nature 
the curve is essentially the “ line of beauty,” and 
in design the repetition of a curved form at once 
produces an effect pleasing to the eye. The 
simple meander , the guilloche, the spiral , and the 
scroll form effective borders [4 and 6]. The 
Creeks, bringing convention to bear on Nature, 
used the blue waves of the Aegean Sea as the 
motif of their charming wave pattern [5 and 7]. 
Their anthemion , or honeysuckle ornament [lj, 
so frequently used for the decoration of vases, 
remains one of the finest examples of border 
ornament. The curves of the acanthus were 
wonderfully adapted in the capital of the 
( Corinthian colu mil. 

The combination of the straight line and the 
curve used in repetition supplies an endless 
variety of ornament for borders or mouldings. 
The anthemion design was frequently used on 
v fuses with double lines or a fret pattern beneath it. 
The eyg-and-torujuc, moulding [8] (figure shows 
the “ ovolo ” along with the astragalus or bead 
moulding) is a tine combination of the straight 
line and the curve. These Greek examples, all 
admirably adapted to horizontal extension, have 
held their own from the earliest times as types 
of perfect design. The line and the curve also pro- 
duce systems of pattern adapted for indefinite 
extension both vertically and horizontally. They 
must be repeated on a geometrical rectangular 
basis. A repetition in two directions of squares 
(as on a chessboard) or of diamonds, or circles 
(single or interlacing), or combinations of these 
forms, produces what is called a diaper. On this 
diaper basis may be built any supers tructu re 
of floral design. 

Plant Form in Design. Having gained 
the power of expressing ornament by means of 
straight lines and curves, the next stop is to make 
use of plant form. The designer is more dependent 
on plants and flowers as a material for ornament 
Ilian anything else in Nature’s domain. The 
human figure and animal forms are used inci- 
dentally, but plant ornament is the basis of all 
design. 

The first thing is to make a careful and scien- 
tific drawing of the plant, exactly as it appears in 
Nature, dwelling on all the varieties of form and 


surface, of light and shade. Now, even when 
starting to draw a plant with a purely graphic 
purpose, you will find that, consciously or un- 
consciously, you are beginning to design. The 
selection of the point of view, the arrangement of 
your subject on the paper, are both elements of 
decoration. Having completed a careful study, 
the next step is to notice the governing lines in the 
drawing, to analyse the foliage and flowers with a 
view to the selection of ornamental forms to he 
derived from them. Your first drawing should he 
merely imitative, with elements of design ; your 
second, in its selection, its rejection, its arrange- 
ment, should be design pure and simple. The 
second drawing should show the plant displayed 
and flattered with seed-pods, birds, flowers, and 
leaves treated as motives for decorative orna- 
ment. 

Tn Nature there are all kinds of excrescences 
and accidental irregularities ; but the designer 
must no longer look at his plant with the eye of a 
botanist. The adaptation of plant form does not 
mean the twisting and arranging of the* plant to 
lit a required space. The artist must absorb the 
natural beauties of floral growth, and express 
them not by means of a naturalistic transcript, 
but by the abstraction and selection of their 
grace in line and form. To give a merely imita- 
tive rendering of natural forms is in most of its 
applications one of the falsest and most debased 
styles of ornament. 

The Repeat in Wallpaper. It was 

pointed out above that repetition was an essen- 
tial principle of ornament in the handicrafts of 
antiquity. To-day it is even more essential, owing 
to the demands of modern machinery. Machinery 
must necessarily reproduce a design by constant 
repetition, and whether a design he printed, 
stamped, or woven, the “ repeat ” is necessary. 
It is impossible here to enter into the varied 
requirements of different t Hides, hut it may be 
well to consider the repeal in relation to one of 
the most important — that of the printing of 
wallpapers. Wallpaper in our country is printed 
from a block of 21 in. square. The designer has to 



8. GREEK EUG-AND-TONGUE (OVOLO) AND HEAD 

(astr igal) ornament 


construct on this a pattern pleasing in form and 
colour, which will repeat all over the surface of a 
wall without flaw, and without losing its interest. 
The block may in itself contain one or more 
repeats. The repeat is extended in a vertical 
direction by successive printings of the block ; 
and in a lateral direction the extension is caused 
by the hanging of lengths of paper side by side. 
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THE TRADE OF EUROPE 

The Western Mediterranean Business and Trade. Economic Divisions and 
Trade of France. Belgian/ Dutch, Swiss, and German Trade Conditions 


By Dr. A. J. HERBERTSON and F. D. HERBERTSON 


'"THE Mediterranean climate and products have 
* received special attention in previous articles. 
(Nee especially pages 2230- 4. J The peculiarity of 
rain falling in the winter half of year is of great 
'economic significance. 

The economic development of the Mediterranean 
countries, however, depends partly on the con- 
figuration and position of the country, but even 
more on the stage of advancement of the population. 
In this long settled area can be traced the rise and 
fall of peoples better than elsewhere, and the 
effects, economic and social, of different economic 
regimes. 

Economic Decay and Advance in 
the Mediterranean Countries. Asia 
Minor, once the most pros]»erous part of the 
Mediterranean basin, is now the least so. The 
decay has been largely due to the neglect of roads 
and irrigation, the two ways which formerly 
]*ermiUed the circulation both of commodities and 
of the fertilising streams to the fields. The 
substitution of a pastoral for an agricultural 
civilisation leads inevitably to a decrease in tho 
food -producing possibilities of the land as well as 
to the diminution of its trading capacity, and 
the decay alike of its commercial routes and 
of the government which protects a settled 
population. 

Egypt, on the other hand, has progressed enor- 
mously in recent years, through the security afforded 
by the reform of its government and the improve- 
ment of its irrigation. 

Turkish and Egyptian Trade Com- 
pared* The trade figures of tho Turkish Empire 
are, unfortunately, old and unreliable. The exports 
probably amount to £15,(MX),0()0 and the imports to 
about £23,000,000 ; but by sorno the imports and 
exports are both estimated at between £20,000,000 
and £25,000,000. Tho chief exports are silk, grapes, 
mohair, cereals, especially barley, opium, and 
valonia ; and the chief imports, textiles, sugar, 
cereals, and flour. 

Compare with these the returns from Egypt for 
1905 in Egyptian money (£1 E-£l 0s. fijd.). 


Export* 

£(K> 

Imports 

£<E) 

Haw cotton . . 

Cereals and 
vegetables . . 

Drugs . . 

Animals and 
produets (in- 
cluding bides) 

Total of all 
kinds 

15,800,000 

2,700,000 

630.000 

318.000 

Textiles 
.Metals and 
manufactures 
Cereals and 
vegetables .. 
Wood and coal 

6.053.000 

2.837.000 

2.793.000 

2.679.000 

19,484,000 

! 

Total of all 
kinds 

14,362,000 


Perhaps no more lolling proof of the change in 
be found than a comparison of Egyptian 
figures for 1905 with those of ten years earlier. 
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Exports 

1895 

Import* 

1895 

Raw cotton . . 

9,532,000 

Textiles 

2,583,000 

Cereals and 

Metals and 

vegetables . . 

2,273,000 

manufactures 

857,000 

Miscellaneous . . 

827,000 

Cereals and 


vegetables . . 

779,000 



Wood and coal 

1,074,000 , 



Miscellaneous . . 

3,097,000 

Total of all 


Total of all 


kinds 

12,632,000 

kinds 

8,390,000 


Greece. With its mountains and narrow 
plains, Greece is not suited to great, agricultural 
development. Currants and iron ore are the 
cKief exports, with wines and oil secondary ones. 
One-third of the imports arc* agricultural pro- 
ducts, and one-seventh textiles. By far the largest 
trade is with Britain. 

The Western Mediterranean Lands- 

Tho Western lands are much more advanced, and 
present a considerable economic contrast to those 
of the Eastern lmsin. The lowlands are greater in 
area, and are more carefully cultivated. Wine and 
oil form an even more important part of their pro- 
ducts. There is little industrial development, except 
in Northern Italy, Southern France, and round 
Barcelona, in Spain. Portuguese, Algerian, and 
Tunisian statist ics are more comparable with those of 
the Eastern lands. Algerian. Moroccan, and Tunisian 
trade is still largely agricultural. Over 30 per 
cent, of the exports from Tunis, which are valued at 

77.000. 000 francs, consist of cereals, over 12 per cent, 
of olive oil, while phosphates, zinc, and lead ores 
amount to over 21 per cent. Textiles, iron goods, 
flour, sugar, and coal are tho chief imports. Tin* 
bulk of the trade is with France. Next conn* 
Algeria, Italy, and Britain. 

Algerian and Moroccan Trade. Algerian 
trade is much larger. The exports are worth over 

272.000. 000 francs. They resemble those of Tunis in 
many respects, but the proportion of cereals is much 
smaller (only 10 1 per cent.), while wine is an im- 
portant product (35 per cent.). Live animals account 
for 12 per cent., and hides and wool forti per cent. 
Phosphates arc not. quite so valuable as in Tunis, hut 
iron and zinc ores are worth nearly 5 per cent, ot 
the exports. Tho imports resemble those of Tunis. 

Over HO per cent, of the total trade is with France. 
Britain coming next with little over 3 per cent. ; hut 
Belgium takes nearly as much from Algeria as 
wo do. Germany and Italy both figure more promi- 
nently in the export than in the import columns, 
while Brazil, Morocco, Bpain, and even the Unite* 1 
States are more prominent in the import columns. 

Moroccan trade iH comparatively small. Products 
such as eggs, almonds, wool, wax, birdseed, and 
beans, wliicn require no great care to produce, ar<- 
exchanged for cottons, sugar, and tea. 

Portuguese Trade. Nearly half the country 
of Portugal is waste land, and one-tenth is under 
fruit trees and shrubs, of which one-fifth is vineyards. 





Wine (over one-half of it port) is by far the 
most important export (nearly one-third), and cork 
comes next (one-eighth). Fruits, fish (especially 
tinned sardines), cotton, and copper ore are other 
important exports ; 26 per cent, go to Britain, 

18 per cent, to Spain, 17 per cent, to Brazil and the 
Portuguese colonies. Britairf obtains 22 J per cent, 
of its wine from Portugal. Cotton and cottons, wool 
and woollens, coal, iron, and machinery, codfish, 
wheat, sugar, wood, and livestock are among the 
chief imports — 30 per cent, come from Britain, 
17 per cent, from Germany, 10 per cent, from the 
United States of America, 9 per cent, from France, 
and 9 per cent, from Spain. 

The position of Lisbon makes it an important 
entrepot centre, to and from which is carried 
produce from South America, more particularly 
from Brazil and from the Portuguese colonies. 

Economic Divisions of Spain. There are 
four great areas in Spain: (1) The forested and 
mineral mountains pf the north ; (2) the pasture 
lands of the Meseta and the Ebro valley, which are 
only here and there cultivated : (3) the mineral 
zone of the Sierra Morena and Sierra Nevada in the 
south ; and (4) the fertile plains of Andalusia and 
(lie terraced hillsides of the coastal regions of the 
Mediterranean. In this region is Barcelona, the chief 
manufacturing centre, noted for its cottons, silks, 
woollens, and paper (made largely from esparto 
grass). 

Spain has two outlets : (1) By the Mediterranean 
to the east and south and west- : and (2) by the 
Atlantic to the west ancHiorth. The internal routes 
arc poor and inadequate, and this greatly hampers 
Spanish economic development. One-third of Spain 
is cultivated, one-fifth produces fruits, and another 
fifth is under grass, while nearly 4 per cent, consists 
of vineyards. 

Spanish Exports and Imports. From 
the north of Spain iron and iron ore and partially 
manufactured iron are exported, especially from 
Bilbao, where there are many ironworks. Some zinc 
and cobalt are also exported from this district. The 
southern mineral zone yields much copper (exported 
from Huelva), silver, silver-lead, lead and mercury 
(Almaden). Metals, minerals, and their manufac- 
tures amount to 34 per cent, of the total value of 
exports — 874,000,000 pesetas (say, 331 pesetas -- £1 ). 

The wine, grapes, raisins, oranges, tigs, olives (and 
olive oil) and other fruits ship|>ed from the Medi- 
terranean ports and Cadiz amount to nearly 
40 per cent, of the exports. 

Spanish imports include alimentary products, 
such as grains to a percentage of 20 per cent, of the 
total of 845,000,000 pesetas in 1904 ; while raw 
cotton, or cotton goods, formed 13 per cent. Coal, 
iron goods, and machinery form an iinportant group 
of imports. 

Spanish trade relations are worth analysing. The 
eight States with the greatest trade are. 


Country 

Exports to i 1 in port h from 

1,000 of pt'BCtus | 1.000 of poftefm* 

United Kingdom 
France 

German Empire 
United States .. 
Portugal 

Belgium .. 

Italy 

Cuba .. 

308,105 172,278 

189,593 1 ? 2,512 

44,602 92,890 

27,498 102,095 

35,618 38,462 

27,212 34,570 

39,661 25,016 

80,401 4,523 


Britain, France, and Cuba take more exports 
than other countries. To Britain and France are 
*ent much iron ore, wine and fruits ; to Cuba, 
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wines and manufactured articles. Britain, France, 
the United States, and tho German Empire supply 
most of Spanish imports, mainly manufactured 
articles, with cereals and cotton, in addition, 
from United States. 

Economic Divisions of Italy. Italy is 
mainly agricultural, and over 70 per cent, of ils 
surface is productive. Wheat is grown on 17 per 
cent, of the surface and vines on 14 per cent., the 
maize fields and olive groves being next- in import- 
ance. On the hill slopes mulberry and other trees 
flourish. On the Alpine meadows* and grassy flood 
plains many cattle are kept, and cheesemaking is 
important. 

Apulia, which produces hard wheat from which 
macaroni is made, in the east is divided by the 
Apennines from tho fertilo flood plains and hill 
slopes of the west, while the Sicilian region and tho 
Neapolitan Cnmpagna, with their lemon, orange, 
and olive groves and vineyards, and Tuscany, with 
fewer oranges and more vines and olives arc the 
most productive. Except sulphur from Etna, marble 
from Carfara, iron ore from Elba, and some iron, 
silver, lead, and zinc from Sardinia, the produce is 
mainly fruits and wine and olive oil, with straw 
plait, and artistic articles for tourists. 

Northern Italy is shut in by mountains. Tho irri- 
gated northern plains are cold in winter, very warm 
in summer, so that not only wheat and maize, but- 
even rice is grown. The perennial streams yield 
abundant water supply for the electric power which 
is so important in an area where there is no coal. 
The chief manufacture is silk, the silkworms being 
fed on the mulberry leaves, and the cocoons un- 
wound in many villages. The chief centres are 
Como, Brescia, Bergamo at tho opening of 
Alpine valleys, and Milan, the great city of the 
plain. Engineering works have become of great 
importance at Milan, Turin, and other centres. 

The outlets of this northern region to the sea arc 
by Genoa, reached by fairly easy passes, and, to a 
less degree, through Venice. The Alpine tunnels 
connect it with the colder lands of Central and 
Western Europe, to which its richer produce is sent. 

Italian Exports and Imports. Of Italian 
exports, raw r silk is by far the most important, 
forming 26 per cent, of the total of nearly 
1,600,000,000 lire (25 lire ^ £1). Cotton and silk, 
olive oil, flax and hemp, sulphur, eggs and wine 
come next. Switzerland, the German Empire, 
France, and the United States arc the chief cus- 
tomers ; then come Austria-Hungary, Britain, and 
the Argentine Republic, to which so many Italians 
have emigrated. 

Of Italian imports raw cotton is the chief, 12 per 
cent, of a total of over 1,900,000,000 lire; coal 
and coke in a coal-less land naturally come next. 
Cereals to the value of over 125,000,000 lire arc 
brought into the country, and tho local raw silk is 
supplemented by over 100,000,000 lire worth, ob- 
tained mainly from the Far East. Ironwork and 
machinery, timber, wool, hides, and cured fish are 
among the other important imports. 

Of these imports 17 per cent, come from Britain, 
which sends far more goods to Italy than it receives 
from it. The German Empire, United States, 
France, Austria-Hungary and Russia are tho next 
most important sources of import. 

The position of Italy is a favourable one for 
commerce. In touch through the Alpine tunnels 
with the Great Powers of Continental Europe, 
it is connected with the Atlantic and Indian 
oceans by the Strait of Gibraltar and the Suez 
Canal. Though it cannot he expected to attain 
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the preponderant part which it played in mediaeval 
commerce, its economic development and com- 
mercial expansion are both assured. 

Economic Division of France. The 

three mountain areas of the Pyrenees, Central 
Plateau and Alps are of small economic importance 
compared with the three lowland areas, southern, 
western and northern, each of which touches a 
different sea. [See pages 1681-4, where a full 
description will he found.] Nearly 42 per cent, 
of working ]>cople are farmers or foresters, 30 per 
cent, are engaged in manufacturing industries, 
12 per cent, in trade and transport. 

The southern lowlands of Languedoc and Provence 
face the Mediterranean and belong to Mediterranean 
type of country. Wheat and maize, and lucerne are 
grown in the fields, but olive groves and vineyards 
are more important, and on the hillsides the mul- 
berry flourishes and silkworms are reared. 

Silk weaving U carried on chiefly at Lyon 
on the Rhone, near the St. Etienne coalfield, 
where St. Etienne is noted for silk ribbons, 
but spinning is common through all the 
southern region of Franco. Marseille is 
famous for soap, candles, and other works 
depending on copra, palm oil, and other 
tropical produce brought by its fleet of 
merchant ships from warmer lands. More 
wine is produced here than in any other division 
of France, and much of it is shipped, at Cette. 

The Western Lowlands and the 
Centra! Highlands. The western lowlands 
of the Garonne basin produce much wine (clarets) 
especially round the Gironde estuary, where 
Bordeaux is the port and chief commercial centre. 
Maize is still an important cereal. Throughout 
this area fruit- preserving, especially of plums, is 
important. At Bordeaux colonial produce, especially 
sugar, is prepared for the market. The central 
highlands support large flocks of sheep and herds 
of cattle, but agriculture is important in the fertile 
plains of the Loire and the Allier. Vineyards are 
found all round the margins on terraced hillsides 
facing the south, especially on the limestone heights 
of the Cote d’Or, which link the Central Plateau to 
the Vosges. Hero the wines of Burgundy are made. 
The chief centres are Dijon, Beaune and Macon. 
Small coal and iron fields round the margin give 
rise to numerous small industrial centres. The 
metal works of Lc Crcuzot and St. Etienne are the 
most important, but minor smelting and machine- 
making centres are in the Nivernais, Alais, and 
Roucrgue. Woollens are important in Languedoc, 
round B6darieux, and porcelains round Limoges. 

Northern and Eastern France. The 
northern lowlands are mainly in the Seine basin, and 
they may bo considered to extend westwards down 
the Loire to the Bay of Biscay, northwards through 
the low hills of Picardy and Artois, and eastwards 
across the heights bordering the Meuse and the 
Moselle. This is the centre of wheat and beet- 
growing. Apple orchards and eider become important 
in the north. Vineyards and wines, including 
sparkling wines are found in the south, in the 
Champagne and Loire districts. 

There are four great industrial areas in 
Northern and Eastern France: (1) The Parisian 
district, making objets de luxe, pottery, paper, etc. ; 
f2) the lower Seine, where English coal, American 
cotton, and Argentine wool can be brought cheaply 
to Rouen (cotton) and Elbeuf (woollens) ; (3) the 
eastern industrial area supplied with coal from 
the Saar fields, making iron and steel and cotton ; 
(4) the northern coalfield with its cottons, linens, 
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and woollens made at Lille, Tourcoing, Roubaix, 
Valenciennes, Reims, and other centres, numerous 
iron and steel works, and many sugar factories, 
most numerous in the western margin, where most 
sugar beet is grown. Dunkirk is the outlet for the 
region, which is intersected by a good canal system 
running to Paris. 

French Trade. The table given below shows 
generally the chief divisions of French commerce and 
their values during the past four years (a franc — 9|). 

From such a table we notice the variations from 
year to year, which it is not possible to analyse in 
the brief space at our disposal nere. This, however, 
warns us to use mean values as much as possible. 
Further, we notice how France exports almost as 
much food products as it imports, and in this 
respect it differs from other industrial countries 
of Western Europe. A third point is that both 


imports and exports of manufactured goods are 
increasing, a sign of healthy development. 

French exports in 1904 consisted of textiles, 
10 per cent. : silk, 6*4 per rent. ; woollens, 4’8 per 
cent. : and cottons. 4*8 per cent., formed the most 
important class of exports. The fine French 
workmanship and taste ensure a market for highly 
priced goods. Raw wool and yarn, 6 per cent, 
raw silk and yarn, 3 per cent., are both important. 
Wine, 4*8 per cent., is the chief alimentary product, 
small ware, 4*4 per cent., leather, linen, and metal 
goods, skins and furs, and chemical products (each 
about 2J per cent.) come next. 

Britain takes 27 per cent, of these exports 
(largely silk and woollen goods, w r ine, sugar, butter, 
leather, carriages, clothes and cotton goods), 
Belgium 17 per cent., Germany 14 per cent., Algeria 
7.} per cent., the United States and Switzerland 
each 7 per cent. The United Kingdom is thus b\ 
far the best customer of France. 

• French Imports. Raw wool, 8 A per cent., 
raw cotton, 7.J per cent., and raw silk, 7 per cent , 
are the chief imports. The lack of coal is made 
up by importation of coal and coke, in decreasing 
quantities, but still amounting to 5 per cent of the 
total imports. Oil seeds, 4} per cent., timber. 
34 per cent., hides and furs, 3 per cent., and cereal-, 
2| per cent., are the next items. 

The United Kingdom and the United State* 
have the greatest share in supplying French needs, 
each being 121 per cent. From Britain come coal, 
woollen and cotton goods, machinery, metals, and 
chemicals. Then come Germany, 10 per cent.. 
Belgium and Russia, each over 0J per cent., Algeria 
and Argentina, each 6 per cent. 

British trade is thus by far the most import aid 
for France, then that of Germany and the United 
States, showing that eoim tries well developed 
economically have very large trade with each other. 

The French transit trade is considerable. Th* 1 
general expofts for 1904 were worth 5,744,500,00° 
francs, those of French produce, 4,451,000,000. :> 
difference of 1,293,500,000, or 22 J per cent, of tin- 
export trade. The favourable position of France in 
the Mediterranean and Atlantic and its contiguity 
to the great European states explain this trade. 



1 in port n 1 1,000. W0 fr/uu-*) 

Export* (1 ,000.000 friuu-n) 


1902 . 

1903 

1904 

1905 

1902 

1903 

1904 

1905 

Food products 

sis 

901 

817 

800 

707 

003 

093 

77s 

Raw products 

2,799 

3,021 

2,853 

3,020 

1,170 

1,170 

1,221 

1,201 

Manufactured goods 

777 

SI 9 

832 

847 

2,375 

2,413 

2,537 

2,722 

Total . . 

4,394 ! 

4, SOI | 

4,502 

4,073 

4,252 

4,252 

4,451 

4,701 1 




The .Belgian Industrial Area. The 

Belgian industrial area is a continuation of that of 
Northern Prance. It is especially famous for 
linen made from local and imported flax (at Ghent, 
Toumai, and Courtrai), woollens (at Verviers) 
from Ardennes, as well as imported wool, and round 
Li6go for steel and engineering works near the 
rich ironfields of the Ardennes and the zinc of 
Vieille Montagne. Lace is made at several towns 
(Mechlin, Brussels), while # at Antwerp sugar is 
refined and beer and spirits’ are made. 

Belgian Exports and Imports. The 

trade of Belgium presents many contrasts with 
that of France. It has not the same variety of 
agricultural produce, and the country is not nearly 
ns self supporting. Its rich coalfields, on the other 
hand, yield more than enough for home use. Its 
transit trade is even greater than that of Prance, 
and forms 43 per cent of the export trade of 

3.849.000. 000 francs. 

Antwerp is one of tho great wheat ports of the 
world. The wheat is distributed by rail and also 
by water. It is towed in barges up the llhine, even 
as high as up to Strassburg. Some may even l>o 
sent to Strassburg by such a roundabout way as by 
the Meuse, and the Rhine and Main Canal at a 
higher cost, and taking much longer time. As it 
saves the Strassburg merchant the cost of ware- 
housing, this route is taken by part of the wheat. 

Of the special export trade of 2,183,000,000 francs, 
iron and steel form per cent., machinery and coal 
amount each to about 5 per cent., raw wool, linen 
yarn, diamonds (cut at Antwerp) and flax each to 
over 4 per cent., wheat, zinc, and indiarubber (from 
the Congo) over or nearly 3 per cent. Germany 
takes 23 per cent-., Britain 18 ]>cr cent., Franco 
13.} per cent., and the Netherlands 12 per cent, of 
these exports, the United States only 4 per cent. 

Belgian imports for home use are valued at 

2.782.000. 000 francs. Wheat figures prominently 
and amounts to nearly 11 per cent, of the total. 
Timber, raw wool and flax each come to about 
5J- per cent. Hides, diamonds, coffee, chemicals, 
coal, iron ore, raw cotton, machinery, are among 
the other important items. 

Most imports come from France, nearly 17 per 
cent.; Germany and Britain, each about 12 J per 
cent., Netherlands, 9 per cent.. United States, 8 per 
cent., Russia, 8 per cent., Argentina, 7 per cent., 
and British India, 5 per cent., are the other chief 
sources of supply. 

Switzerland, the German Customs 
Union, and the Netherlands. The 

(Central European countries have not the advantage 
of France in position, although in the sheltered 
valleys of tho south the vine comes to perfection. 
Although Alpine tunnels and the Rhone valley afford 
routes to the Mediterranean, still most of the 
commerce finds its way north to the Rhine, Wesc*r, 
Elbe, and Oder ports. 

The Swiss ana South German farmers cultivate 
maize, wheat, flax, hops, chicory, and tobacco on 
the richer lower plains, and barley, oats, and ryo 
on poorer soils and higher fields. The terraced 
lower sunny slopes of tho hills are covered with 
vines and the rest with forest, up to the level of 
Alpine meadows above which comes the snow lino 
in Switzerland. 

The North German and Dutch plains are not 
suited for maize, and even wheat is not much 
cultivated. Towards the east and south-east rye 
becomes the most important crop. Potatoes, from 
which spirit is distilled, are abundant in the middle 
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Elbe and all of the Oder basins, and sugar beet is 
a most valuable crop in Silesia and tho area between 
tho middle Elbe and Weser. 

The Swiss Industrial Area. An im- 
portant industrial area lies in tho northern plateau 
of Switzerland, between the Alps and tho Jura. 
Though hampered by an absence of coal, Swiss 
energy and education have developed great in- 
dustrial prosperity, which is expanding with the 
increased utilisation of the abundant water power 
converted into electricity. Engineering works are 
important in the great towns of tho north, especially 
at Zurich and YVinterthur (locomotives). Cottons 
are made at St. Gallon and Zurich, and silks at 
Zurich and Basel. The watch trade is commonest 
in the south-west round Chaux-dcs-Fonds, I^e Lode, 
and Geneva. 

Swiss Trade. Switzerland exported 

935.000. 000 francs worth of goods in 1904, and over 

1.000. 000.000 francs in 1905. Its manufactures, 
silks (25 per cent.), cottons (18 per cent.), clocks 
and watches (13 per cent.), and its preserved foods, 
cheese, condensed milk, chocolates, spirits (13 per 
cent.), are sent, not merely to adjacent countries, 
but over tho seas. While Germany takes 22 £ per 
cent., Britain takes over 19J per cent-., America 
15J per cent., and Franco only III per cent, of tho 
exports. 

Swiss imports in 1904 amounted to 1,323,000,000 
francs and in 1905 to 1,433,000,000. Switzerland 
has to import food for its industrial population 
(23 per cent.), while raw and manufactured silk, 
cotton and wool, metals and minerals form tho 
next important items. 

Germany (28 per cent.), Franco (18 per cent.), 
Italy (13 per cent.), America, Austria-Hungary, and 
Russia (each between 6 per cent, and 7 per cent.) 
supply the bulk of these commodities, tho British 
proportion being under 4£ per cent. 

The South German Industrial Areas. 
The industrial areas in South Germany are in small 
groups. The only coalfield is that of tho Saar 
valley, where ironworks are important, as well as 
in the Grand Duchy of Luxemburg. Tho iron 
ores cast of Niimbcrg supply material for the 
other smelting works. Engineering is important 
in tho capitals of the different states and in other 
large towns. Cotton manufacturing is the most 
important textile industry, and is carried on at 
Mulhunsen and Colmar in Alsace, Freiburg in Baden, 
where some silk is also made, and at Stuttgart. 
Darmstadt and other towns in C mtral and Southern 
Wiirttemberg. Greater use is being made of the 
abundant water power of the southern highlands. 
Chemical works of great importance exist in tin* 
northern part of this area in Ludwigshafen, Mann- 
heim. Fruiikfurt-am-Mnin, Niirnberg, and Stuttgart. 
Brewing is important all over Germany, especially 
round Munich and the other capitals. 

Silesia and Saxony* The Silesian indus- 
trial area is near rich fields of bituminous and of 
brown coal. Iron industries are common near the 
former, at Gleiwitz, Konigshiitte. Engineering 
works exist in the larger towns such as Breslau 
and Liegnitz. Tho local flax and wool make 
linen and woollen manufactures important all 
along the base of the Sudetes, especially at 
Schweidenitz, Liegnitz, and GQrlitz. Cotton is 
spun and woven at Breslau, Glatz, and Gbrlitz. 
Sugar is extracted from sugar-beet, at Breslau and 
other centres. 

The Saxon industrial area has important coal, 
iron, and other metalliferous deposits. Freiburg 
is tho chief mining centre. Chemnitz, Dresden, 
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Leipzig, and all the larger towns have engineering 
works. Local wool makes the fabrication of 
woollen goods very important. As Saxony is in 
closer touch than Silesia with the oceanic routes 
by the Elbe and Hamburg, cotton manufacturing 
is much more important in Saxony, and is carried 
on at Chemnitz, Zwickau, Plauen, and other centres. 
The potteries of Meissen (Dresden ware) and the 
book trade of Leipzig are special industries of this 
region. The salt of Halle, Stassfurt and other 
centres gives rise to chemical works. 

North German Industries. The in- 
dustries of the North German plain consist mainly 
of those which elaborate agricultural produce. 
The most important is the preparation of sugar 
from sugar-beet, especially between the Elbe and 
Weser. Halle, Magdeburg, Brunswick, Hanover, 
and Hamburg are among the more important 
centres. Potato spirit is also made in these towns. 
Cement manufacturing is carried on round Hanover. 
Berlin lias the furniture, clothing and other manu- 
factures of a great capital, and it possesses the great 
advantage of being reached both by water and by 
rail. Hamburg may be regarded as tho North Sea 
port of Berlin aLd Stettin its Baltic seaport. 

Westphalia and the Rhineland. 
The Westphalian and Rhineland industrial area 
is the most important of all. Rich in coal and iron, 
it has the great Krupp works at Essen, the hardware 
of Remscheid, and ironworks at all the chief centres, 
Aachen, Coin, Diisseldorf, Dortmund. Woollens 
from local and imported wool are made at Aachen, 
Barmen- Elberfcld, and other centres. Barmen- 
Elberfeld and (Ye f eld arc famous for silks and 
cottons, tho latter made at many other centres in 
this busy area. 

The Rhine here is the natural highway. The 
ports, such as Diisseldorf, Duisburg, and Coin, rival 
in the amount of their tonnage that of groat ocean 
ports. Yet the Rhine is under the great disadvantage 
of reaching the sea beyond German territory, so tho 
Germans are constructing great canals to join this 
industrial region to the North Sea at Emden and 
Bremen. The canal from Dortmund to the Ems is 
now complete, and is being extended to the Rhine. 
It was proposed to construct a great canal from the 
Rhine to the Vistula, but the opjjosition of tho 
Prussian landlords, who realise that cheaper canal 
communication would facilitate the competition of 
foreign wheat in inland centres with home wheat, 
and also that of tho merchants of Hamburg, who 
feared the gain would be that of Bremen, at the 
expense of Hamburg, led to an abandonment of 
the full scheme and the authorisation to construct 
the canal only as far east as Hanover. 

German Exports and Imports. The 
German Customs Union, or Zollverein, includes 
Luxemburg. In 1904 the special exports were 
valued at 5,315,000,000 marks (1 mark equals 1 
shilling), and in 1905 at 5,693,000,000 marks. 
Textiles were by far the most important (in 1904, 
23J por cent.), metals and metal ware coming next 
(over 16 per cent.), articles of consumption and 
chemicals (each over 9 per cent.), machinery and 
leather goods (each over 7 per cent.) coming next. 


Britain is Germany's best customer as it is of 
France, and takes 19 per cent, of the exports. 
Austria-Hungary takes 11 per cent., North and 
Central America 10$ per cent., the Netherlands 
8 per cent., Russia and Switzerland both over 6 per 
cent., France 5 per cent., South America and West 
Indies also 5 per cent. 

The German imports were valued at 6,864,000,000 
marks in 1904, and 7,046,000,000 in 1905. Unlike 
France, Germany cannot feed its people on its own 
produce. Hence, nearly 25 per cent, of the imports 
consist of articles of consumption. The textiles 
and raw material for textiles imported are not far 
short of this large percentage — viz., 22 per cent., 
and metals and metal ware nearly 14 per cent. 
The food sent from North America makes it the 
chief source of German imports, over 14$ per cent., 
but Britain is only a fraction less important — viz., 
just under 14$ per cent. ; Russia comes third, over 
12 per cent., Austria-Hungary 10 J per cent., and 
France over 6 per cent. British trade with Germany, 
as with France, is first in importance. 

The Netherlands. Holland has little 
mineral wealth. It can import coal cheaply across 
the North Sea. It is essentially, however, an 
agricultural and commercial country, the industrial 
developments being mainly in the elaboration of 
produce from the rich Dutch colonics, especially 
those in the East Indies. Sugar and cacao are 
among the most important, hut some woollens and 
cottons are manufactured. [See also page 1836.] 

Dutch trade of home produce or for home use was 
valued in 1904 at 1,986,000,000 guilders exports, and 
2,420,000,000 guilders imports (12 guilders equal £1). 
The following table shows the relative proportions 
of different classes of commodities in 1903 and 1904 : 


— 

Import*, 1,000 gl. 

Kx porta, 

1,000 gl. 


1903 

1904 

1903 

1904 

Food products . . 

0*25,698 

607,287 

603,102 

544,562 

Raw materials . . 
Manufactured 

557,010 

577,029 

425,309 

452,222 

products 

277,440 

263,966 

269,345 

252,355 

Miscellaneous 

427,608 

515,491 

327,186 

375,428 


Dutch exports consist of cereals and flour, 
copper, iron and steel, textiles, butter and mar- 
garine, cheese, vegetables, flax. Fifty-two per 
cent, goes to Germany, 22 per cent, to Britain, 
1 1 per cent, to Belgium, 5 per cent, to the United 
States, and 34 per cent, to Dutch colonics. 

Cereals and flour are the chief imports, followed 
by iron and steel, textiles, copper, coal, rice, wood, 
and coffee. Nearly 23 per cent, comes from 
Germany, 15$ per cent, from the Dutch East 
Indies, nearly 14 per cent, from Russia, over 
10 per cent, from Belgium and from Britain, and 
just under 10 per cent, from the United States, 
while 3 per cent, comes from British India. 

It is not possible to analyse our trade with 
Holland from our own trade returns, as much of 
it is trade with Germany passing across the Nether- 
lands, which has a very large transit trade by rail 
and by the Rhine. 


Continued 
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By Professor R. ELSEY SMITH 


PAPERHANGING 

T HK work of the paperlianger consists in prepar- 
ing the surfaces of walls and ceilings, trimming 
and preparing paper of various kinds and other 
hangings with which in these days walls are frequently 
ornamented and in sonic cases protected. 

Paperhangera* Tools. The tools used by 
the paperlianger are not very numerous. One may 
include with them overalls, which are generally 
made of “ duck ” or “ drilling,” which are always 
worn by the pajierhanger and which are formed 
with pockets for rule and shears and a wide 
pocket across the front. Shear s [18] are required 
for trimming papers before hanging ; long ones are 
from 14 in. to 10 in. long, but shorter ones arc 
also required. A trimming knife [19] is required 
of thoroughly well temjiered steel : this has a dee]) 
blade with a rounded cutting edge, and is made 
In one or two different forms. It is used against a 
straightedge when trimming. A cutting wheel [20] 
is often used. 'This is really a circular knife with a 
thin, fine edge, which may readily be kept in a sharp 
condition. A variation of this knife, known as the 
twentieth century cutter [21], is provided with a ratchet. 
W hen the wheel is drawn forward it becomes locked, 
and a definite portion of the circumference acts as 
the cutting edge ; by pressing the wheel backward it 
rotates slightly, another cog of the ratchet becomes 
locked and a fresh part of the circumference comes 
into play, so that a keen edge may bo in use until 
t lie whole circumference has been brought into play, 
when it must lie re-sharpened. These cutters may 
h* used for trimming paper either dry or pasted. 

There are various machines for trimming paper 
in long lengths before it is pasted, and these are 
made io trim one or both edges at once for any 
paper up to 22 in. wide. The Empire trimmer , 
made by Mr. J. Oates, of Huddersfield, has a rod in 
front of the machine on which the roll to be cut is 
placed, and a second roll at the back on which it is 
wound after cutting. The position of the cutting 
wheels can be adjusted to the exact width required. 

Trimming Wallpapers. Great care is 
required in 'handling rolls of pa|>cr that have 
been trimmed mechanically; this is usually done 
at thi5 shop, and if the rolls are afterwards taken 
to the job and made to stand on their ends, the 
carefully- trimmed edges will be damaged. Ordinarily, 
trimming Is done on the job just before hanging, and 
all such damaged edges are removed by trimming ; 
this operation is carried out on a trimming table 
erected on a pair of light trestles. 

The smoothing brush [22] is a broad brush from 
10 in. to 14 in. wide with a wooden back grooved 
to allow of its being held readily ; these brushes arc 
generally made of white Russian bristles. 

Seam rollers are used for smoothing joints and arc 
made of rosewood or ivory or of rubber [24J, or 
they may be finished with a layer of felt, covered 
with muslin, which may be readily renewed when 
soiled. The width of the roller is from 1 J in. to 2 in., 
and the surface is either cylindrical or barrel-shaped. 
In order to get close up to the work round the edges 


of architraves to doors and windows, and in similar 
positions, a side arm roller [25] is employed. 

Smoothing rollers [23 1 are usually about 8 in. wide 
and are used for running over the general surface 
of work. 1 hey are sometimes made of polished 
hardwood mounted in nickel-plated frames ; but 
in many cases these arc also finished with a layer 
of felt, which iR covered with muslin held in position 
by rings at each end. 

The brushes [26] used by the paperlianger arc 
made of long grey bristles mounted in wood handles 
so that they form a fiat kind of brush from 6 in. 
to 8 in. wide. 

A size kettle [27 J is best provided with a water- 
jacket to prevent any possibility of the size being 
burnt when heated. 

The paperlianger requires to use a plummet, a chalk 
line, a 2-ft. rule, a pail for paste, sandpaper, a tape 
measure, and compasses, and, very usually, cloths 
for smoothing down the paper in place of the smooth- 
ing brush already described. 

Wallpapers. Wallpapers are made by various 
processes and are sold by the piece. In the ease of 
English paper the piece is 12 yd. long nominal, 
and the paper is about 22 in. wide as sold, and 21 
in. when trimmed for hanging, and has a superficial 
area of 63 sq. ft. French papers vary somewhat 
in length, but are usually 9 yd. long and 18 in. 
wide, and contain 40£ sq. ft. American papers 
are 8 yd. long and 18 in. wide, and contain 38 
sq. ft. The pattern of a paper must therefore 
be made to repeat once or of tenor exactly in the 
width of the roll. Borders and friezes are usually 
sold by the yard. 

Papers that are printed are either machine 
printed or hand printed. The best results are ob- 
tained by hand printing, which is done from wood 
blocks ; these papers may be known by the presence 
of a white margin at each end of the roll, as well ns 
at each edge ; tin's results from printing each piece 
separately, whereas machine-printed papers are 
printed in immensely long rolls and afterwards cut 
up into lengths, so that the pattern runs out to the 
very end. The colours in machine-printed papers 
are not always so well set as in tho case of those 
printed by hand. 

Pulp papers are the commonest class of pa] tors ; 
in these the paper itself may be a tinted paper and 
the pattern printed in colour, or in better papers 
both tho ground and the pattern arc printed. 

Satin papers have a glazed or polished surface, 
giving an effect satin; this is produced by 
mixing Spanish w-.ite with the colour and then 
thoroughly burnishing the surface. This class of 
paper is somewhat susceptible to damp, and it is 
often desirable to line the walls with lining paper 
before hanging it ; but these papers usually keep a 
clean surface, as dirt does not readily adhere to 
them. 

Flock papers have the patterns printed on a ground 
with an adhesive substance, and upon this shearings 
of wool or silk, very finely divided, are sprinkled, 
and these adhere, forming a raised pattern; the 
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wool flock gives a somewhat cloth-like or velvety 
appearance ; the silk a somewhat glistening effect, 
and striped silk flocks are a good deal used. 

Sanitary papers are printed from copper rollers 
in oil colour mixed with a strong adhesive material ; 
such papers, when hung, may bo washed, which is 
not possible with ordinary papers. 

Ingrain papers , which are not printed, but coloured 
in the manufacture, are prepared in various tints, 
with a slightly mottled surface, and are rather soft 
and porous ; papers are also made to imitate tapestry 
and other textile fabrics. 

Special Wall Coverings. There are 

many other forms of wall hanging now in use, 
which are of a more substantial and permanent 
character than the ordinary wallpaper. They 
are, as a rule, considerably more expensive in 
the first instance, and require special treatment 
in hanging. Some of them aro supplied decorated 
ready for hanging, others can be obtained perfectly 
plain for decorative treatment after fixing. 

Japanese leather papers are thick in Bubstance, 
usually slightly embossed, and decorated in colours 
with which a good deal of metal bronzing or gilding 
is included ; these papers are usually supplied in 
rolls 36 in. wide and 12 yd. long, and in the majority 
the design is rather large in character. 

IAncrustaWalton is a material generally modelled 
solidly in relief, and is produced in a great variety 
of designs suitable for dados, wall surfaces, friezes 
and also for ceilings. It forms an excellent base for 
colour decoration, and some of the designs in high 
relief may bo treated plainly in one colour, a good 
effect being obtained by the contrast of light and 
shade without any picking out. Gorddova and 
cameoid are other forms of material manufactured 
and supplied by the same firm, and are also made 
in both low and high relief ; in the latter form, when 
used for ceilings, they may bo arranged to give the 
effect of plaster panelled ceilings. 

IAgnomur is another material with the design 
formed in relief. It is manufactured of wood fibre, 
and is embossed in hollow relief ; it may be applied 
to walls or ceilings, and afterwards decorated in a 
variety of ways, either in oil colour or distemper, or 
it may be stained and varnished, as if it were a 
natural wood. 

Anaglypla is also moulded in relief, both high 
and low, and is made by pressing pulp or plastic 
paper into moulds. 

TynecasUt canvas is very extensively employed, 
and is also modelled in hollow relief, canvas 
being employed as the basis of this material ; very 
bold relief is possible, and the material lends itself 
to decoration in colour after hanging. 

' Woven Wall Coverings. Woven and 
embroidered fabrics, used as hangings or mounted 
on frames, have long been used for covering 
walls, and come rather under the uphol.stcrcr’s 
department than the paperhanger’s. The draw- 
backs to such materials — their liability to become 
soiled, the difficulty in changing them, and the 
extent to which they may harbour dirt, and even 
vermin — have been serious drawbacks to their 
admirable qualities from the decorative and artistic 
points of view. In recent times, some of these 
materials, the texture of which is admirable, have 
been prepared so that Jthey may be applied to the 
wall by the paperhanger practically in the same 
way as a wallpaper. To render this possible, the 
space between the fibres must be filled, and especially 
the back, so that it may adhere solidly to the wall, 
and not allow the paste to work through to the 


surface ; the material itself must be dyed and fixed 
so that it will not readily fade. 

Burlap , made from jute, is extensively used for 
this class of work ; the fibre is lustrous, and the 
material strong and not very expensive, and admits 
of the surface being treated in colours, which may be 
either printed or stencilled on it. The material can 
also be obtained in very wide widths, so that it is 
possible in many cases to get a material the width of 
which will equal the height of the wall spaoe, and 
which may be run round the walls without many 
joint*; where there aro not many openings or 
recesses to be dealt with, they may be readily cut 
out of the material. This material may be used in 
narrower widths as a dado or frieze in combination 
with papered walls, or as a filling to panels 

Prepared canvas may bo applied in a similar way 
to walls and ceilings, and afterwards decorated in 
either oil or water colour, and either of these 
materials not only forms a suitable decorative 
surface, but prevents the appearance of surface 
cracks, such as frequently arise with ordinary 
plastered ceilings. 

Calculating Paper Required. The 

paperhanger is required to estimate the amount 
of paper required for any particular piece of 
work. The experienced man can tell pretty 
closely without measurement the number of 
pieces required for any particular room, but it 
is easy to ascertain the superficial area of the 
walls of any room, and, bearing in mind the amount 
of paper in a roll, already given, to see exactly how 
many pieces will cover it. But allowance must also 
be made for waste ; this occurs not only in fitting 
papor round door and window ojjenings, fireplace*, 
and recesses, which often accounts for a good deal, 
but there is also often considerable wuste in cutting 
up paper so as to ensure that the pattern shall 
match exactly when two pieces are hung side by 
side. If the pattern is small, so that in height it 
exactly repeats every few inches, this loss will not 
bo great, but if the pattern is large, and only 
repeats once or twice in the height of the wall, it 
may easily happen that a considerable amount may 
have to be wasted for every length cut from the roll. 
It is usual to allow one extra roll for each five to 
eight rolls required exactly to cover the wall, 
the specific allowance depending on the probable 
waste. 

Trimming Paper. Wallpapers are delivered 
in rolls with a margin on each side, which must be 
trimmed off before the paper is hung. The machines 
used for trimming have been described, but the old- 
fashioned method of trimming, by means of a large 
pair of scissors or shears, still prevails. The roll 
of paper is laid on the trimming- board and unrolled, 
trimmed with the shears on one edge, and re-rolled 
during the operation, which is repeated for the 
other edge. 

Preparing the Walls. In the case of new 
walls, the surface should be sized with glue size [see 
Painting, page 5502 J. It is well to point out that in 
the case of most plastered surfaces the lime in tin 1 
plaster is very liable to act on the colours used for 
printing designs on wallpapers, and also on ingrains, 
and destroys them. This action is worse if there 
is any damp, but may occur even with dry plaster, 
and may continue for several months at least after 
the wall is plastered. It is particularly likely to 
affect green and some other delicate tints, and it i* 
desirable, as a rule, not to hang an expensive wall- 
paper on new walls within twelve months of the 
plastering, but to cover them temporarily with a 
tinted lining paper, or to distemper them. 
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> In the case of old walls, it is im- 
portant that the old paper should be 
stripped ; if this is not done, the 
dirt, and possibly disease germs, in 
the old paper will only be covered 
over. Paper may be removed by 
washing it over with hot water, and 
then scraping it off, taking care not 
to damage tho plaster. Paper that 
lias been varnished after hanging is 
often very difficult to remove. A 
coat of hot paste applied to the 
surface will, as a rule, soften it, but 
a special varnish remover may be 
required, and in some cases where the 
paper was porous the varnish pene- 
trates to the plaster, and it is almost 
impossible to remove it without 
destroying the plaster surface. 

A varnished surface does not hold 
either dirt or germs to the extent 
that an unvarnished paper w ill, and 
the surface, if it is left, may be 
cleaned, and the joints rubbed smooth 
with pumice; the surface may be 
prepared by giving it a coat of brown 
sugar mixed with water in the propor- 
tion of 2 lb. of sugar to 1 pail of 
water. 

Repairing Walls. In the case 

of old walls, all nails must be ex- 
tracted and any defects in the 
plaster made good. This is properly 
the work of the plasterer, hut the 
paperhanger may often have to 
execute small repairs. Such repairs 
arc usually executed in plaster of 
Paris, or in plaster mixed with fine 
lime putty [sec Plastering], and euro 
must bo taken to see that the surface 
of tho repair is truly in the same 



piano as the general wall surface.. 

When plaster has been damaged by 
blows, which is liable to occur — as, 
for example, by tho handle of a door 
opened back against it — ordinary 
repairing in plaster is useless. In 
such a ca.se tho plaster may be 
neatly cut out in the form of a 


painters’ and paper hangers’ tools 

1. Grinding stone 2. Muller 3. Paint-pot 4. Stopping knifo 5. Palette 
knifo 6. Strainer 7. Felt rubber 8. Painters’ torch 9. Dusting brushes 
10. Ground brushes 11. Sash tool 12. Varnish brushes 13. Distemper 
brushes 14. Stencil brush 15. Badger softener 16. Gralner’s comb 
17. Graining roller 18. Shears 19. Trimming knifo 20. Cutting wheel 
21. “Twentieth Century” cutter 22. Smoothing brush 23. Smoothing 
roller 24. Seam rollers 25. Side-arm roller 26. Paste brushes 27. Size kettle 


square, and a piece of wood let in, screwed if 
possible to wood plugs let into a brick wall, or to 
the quarters of a partition, but in some eases 
merely to tho laths. In this case, also, caro must 
be taken to see that the surface is uniform with the 
wall, and if sunk a little below it, the extra thick- 
ness may be made up by pasting one or more 
neatly out sheets of paper over it. 

Paperhangers* Paste- Pastes are employed 
by the paperhanger varying in strength with 
the class of material to be used. Tho following 
recipes are given in Rivington’s work, and the best 
white wheat flour should bo used as tho basis of 
them all. 


papers, but alum must not lie used with gilt 
papers, as it turns the metal dark. 

No. 3. Make a batter as in No. 1, but of less con- 
sistency, and to 2 qts. of batter add J oz. of powdered 
resin. Set the mixture over a moderate fire, stirring 
it till it boils and thickens ; allow it to cool, and thin 
it with thin gum arabie water. This is used when 
strong adhesion is required, and i* useful in paper- 
ing over varnished or painted surfaces. 

No. 4 is the same as No. 3, but without the gum 
arabie, and is used for securing the edges of flock 
papers. 

Some special pastes for hanging heavy goods will 
be described later. 


No. 1. Beat up 4 lb. of flour in cold water to a 
stiff batter, getting rid of all lumps ; add enough 
water to bring it to the consistency of pudding 
batter. Pour boiling water over it, stirring rapidly ; 
when the mixture swells and loses the white colour 
of flour it is ready for use. 

No. 2 is made like No. 1, but, just before the 
boiling water is added, 2 oz.- of alum are mixed with 
the batter ; this hardens it and is a good preserva- 
tive. This form of paste may be used for flock 


Hanging Wallpapers. Quite apart from 
tho more mechanical part of hanging there is need 
for a good deal of judgment in the setting out of 
the paper so that it will look well on the wall ; 
it often happens that by shifting the pajier up or 
down a few inches the effect may bo considerably 
improved, or the reverse. It is ve;y important also 
that any well-marked pattern should be properly 
centred in the most prominent feature in any room : 
this is very usually tne chimney front. This careful 
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centring is, if possible, of even moro importance 
in papering ceilings, for the whole expanse is seen 
at once, and if the pattern is not fiet out centrally 
in the room a very bad effect is produced. 

Special care must be taken to see that the first 
strip hung on a wall has the edges truly vertical, 
and a line and plummet may be used to set out 
a vertical line, which may be marked on the wall 
surface with chalk. 

Pasting the Paper. A length is cut off 

from the roll a little longer than the height between 
skirting and cornice, laid face downwards on the 
table, and the back pasted over uniformly and not 
too thickly, working from the centre outwards. 
After pasting, the ends arc folded back towards 
the centre, the edges being kept even ; if the 
strip is too long for the table, one end is first pasted 
and then folded over, then the paper is drawn along 
and the other end pasted and folded. The actual 
hanging requires skill and experience. The upper 
edge is usually cut exactly, and is fitted against the 
cornice mould or picture rail, and the upper half 
of tho paper unfolded, placed in contact with 
the wall, and brushed down with a cloth, brush, 
or roller ; care must be taken not to work the 
paste towards the outer edge or it may be forced 
out in lumps. When one piece is hung it serves 
as a guide to the others, which are added right and 
left. In hanging the last piece there may bo some 
difficulty in matching exactly the patterns at the 
joint, especially if the design is large, and any 
such irregular join should be contrived where it 
will bo as little obtrusive as possible. Where an 
angle occurs it is often found not to bo quite straight, 
and it is best to cut the paper so that a join will 
come close to the angle and not to use a whole 
width. When each strip is hung the bottom edge 
usually overhangs the skirting slightly, and when 
it has been rolled or brushed down close to the 
bottom the lower end is lifted slightly, the point of 
the shears drawn along to mark the exact length, 
and it is then trimmed and afterwards pressed down. 
The narrow rollers are used for the joints. The joints 
are usually formed by butting one piece of paper 
close to the next piece, and where this is done both 
edges must bo trimmed ; in common work one 
selvedge is left on and the edge of the next piece 
pasted over it, but this causes a ridge at the joint. 
Jn arranging ceilings tho paper should be set bo 
that the joints run in the direction of the window, 
or if there are windows on adjoining walls then 
towards the strongest light. Where a good class 
of paper is hung on new walls they are often first 
hung with lining paper and then with the wall- 
paper itself. 

Hanging Special Wall Coverings. 

Where heavy, embossed papers are employed it is 
usual to prepare the wall by hanging strong brown 
paper as a lining. In the case of most kinds of 
special hangings full instructions are issued by the 
makers and these should always be observed. 

Lincrusta Walton , if the weather is cold, should 
be placed in a warm room before it is unrolled. 
Tho edges must be trimmed very carefully, using 
a metal-edged straightedge and a sharp leather- 
cutter’s knife, which is stiffer than a paperhanger’s. 
The paste is used hot and the lengths, after pasting, 
are applied to the wall, and well rubbed with a 
stiff, short hairbrush, or a soft, spherical rubber 
roller. If blisters appear they must be pricked and 
then rubbed down. Tho paste may be ordinary 
paste mixed with half the amount of glue, but the 
following composition is recommended by the 
makers : French plaster of Paris, 4 lb. ; raw linseed 
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oil, 1 pint; these are rubbed together through a 
sieve ; 1 lb. of white glue is well boiled in 1£ gallons 
of water and poured in hot, and the whole left to 
get cool, being stirred to thoroughly mix it. 

Aruiglypia is trimmed with a metal straightedge 
and pasted with ordinary paste ; after about 
fifteen minutes it is again pasted with stiff paste 
containing from £ to J glue, hung at once, and 
pushed homo with a cloth. , 

In hanging Lignomur no glue must be used, but 
the paste should be as stiff as it can be made. 
Tynecastle canvas is treated in the same way as 
Lignomur, but it is not necessary to mix glue with 
the second coat of paste. 

Japanese leather papers are hung with ordinary 
paste, applied to the paper as a first coat, and after 
two or three minutes a second coat is applied 
mixed with a proportion of glue. 

PAINTERS' WORK 

The work of the painter consists in covering 
perishable or common materials with a thin 
material that will protect them from decay, enable 
them better to resist ordinary wear and tear, or 
give to them an improved appearance. 

Painters* Tools. The painter’s tools are 
comparatively few in numl>er. A grinding stone [1J 
is required for grinding colours ; this is usually a 
slab of marble about 2 ft. square ; the mvller [2] 
is about 7 in. long and 4 in. in diameter, and is 
of granite or other very hard material. Where 
paint is required in large quantities it is, however, 
ground in a mill. There are also pots of earthenware 
or tin for holding colours of various sizes, a pallet 
to hold small quantities of colour for use in letter 
writing and small decorative work, and a mahlstick , 
used as a rest for the hand in letter writing and 
small decorative work. 

The stopping knife [4] is one with a stiff blade set 
in a wooden handle. From the handle the blade 
broadens outwards, the back is straight till the 
broadest point is reached, and the end is rather 
sharply pointed ; the lower edge is without a sharp 
angle, but is slightly rounded so as to form the point. 
This tool is used for stopping surfaces that are to 
be painted — tint, is, filling in any small holes with 
putty or other special stopping. 

The palette knife [5J is one with a long, broad, 
flexible blade, parallel sided, and with a rounded 
end fixed in a wood handle. It is made in several 
sizes and is used for mixing paints. 

The painter s can [3] is a circular metal case with 
a flat bottom and a movable handle of iron, by 
which it is carried ; it is used for mixing paints and 
for containing them during use. 

A strainer is used for straining paint after it 
has been mixed, and, before use, to rid it of all 
irregularities and lumps. Strainers are of various 
forms ; the simplest resembles an ordinary colander 
but with a flat bottom, which is perforated with 
very fine holes, through which the paint is passed, 
a stick or brush being employed to work it about 
and assist it through. Another form [6] has a hinged 
bottom perforated with largo holes, and over these 
a piece of muslin or cheesecloth is strained, and 
this material, if it becomes clogged with particles 
of paint, can be renewed at any time. 

The felt rvbber [7] is a flat tool formed at the back 
into a handle and covered with felt, and is specially 
used for rubbing down varnished work. 

The painter's torch [8] is a small lamp, producing 
a strong flame with a forced draught, which is used 
for burning off paint, and can be held in the hand 
and moved over the surface of the paint to be 



BUILDING 


removed ; where gas is available a burner on tho 

S rinciple of a Bunsen burner, producing a flat 
ume, may be used for the purposo. 

Brushes are the most important tools the painter 
uses, and with these the material is actually applied 
to the surface to bo covered ; they are made in 
various sizes and forms, depending on the nature 
of the material to be employed and the method of 
using it. Good brushes, if proterly cared for, 
will last a long while, and it is desirable they should 
be of good quality and made by a firm of standing. 

Dusting brushes [ 9 ], both round and flat, are 
required to prepare work for painting ; like other 
brushes these are provided with wooden handles, 
are of different sizes, and are kept dry for dusting 
only. 

Brushes for applying paint differ much in size 
and form, each class of brush being made in a series 
of sizes, which are regularly numbered. 

Ground brushes f 10 J are fairly largo brushes em- 
ployed for large, plain surfaces and are made round 
or oval in form ; they are formed of hogs’ bi is ties and 
tire well bound round at the base with twine to keep 
the bristles compact, or have patent metal ferrules. 

The sash tool [11] is a smaller class of brush, used 
for painting mouldings, sash bars, and similar work. 
These arc also made in different forms, but an oval- 
shaped brush is very generally used. 

Varnish brushes [12 1 are either round brushes 
brought to a broad thin edge or are broad brushes 
mounted in a metal frame. 

Distemper brushes [13] are large brushes used for 
w hitewashing and distempering ; they are termed 
one-knot or two-knot , according to the manner in 
which they are made up: and fiat brassbound 
brushes are also employed for this work. 

Stencil Itrushcs [ 14 ] are used for stencilling designs 
in distemper, and are short metal- bound brushes. 

A badger softener [15] is a brush used in graining 
work to give a woody appearance to tho work. 

Care of Brushes, It is important that 
brushes, if they are to bo kept in good working order, 
should not become caked with paint. It is not 
necessary to clean brushes after a day’s use if they 
are to be used again within a day or two, but they 
should bo sus]K*nded in raw linseed oil or in water 
to keep them moist, and so that the points do not 
touch the bottom of the vessel ; for if the bristles 
rest on the bottom they are apt to be bent. 

The oil or water can readily be scpieezed out of 
the brush by drawing it firmly across the edge of a 
piece of board when the brush is required for use. 
If brushes are to be out of use for some time, they 
must he thoroughly cleaned in turpentine or with 
soap and hot water, dried, and afterwards wrapped 
in clean paper and put awuy in a dry. cool cupboard. 

Grainers f combs [161 are required for work to bo 
grained, and these are made in various degrees of 
fineness. 

Graining rollers [17 J are employed for some kinds 
of graining. The colour is supplied by a brush to a 
series of discs on the roller, which are notched at 
intervals, and produce dark broken lines in the 
work, or the roller may have the pattern of the 
grain incised on its surface. 

Pumice-stone is used for rubbing down work before 
applying fresh coats of paint, and fine glasspaper is 
used in a similar manner. 

Paint-spraying machines consist of a pumping 
apparatus attached to a hose fitted with a per- 
forated nozzle ; they are chiefly used for distemper, 
lime white, etc., and. the material is sprayed on to the 
surface very rapidly and evenly, and reaches all 
creviced or irregularities. 


Painters* Materials. Tho materials used by 
tho painter are either opaque, so that they entirely 
cover and conceal the real surface of the material, 
or they are transparent or semi-transparent, allow' - 
ing the natural surface to be visible. 

Of opaque materials, those in most general use 
are termed paints, and when mixed ready for use are 
usually made up of vehicles (w'hich are liquid sub- 
stances holding other matters in suspension, and 
permitting of their even distribution over the sur- 
face), driers , which aro oxidising substances 
enabling the vehicles to dry rapidly, and pigments. 
or colouring materials. Pigments aro finely 
powdered, and held in suspension by the vehicles. 

Vehicles are of different kinds. For w r ater-paints, 
ordinary water is used, and this class of vehicle i& 
employed not only for water-colour drawings, but 
for whitewash and distemper. For most painted 
work, however, the vehicle is either a fatty or fixed 
oil — that is, one that cannot be distilled, or a volatile 
oil that may be distilled; and not uncommonly both 
these classes of oil aro employed in mixing paint 
for uso. 

Oils. Linseed oil is the most usual of the fixed 
oils, and is obtained by crushing the seeds of the flax 
plant. In common with other fixed oils, it does not 
dry byevaporationbutby the absorption of oxygen, 
and during tho process attains great toughness and 
flexibility. When applied to wood surfaces, it sinks 
into tho pores of the wood, and hardens, forming 
a protection from the weather. 

Raw linseed oil is the oil in its natural state. In 
this condition it is of a bright amber colour, and 
dries somewhat slowly. If spread in a film on a non- 
absorbent material it takes from two to three day* 
to dry ; the bright colour makes it unsuitable for 
mixing with delicate shades, and if it is to be used 
for such w'ork it may bo clarified with oil of vitriol, 
which must, however, be afterwards washed out. 
The material improves in quality and colour by 
keeping for some years, and should not be used until 
it has been kept for six months at least ; it is gener- 
ally employed for most internal work in which 
linseed oil is the vehicle and for grinding up 
colours. 

Boiled linseed oil absorbs oxygen more rapidly 
than the raw' oil. The process of boiling consists in 
heating the oil (which does not actually boil) to 
about 200 3 F., and then adding to each gallon of 
oil about 1 lb. of red lead and 1 11). of litharge, and 
raising it to a temperature of 400 1 F., which is main- 
tained for two or three hours. If a dark -colon ml 
oil is required, umber may be added also during the 
boiling process. The oil, after boiling, is drawn oil 
and allowed to settle, and is then bright and clear, 
but darker than the raw oil. 

If tho oil is to bo mixed with zinc-whito na a 
pigment and not white lead, the oxides of lead 
should not be used in the boiling process, but about 
5 per cent, by w'eight of powdered peroxido of 
manganeso is substituted, and the oil is afterward;: 
filtered. The drying and the colour of raw ml may Ik 
improved by adding about 1 lb. of W'hite lead to 
every gallon of oil, and allowing it to settle for at 
least a week” (“Builders’ Work” — Seddon). 

Tho boiled oil dries more quickly than the raw 
oil ; if spread on a non-absorbent material it 
should bo quite dry in from twelve to twrcnty-fcur 
hours. It is particularly well suited to external work, 
when rapid drying is of great importance, and in 
w'hich tints of a delicate nature aro rarely called for. 

Poppy oil is extracted from tho seeds of the com- 
mon poppy ; it is inferior to linseed oil in both 
tenacity and in its drying qualities, but is verj 
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nearly colourless, and is therefore sometimes em- 
ployed for mixing with delicate tints in internal 
work. 

Nut oils are usually extracted from walnuts, 
and are cheap, but not durable, and are suited' 
only for internal work of a temporary character. 

Turpentine. Oil of turpentine , also known 
as spirits of turpentine , abbreviated commonly 
into turps , is a volatile oil obtained by distilling 
turpentine — a resinous exudation from certain 
trees which contain resin and oil of turpen- 
tine. This oil has a strong odour, and when 
exposed to the air absorbs oxygen, and is con- 
verted into a substance resembling resin. It is 
used as a solvent for gum resins, and also for mixing 
paints in combination with linseed oil, or by itself 
when a Hatting coat is required — that is, one without 
a glossy surface. When spread on a noil-porous 
surface it should dry in twenty-four hours, leaving 
a hard varnish on the surface. 

Strasbourg turpentine is produced from the silver 
fir, Venice turpentine from the larch, and common 
turpentine from the Carolina pine. 

Driers. Driers are mixed with paints to assist 
the drying of the vehicles when this is necessary. The 
drying of linseed oil is produced by the absorption of 
oxygen as already mentioned, and the driers which 
are usually employed are materials rich in oxygen, 
and readily yielding up the oxygen to the oil, 
thus hastening the process. The action of some of 
the pigments to be hereafter described is to retard 
the drying process, and driers are specially valuable 
when such pigments must be used in mixing paints, 
otherwise the paint would continue for a long time 
in a semi-dry condition, known as tacky. During this 
time it is slightly sticky, or adhesive, if touched. 

The most usual driers for use with light tints 
are acetate or sugar of lead and sulphate of zinc ; 
litharge , or oxide of lead, which is produced during 
the extraction of lead from its ores, is very commonly 
used for all darker tints. For use with lakes, japan - 
ners' gold size is used, which consists of oil boiled in 
litharge. For use with zinc-white, sulphate of man- 
ganese is an efficient drier, a very small quantity 
sufficing; but care must be taken in mixing it or the 
paint may be spotted. Another drier used with zinc- 
white is that made by adding about 10 per cent, by 
weight of a mixture formed of boiled linseed oil 
(20 parts) and peroxide of manganese (1 part). It 
is important to select a drier suited to the pigment 
to be used, and to observe the following points, 
which are taken from Seddon’s “ Builders' Work.” 

1. Do not use them with pigments that dry well 
in oil colour. 

2. Do not employ them to excess, which would 
retard the drying. 

3. Do not add them to the colour till just before 
it is used. 

4. Do not use more than one drier with the same 
colour. 

5. Avoid the use of patent driers. 

The result of using driers in excess may be the 
drying of the surface with abnormal rapidity, so 
that a thin skin is formed which, at a later 
time, may become softened by the action of 
the undried paint behind it, and remain tacky for 
a long time. Patent driers arc in the form of 
paste, and are slightly more economical than the 
ordinary liquid driers, but vary much in quality 
and in their effect on the paint. 

Pigments. Pigments are the solid matters 
introduced into paints to give body— that is, 
solidity — substance, and opacity to the paint, and 
also to give to it artv desired tint or colour. They 


are in most cases earthy or metallic carbonates 
and oxides, and are very finely ground ; they are 
sold in a dry form as powder, and also ground 
up in oil. They may be divided into two main 
classes— namely, bases , which, are used to produce 
body and opacity, and colouring pigments , which 
are used to produce various tints and colours, 
especially in the finishing coats. 

Bases. White lead- is prepared by various pro- 
cessor The Dutch process produces the best, and 
consists in placing gratings of pure lead in tan. The 
fumes of acetic acid are allowed to act on these, 
which become corroded and covered with a crust 
of carbonate of lead, which iB commonly known as 
white lead ; this is removed and ground and 
forms a heavy powder, which becomes grey if 
exposed to the air. The substance may also be 
prepared by passing carbonic acid through solutions 
of various salts of lead, but the material thus pre- 
cipitated has no density, and absorbs more oil than 
that produced by the other process. 

White lead is the most usual base for oil paint 
and has a very high covering capacity. It is, 
however, injurious to those who uso it, and is very 
liable to be discoloured by many chemical gases, 
such as sulphuretted hydrogen. It should be old 
and not freshly made, or the paint soon loses its 
whiteness, but it must be protected from the air 
till use. It is extremely liable to adulteration, and 
can be relied on as pure only if obtained from the 
manufacturer as genuine dry white lead , either in 
lump or in powder. The materials used for adul- 
teration are sulphate of baryta (which is similar in 
appearance but heavier than white lead) and 
whiting, which is lighter. White lead, if pure, should 
weigh about 400 lb. per cubic foot, nnd if either 
adulterant is used singly adulteration is detected 
by the variation in weight, but if the two are 
combined the weight may be accurately adjusted, 
and only a chemical test will reveal the adultera- 
tion. 

White lead is often sold mixed with sulphate of 
baryta, which does not cover so well when mixed 
with oil, and when the two are mixed in equal 
proportions the material is termed Venice white , while 
Hamburg white has 1 part of lead to 2 of baryta, and 
Dutch white has 1 part of lead to 3 of baryta. 

Red lead is produced by raising massicot , or oxide 
of lead, to a high temperature, during which process 
it absorbs oxygen and becomes converted into red 
lead, also known as minium . This material is 
durable if used puie and alone and not exposed to 
the action of acids or impure air. It is obtainable 
in the form of a powder and is sometimes adul- 
terated with brickdust. Red lead is sometimes 
used as a drier, and it is used mixed with white 
lead and oil for the first coat of paint, termed 
priming , in joinery, and for the first two coats 
on ironwork. 

Antimony vermilion, a sulphide of antimony, is 
sometimes used in pluce of red lead ; it is obtained 
in a fine powder and is of a brilliant colour when 
ground in oil, and is not affected like red lead by 
impure air or acids. 

Zinc oxide is frequently used as a base for paints ; 
it is not poisonous like white lead, and is not liable 
to be discoloured by chemical fumes. When 
ground in oil it requires much more oil than white 
lead, and will require less to thin it. If it is used 
to give a white finish it should be mixed with refined 
linseed oil to secure a perfectly white surface, but 
this is not necessary with darker tints. 

Colouring Pigments. The colouring pig- 
ments are much more numerous than the bases; 
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lists of the most usual pigments may bo consulted 
in Seddon’s “ Builders 4 Work, 4 ’ under Painter, or in 
Kivington's “ Notes,” Vol. III. — Materials. These 
lists supply information not only as to the 
colour of the various pigments, but as to their 
nature and properties, and form a good guide as 
to those which may safely be used under varying 
conditions, and as to others which cannot be relied 
upon as permanent, especially if subjected to certain 
influences. 

Mixing Paints. The proportions of the differ- 
ent ingredients required in mixing up paints for 
use necessarily vary under changing circumstances, 
and in particular with the nature of the material 
to which they are to be applied. Iron, wood, and 
plaster, for example, will require the paint that is 
to be applied to them, and in particular the first 
two coats, to be differently prepared, the more 
absorbent material requiring the use of a higher 
roportion of oil. The colour effect required to 
e produced necessarily affects the selection and 
the amount of colouring pigment to be added ; 
where very delicate light tints are to be used this 
may affect the selection of the class of oil to be 
employed. The question of whether the paint is 
to be used for internal or external work has an 
important bearing on the question ; in the latter 
case boiled oil iR generally selected, on account of 
its superior weathering qualities. Turps is in- 
cluded in most paints as a thinner, its object being 
to reduce the consistency of the paint at the time 
it is applied, but it eventually evaporates and does 
not form a permanent ingredient. 

Variation in Successive Coats, in 
painting any piece of work the ingredients will vary 
in successive coats. On any porous substance the 
first coat in particular must have a liberal supply 
of oil, which tends to sink into the pores of the 
material and dry there. Subsequent coats will 
require a certain amount of turps to make them 
work freely, and in painting on old work the first 
new coat is always mixed with a liberal amount of 
turps, which makes it adhere to the older work. 
The colouring pigments are usually mixed in with 
the two final coats, the last one of all being relied 
upon to produce the exact tint required, though 
the one immediately before has an important in- 
fluence often on the final appearance. 

Apart from any other consideration, the know- 
ledge and skill of tin individual painter always is an 
element in the mixing of paints ; these have to be 
acquired by experiment and practice, whHi, when 
attained, are better than any hard and fast rules as 
to the proportions of ingredients. 

Method of Mixing Lead Paints. If 
the pigment is in the form of powder it is ground up 
with raw linseed oil with the muller on the grind- 
stone, and is reduced to the consistency of a thick 
paste, but in many cases it is purchased in this 
condition ; if only a small quantity is required, as 
in the case of a colouring pigment, the paste is 
worked up by means of a palette knife on a slab, 
with the addition of a little oil and turps ; but when 
a considerable amount is to be mixed, a painter’s 
pot is used. The pot is first rinsed round with a 
little oil to prevent tne white lead adhering, and then 
the latter is placed in it, and oil and turps added 
by degrees, and the lead well worked round with a 
stick, which may be shaped something like an oar, 
till the lumps are all reduced and the consistency of 
the whole is smooth and uniform, the palette knife 
being used in this operation. 

If the' paint is to be coloured, the colouring pig- 
ment, also ground in oil, may be added to the white 


lead and worked up with it if the exact proportion 
required is known ; but it is usually better to thin 
it, and work it up separately, and add it to the 
white paint in the pot a little at a time till the exact* 
tint or tone required" is arrived at. 

Adding Driers and Straining. The 
driers are added to the paint at this stage, and here 
again exact proportions cannot be given, as these 
vary with the nature of the drier and other circum- 
stances ; but the proportion is always small, and if 
a good drier is used, about 2 per cent, by weight 
should Ruflice. The rules as to the use of driers 
already given must be borne in mind, and in the 
case of a priming coat to which red lead is added, 
any other drier may often be omitted. 

Straining the Paint. The last process 
in the way of preparation consists in carefully 
straining the paint. If this is not done, small 
specks and impurities are likely to be left in it, 
and good work will be impossible. In some cases 
it is useful to strain the paint two or three times. 
The strainer already described is made use of, the 
paint is poured into it, and allowed to drain out 
into a clean paint-pot, and it may be stirred with 
a stick or brush or palette knife to help its passage 
through the sieve, which must bo carefully cleaned 
after the operation so as to be ready for future 
use. 

Seddon’s “Builders' Work” gives the following 
table of the approximate quantities of materials 
required for painting four-coat work to finish white 
and the superficial area covered by each. 

Priming Coat. 10 lb. genuine white lead, 

1 oz. red lead, 2 oz. litharge ; or 1£ oz. litharge, 

4 oz. burnt white vitriol, and 4 pints raw linseed 
oil. Will cover about (1*1 yd., varying with the 
absorbent properties of the surface. 

Skgond Coat. 10 lb. genuine white lead, 

2 oz. litharge, 2£ pints raw linseed oil, and 
14 pints turps. Will cover 100 super, yards. 

Third and Fourth Coats. 10 lb. genuine 
white lead, 2 oz. litharge; or 14 oz. litharge, £ oz. 
burnt white vitriol, 2 pints raw linseed oil, and 
2 pints turps. Will cover 113 super, yards. 

Flatting Coat. 10 lb. genuine white lead and 
4 pints turps. Will cover 150 superficial yards. To 
give a very pure white, | oz. ultramarine may bo 
mixed with the last coat, and for coloured paint 
1 to 2 oz. of colouring pigment with each of the 
last two coats. 

Special Forms of Paint. A large number 
of specially -prepared paints are now manufactured 
by different firms, and supplied ready for use, or 
requiring merely the addition of some thinning 
material in accordance with instructions issued by 
the manufacturers. It is impossible to describe 
or even give a full list of sueli paints, but many of 
them are designed for work in special situations, 
and they include various forms of enamel paints. 
In all cases it is necessary carefully to follow the 
instructions issued by the makers, and in most cases 
several colours can be obtained in most of the 
different brands. 

Applying Paint. The paint is transferred 
from the pot and applied to the surface by means 
of paint-brushes. For plain surfaces a ground 
brum of suitable size is dipped into the paint, 
taking up a moderate amount, and any superfluous 
paint is wiped off against the sides of the pot. 
The brush is held at right angles to the face of the 
work, so that the ends of the hairs force the paint 
well into the pores, and the brush must be applied 
vigorously. Work is usually begun at the top, 
and brought down, and in painting panelled 
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work, such as doors, the frames are usually first 
dealt with, then the panels. When paint is applied 
to the edges of any object, such as a door, in order 
to avoid an excess of paint at such points the brush 
is drawn a little away from the edges in working. 
Mouldings are particularly liable to collect excess 
of paint, and for such work it is used somewhat 
sparingly. When two or more colours have to 
be used it is necessary to take care that the edges 
of the colour lust applied are very carefully cut in 
a true straight line to avoid irregularities ; so also 
where painted work has to be finished against some 
other substance, as, for example, when sash-bars 
in a window are painted it is a sign of poor workman- 
ship if the glass itself is smeared with paint whero 
it adjoins the bars. 

Preparing Surfaces. Before applying 
paint to any surface it- is necessary to see that it 
is perfectly dean and free from grease, otherwise 
the paint will not adhere. It is desirable in the 
case of woodwork that the wood should be dry, for 
any moisture will be imprisoned by the coat of paint, 
and will not be able to dry out later. In the case 
of resinous woods any knots showing on a surface 
to be painted must be dealt with, or they will be 
liable to exude turpentine, and damage the work, 
and this process is described as knotting. Knots 
may be killed by painting with hot lime, and, when 
this is dry, ironing them with a hot iron and finally 
rubbing them smooth with pumice-stone : or the 
lime may be scraped off after twenty- four hours, and 
the knots painted with a mixture of red and white 
lead and linseed oil ; and when this is dry the 
pumice-stone must be applied. It is a quicker 
and more usual process to cover the knots with a 
material termed knotting. This is usually 'patent 
knotting , a mixture of shellac and naphtha, which 
dries in a few minutes, leaving a protecting skin. 
Bed lead knotting is also used, and is made by grind- 
ing red lead in water and mixing it with strong glue. 
This is applied hot, and dries in a few minutes. 
If, in spite of such treatment, knots still show 
through after the third coat is applied, they may 
be covered with gold or silver leaf, fixed on with size. 

Priming. Priming is the first coat of paint 
applied. For woodwork it is usually formed of white 
and red lead mixed with raw linseed oil. A little 
litharge ground in turps may be added as a drier. 
This coat is intended to sink well into the pores 
of the wood and to fill them up, while at the same 
time the red lead hardens and forms a surface for 
the succeeding coat. 

Clearcvlle. is sometimes used, but does not enter 
the pores, and may peel off ; it should only be 
used for internal work, and then only if the surface 
has become greasy or dirty, and will not take the 
ordinary priming. 

Stopping. Stopping is done with putty , which 
should be made from dry whiting kneaded up with 
raw linseed oil, and with the addition of a little 
white lead. If is applied with the stopping-knife 
to fill any holes in the wood. The stopping hardens 
in the holes, and forms an even surface for painting. 
In the case of coloured woods to bo varnished or 
polished the stopping may be tinted to match 
the wood. Stopping shoula be done after priming, 
or the oil in the stopping will be sucked out of it 
by the wood. 

Subsequent Coats. If the work Is to be 
finished white or a light tint, all subsequent coats 
must be kept light, or they will not be fully 
covered by the final coat; but if the finish is to 
be dark the earlier coats may also bo dark, and are 
usually of a different tint to the final coats. The 
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reason for this is that if all the coats were of the 
same colour parts of the work might be easily 
overlooked in applying one of the coats. 

The priming coat is well rubbed down with sand- 
paper, glasspaper, or pumice-stone before the next 
coat is applied, and each subsequent coat, wh?n it 
is dry, is examined, and any irregularities rubbed 
down. 

Flatting. When it is desired entirely to 
avoid a glossy surface in the finishing coat— and 
this is often a desideratum — the previous coat is 
mixed with a larger proportion of oil than it would 
ordinarily have, and the final coat is mixed with 
turps only. It should be applied before the previous 
coat is quite hard, and dries without any gloss. 
Such a coat will not stand washing like a coat mixed 
with oil, and to overcome this a little size or raw 
oil that has been bleached is added, and this is 
termed bastard flatting. 

Graining and Varnishing. This method 
of finishing paint is much less used than formerly. 
It is more expensive to execute, but, if well done, 
it will wear for many years if carefully treated 
and given a coat of varnish from time to time. 
The reason for its disuse is mainly an Aesthetic one — 
namely, that it is confessedly a sham, and that it is 
more artistic to treat work that is covered with 
paint frankly as a painted surface, and not to 
attempt to make it resemble a costly wood. This 
method, however, for office work and for the offices 
of good houses, is so durable and useful that it is 
never likely to be abandoned entirely. For work 
that is to be grained the priming and two cr three* 
colouring coats are laid on as usual, and the ground 
is then prepared of the genera 1 colour of the wood 
to he imitated, and this is allowed to dry. The 
painter then mixes in a palette colours similar 
to the darker grains of the wood, and these are laid 
over the ground, and, while still wet, painters* combs 
[16 1 are drawn over it to givo the effect of graining. 
For fine work camel-hair pencils may be used, and the 
effect of knots is produced by using sponges or pieces 
of cloth. 'Phis work requires considerable skill 
and practice if the graining of highly ornament il 
woods, such as maple and walnut, is to be faith- 
fully represented, but a common class of graining can 
be executed without much difficulty. 

Overgraining consists of applying a thin extra 
coat of raw umber or vandyte brown, mixed with 
small beer, over the ordinary graining. This is 
applied with a large flat brush with a wavy motion, 
and is intended to represent the effect of silver grain. 

The varnish is applied after the graining is dry, 
and should consist of two coats of copal varnsh 

Painting Iron. The surfaco of the iron must 
be clean and free from rust, and it is often usual 
to paint iron with one coat directly it leaves the 
forge or cast. It is customary to employ red lead 
or an oxide of iron paint. Ironwork should have 
another coat of paint before fixing, and, where 
exposed, a total of four coats. In painting rain-water 
gutters and heads, both the inside and the outside 
must 6e painted. In the case of ironwork that lias 
been dipped in Dr. Angus Smith’s solution, a coat 
of knotting is required before painting. 

Repainting Old Work. Old work requires 
'to be thoroughly cleaned before repainting; it 
must be well washed with soap ana water, and 
afterwards rinsed with clean water, And rubbed 
down with pumice. The first coat of new paint 
should be mixed with a liberal supply of turps 
If the old paint is worn in places so as to expose 
the joinery, it must have additional coats of paint 
over such parts; these are first executed an f l 
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allowed to dry, and the final coats carried over the 
whole uniformly. Where joinery has been repaired 
with new woodwork, this must be treated as now 
joinery — primed, stopped, and two coats of paint 
applied. This is described as bringing forward , 
ana the final coats are taken over old ind new work 
alike. If old paint has perished or become blistered 
so that it is impossible to make a good job by 
painting over it, it must be removed ; on iron this is 
done by scraping, and on woodwork by burning off, 
a jet of gas or the painter’s torch being used against 
the paint, which is thus softened and easily scraped 
off. A solution of equal parts of soda and quick- 
lime may also be used ; the soda is dissolved in water, 
the lime added, and used hot with a brush, after 
which the paint can be washed off with hot water. 
If this is used the wood should be washed over with 
vinegar before repainting to kill the lime. 

Varnish. Varnish is a transparent material 
which may be applied to natural surfaces or to 
surfaces already painted. Varnishes arc solutions of 
resins or gums dissolved in spirits or in oil. Resin 
is the residue obtained by distilling turpentine. 
There are several varieties of resins, and some of 
them are termed gum t. These are exudations from 
trees, and are, when first produced, mixed with some 
essential oil, which, evaporating, leaves a hard 
substance. 

The principal resins In use for varnishes are ns 
follow. Amber, obtained from Prussia, very hard and 
durable, but difficult to dissolve, expensive, and a 
slow drier. Copal , obtained from the East and West 
Indies and America, may be obtained in three differen t 
qualities, depending on the colour, the lightest being 
very pale, and used for high-class work. Mastic is 
a resinous gum obtained from the countries border- 
ing on the Mediterranean. Gum Dammar is ob- 
tained from the kawrio pine, is rather soft, and almost 
colourless. Lac is a resinous substance obtained 
f~y m the East Indies; from the natural substance 
shellac is manufactured, which is very pure, and is 
used in making lacquers. Sandarach is a somewhat 
similar substance, obtained from the juniper. 
Common resin is either brown, which is formed by 
distilling the turpentine of spruce fir in water, or 
white, which is distilled from Bordeaux turpentine. 

The advents (which correspond to the vehicles in 
paint) are boiling linseed oil used with the hardest 
resins and gums. Varnishes made with oil are the 
hardest and most durable, but take longer to dry ; 
they are used for superior work, and should be 
employed for external work. Turpentine is used with 
softer gum such as mastic, dammar, and common 
resin. These varnishes are less costly, and dry 
quickly, but are not so durable as oil varnishes. 

Methylated spirit is used with lac and sandarach. 
These spirit varnishes are known as lacquers , dry 
quickly, and become hard and brilliant, but arc apt 
to crack and peel, and are used mostly for cabinet 
work not exposed to weather. 

Water is used hot with lac and with as much 
ammonia, borax, potash or soda as will dissolve the 
lac. This is inferior to the other varnishes. Driers 
are used with varnishes, and accelerate the drying, 
but if used in large proportions injure the durability. 
The usual driers are litharge , sugar of lead , or white 
copperas. 

Work of a porous nature such as wallpaper or wood 
must be sized before varnishing, and no second coat 
of varnish should be applied till the coat below is 
thoroughly hard, or the drying of the lower coat 
will be stopped. 

Staining. Stains are applied to light-coloured 
woods that are to be varnished. In some cases the 


colouring matter is mixed with the varnish, but it is 
usual to stain the wood with a liquid water-stain, 
then to size twice, and in good work to varnish the 
surface twice. In the case of floors, the margins of 
which arc often so treated, the varnish is very apt 
to wear, and instead of varnishing, the work may be 
wax polished. The polishing is done with beeswax 
shredded, mixed with turpentine, and gently 
heated; the wax is applied with a rag and then 
vigorously rubbed with a cloth or, if a large area is 
dealt with, by a floor polisher. This work must be 
kept in good order by rubbing over about once a 
week, and maintains a better surface than varnished 
work, but demands more attention. The stains aro 
supplied in various coloui‘9, to imitate different 
classes of wood, such as rosewood, walnut, oak, 
mahogany, etc., and also in other colours, such as 
green ; they may be obtained in a liquid state 
ready for use, or in powder, which is dissolved in 
hot water for use ; it is laid on with a brush or sponge 
in one or two coats, according to the colour required, 
and allowed to dry before sizing. 

Applying Varnish. Care and judgment 
are required in varnishing ; the material is sensitive 
to atmospheric effects and should not be applied 
when there is much humidity in the atmosphere ; 
newly varnished work must be protected from cold 
draughts. The varnish, until used, must be stored 
in a warm place and not become chilled : varnish 
should not be mixed with any other kind of var- 
nish nor thinned with oil. The varnish is applied 
with a varnish brush, and is usually applied across 
the work and finished by stroking the work down 
with tho brush in a vertical direction to make it 
flow and obliterate brush marks. Care must be 
taken not to apply too much varnish, especially 
at the angles, or it will run and form tears. 

Whitewashing. This term is nroperly 
applied to the whitening of internal walls and ceilings 
with a mixture of whiting and water mixed with 
size, but is also sometimes used for the covering of 
walls with a mixture of lime and water, which is more 
properly described as lime-washing. Lime- white and 
common distemper are often applied by the plasterer, 
but will be described here. Lime-white is made 
from pure chalk lime mixed with water. Factories 
and other buildings are required to be lime- 
whitened at regular intervals, and the material for 
this purpose should be applied hot. The lime is first 
slaked, and, when slaking is complete enough, hot 
wc.ter is added to dissolve the lime; 1 lb. of pure 
tallow may be added to each bushel of lime or 4 lb. 
of sulphate of zinc and 2 lb. of common salt. Lime- 
whiting is also applied to tho walls of cellars and 
similar offices. It is cheap, but will not withstand 
wet, and is liable to rub off, but is serviceable when it 
is desirable to renew a coat at short intervals of 
time. 

Whitewash is made with whiting, which is white chalk 
finely powdered, and is sold in the form of balls. The 
balls are roughly broken, soaked in water, and stirred 
and broken up with a stick, or by hand, and left just 
covered with water for about six hours ; afterwards 
double size in tho proportion of 1 quart of double size 
to fi lb. of whiting is added and tho mixture left to 
st md in a cool place till it becomes a jelly; then it is 
diluted and used. One pound of jelly will cover 
about six superficial yards. 

Size. Size is liquid glue prepared by boiling down 
tho horns and sinews of animals ; double size is the 
same material, but boiled down to about half the 
bu'k, and is therefore stronger ; both these forms 
require soaking before use. Patent size is a 
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preparation of golatine, and can be used without 
soaking. 

GkarcoUe is a coat of size mixed with water, which 
is laid over plaster walls and ceilings before whiting 
or distemper. 

In mixing whiting for ceiling work some colour 
is mixed with it to counteract the yellow effect of 
pure whiting. This is termed breaking down — a little 
ultramarine or indigo, or sometimes black, if a dead 
white is required, but with tinted walls a warmer 
tone may be preferred for the ceiling, and a cream 
colour may bo formed by adding ochre. 

Distemper is formed of whiting and size with the 
addition of colouring material to produce any 
desired tint; the pigments are the same as used 
for oil paints, and are mixed with the whiting Indore 
the size is added. All distem pers appear much darker 
when wot than dry. The real tint of any colour as 
mixed should bo judged by applying some of it to a 
piece of white paper, and drying it artificially. 

Washable distempers are specially prepared and 
sold in the form of paste ; they require diluting with 
water before use, and must be mixed in accord- 
ance with the instructions given by the manu- 
facturers. They mav ho obtained in a great 
variety of tints and colours, and form a good solid 
surface, which will stand washing. 

Applying Whitewash or Distemper. 

This is done with a large brush [13J with a long 
wooden handle. The brush is dipped well into the 
pail of whitewash, and any superfluous material 
squeezed off against the edge ; the brush is then 
applied smoothly and evenly to the work. The 
distemper should be stirred from time to time with 
a stick, and work should not be gone over twice. 

Stencilling. Very good effects may be pro- 
duced by stencilling a design on a plain coloured 
surface to form a border or line or to cover the sur- 
face generally. The pattern is cut out of a thin plate 
which is also provided with guides to indicate 
exactly the position it must occupy when shifted. 
Stencils may be comparatively simple or elaborate. 
Sufficient substance must be left in cutting the Pencil * 
to keep all parts of it connected together, and these 
ties should form an clement in a good design. The 
stencil is placed against the finished surface of the 
wall, and a stencil brush [14 J is dipped into the 
colour, which is darker than the ground, and is 
dabbed gently and evenly over tho whole stencil. 
It must bo held at right angles to the surface or 
the colour may run under the stencil plate and spoil 
the design. A design thus produced forms an excel- 
lent frieze to a plain distempered wall. 

Tar and Pitch. Tar is obtained by tho 
slow combustion of resinous woods, and such tar 
is known as Stockholm tar , as it was formerly almost 
exclusively imported from Sweden ; it is" thinrer 
than coal-tar and of a rich brown colour, and pen 
trates well into the pores of tho wood. 

Coal-tar is a by-product of gas-making, and is 
formed by the distillation of coal ; it is quite black 
in appearance and thick. 

Pitch is the solid residue obtained by distilling tar; 
the process varies somewhat according to the nature 
of the wood from which it is obtained. Pitch may 
bo added to coal-tar in the proportion of from 1 to 
21b. to each gallon of tar. The object is to prevent the 
tar from running under hot sunshine, and, if used 
pure, it is apt to do so ; a little lime is sometimes 
added with the same objeot. Pitch may also be 
added to Stockholm tar, but will destroy tho 
bright, clear oolour and make it nearly black, 
which is a serious objection if used for ornamental 
timbering in half-timbered gables and similar situa- 
v 5336 


tions. Tar is applied hot, with a long-handled brush, 
and is principally used for timber work, especially 
fences and out-buildings much exposed to the 
weather, but is sometimes applied to exposed walls 
to render them waterproof. 

Tar is also applied sometimes to rough ironwork, 
and forms a durable covering. Two coats should be 
used, and a little lime or sand may be mixed with 
it, and worked on with a hard brush. 

Tar paint is used for some iron structures, such as 
bridges ; the best mixture is said to be £ lb. sulphate 
of lime, 1 gallon coal-tar, and sufficient naphtha to 
make it work freely. 

GLAZING 

The work of the glazier consists In cutting glass 
to fit openings of various sizes and shapes and in 
fixing it into frames of wood or iron, and sometimes 
into openings of brick, stone, or terra-cotta, and the 
making up of designs in small pieces of shaped glass 
termed had lights and fixing them, and of similar 
work. 

The glaziers tools consist of a diamond [28], which 
is used for cutting glass. This is a small uncut 
diamond set in lead and mounted in a brass 
ferrulo with a hardwood handle. Compasses provided 
with a socket on one leg into which the handle of 
the diamond can be fitted for cutting circular work. 
Ilaeking-out knife [29], often a broken table knife, 
sharpened on the edge, and used for cutting out old 
putty in reglazing. 

These are the principal special tools ; but several 
others aro used, already described in other trade* 

* — square, straightedge , rule , claw hammer (for sprig- 
ging), stopping knife (for stopping-in and smoothing 
off putty), dusting brush, sash tool (for priming 
sashes, painting putties, etc.), and, in lead glazing, 
copper bits or soldering irons . 

Composition and Forms of Glass. 
The ordinary glass used by tho glazier is composed 
of a mixture of pure sand, soda and chalk, and 
broken glass ; these materials are melted at a 
high tcmperaluro and by various processes, and are 
then formed into shoets of convenient size and thick- 
ness for glazing purposes. 

In all forms of glass large sheets are charged at a 
higher price per suj>erfieial foot than small ones, a- 
the latter can often be cut from waste or breakage*. 
Any glass that is required to bo bent is charged at a 
special rate if bent in one direction, and a further 
charge is made if bending in two directions is re- 
quired. 

The principal qualities of glass in ordinary use 
are crown, sheet glass , and plate glass , which diffn 
from each other to some extent in composition, but 
mainly in tho method of their manufacture. 

Crown Glass. Crown glass is blown by 
means of a blowpipe into a globular form, 
then heated and rapidly rotated until it whirls 
out into a llat disc or table, in the centre of 
which is the bullion , or blob of glass, by which 
it was held, and which is thicker than any other 
part ; but the thickness throughout is somewhat 
uneven, the centre part of the table being thickest : 
the size of good glazing panes is therefore 
limited by the diameter of the plate, which generally 
varies from 3£ ft. to 5 ft. The sheet may be cut 
up in a variety of wavs, but the centre is cut out 
separately, generally about 5 in. square, and is known 
as a quarry, a term that is also applied to glass cut 
up into small pieces for lead glazing. Tne rough 
centres were formerly used for the commonest glazing, 
but in recent years have been in great demand for 
some forms of lead glazing. The maximum size of a 
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sheet of crown glass does not exceed 5 superficial 
feet, and the thickness varies somewhat. The 
weight is about 13 oz. to iV in. of thickness, and, for 
window glazing, should be about l(i oz. per foot. 
The glass is sold either in crates of tables con- 
taining half tables, semicircular in form, or in crates 
of slabs cut to sizes. This glass is verv clear and 
white, but the surface is considerably curved 
unless specially flattened, which makes glazing 
difficult, and it can be used only for frames of a 
small size. There are several qualities — selected 
qualities , for glazing pictures, of which A is the 
best and B the second ; ordinary glazing qualities, 
divided into bests, seconds , thirds , and coarse. 

Sheet Glass. Sheet glass has to a great 
extent superseded crown glass for most purposes. 
It is blown in the form of a hollow cylinder with 
closed ends ; these are cut off and the cylinder is 
cut throughout its length and afterwards reheated, 
when the glass falls outwards into a flat sheet, 
rectangular in form, and is gradually cooled. The 
surface may be polished or ground, and the glass 
bent to curves if required. This glass is made 
quite clear, known as crystal or slightly tinted ; it 
is to be had in the same qualities both for pictures 
and glazing as crown glass ; it is usually described by 
its weight per superficial foot; the usual weights 
and thicknesses are as follows : 15 oz. — ^ in. ; 
21 oz. — ^ in. ; 215 oz. - I in. ; 32 oz. = j in. ; 
30 oz. — \ in. ; 42 oz. — ^ in. 

This glass is not quite so clear or white as crown 
glass, but it can be obtained in much larger panes, 
because the sheets, being rectangular and having no 
bullion, can be cut with much less waste. In 
all glass some small air bubbles are formed ; in 
sheet glass and in the forms of plate glass pre- 
pared from it, these small bubbles have an oval or 
elongated appearance, the result of the process 
of manufacture : whereas, in cast plate, hereafter 
to be described, the bubbles are perfectly globular. 

Plate Glass. Patent plate glass, or blown 
plate , is produced by polishing sheet glass on both 
sides, and is generally formed of the thicker qualities. 
The polishing of glass is done with sand, emery 
powder, and ealcothar, or red oxide of iron. It is 
obtainable in two colours, ordinary crystal and 
extra white , and the qualities are known as best, 
“ B,” second or “ 0,” and third, or “ 0.0.” 

Fluted sheet is formed from the third quality 
of glass by rolling it while hot with rollers formed 
with corrugations ; the effect is to toughen the glass 
and to abolish its transparent quality without 
greatly reducing the amount of light that will pass 
through it. Such glass is used where privacy is 
required, and effectually prevents those outside a 
room seeing into it even when a light is burning inside. 

Plate glass, or British plate glass , is made by pour- 
ing the molten glass on to an iron table and rolling 
it with heavy iron rollers, which strengthens the 
quality of the glass. It is made in the form of 
rough cast plate , rolled plate, and j)olished plate. 

Rough cast plate is the commonest form of plate, 
and can be obtained in sheets of large size ; its 
thickness varies from { in. to 1 in., and it is very 
strong, but the surface is somewhat wavy. It is 
used for forming the risers of steps, and for glazing 
windows near the ground level where protection is 
essential, and for pavement lights. It is the cheapest 
form of plate, and is made in one quality only. 

Rough rolled plate was patented by Messrs. Hart- 
ley k Co., and is often known as Hartley’s rolled 
plate. For this glass the iron table on which it is 
rolled has the surface covered with fine lines or 
flutes formed on the surface, and these are impressed 


upon the glass when it is rolled out ; the rollers are 
smooth, and one side only of the glass is thus 
fluted, but the other side is somewhat wavy. Plain 
glass is rolled with very fine parallel ridges close to 
each other. fluted has ridges wider apart, the 
small Huted having usually eleven ffutes to the linear 
inch, and the large fluted four such flutes. Class 
can be obtained up to 10 ft. long and 3 ft. wide in 
this form, and it is rolled in the following thicknesses : 
J in. weighing about 32 oz. per square ft. ; , !} ff in., 

in., | in. This glass is much used for skylights, 
conservatories, and in windows of factories, etc. 
Light admitted though it is somewhat diffused, and 
the glare of sunlight is diminished, but more light is 
obstructed by this quality of glass than by polished 
glass ; in fixing, the smooth face is usually placed 
outside. 

British polished plate is cast in the same way 
as rough cast plate, but a superior quality of glass 
is cast for polishing, and it is afterwards ground 
down to an even surface and then polished on both 
faces. This glass is prepared in several qualities — 
silvering quality, specially intended for mirrors, 
but used also for the highest quality of glazing ; 
best glazing, and ordinary glazing. This glass can 
bo obtained in sheets of immense size, though very 
large sheets are charged at a special rate ; but 
sheets up to 100 ft. area are usually kept in stock 
in several thicknesses. This glass is very clear and 
colourless, it transmits a greater proportion of 
light than any other material, and, in common with 
all forms of plate, is very strong ; if J in. thick, it 
prevents cold from penetrating to a great extent ; 
it tends also to prevent burglary, as it cannot be 
cut and removed without noise. 

Of diamond and quarry rough plate the former 
has one smooth side, while the latter has diagonal 
lines forming lozenge-shaped figures filled in with 
narrow ridge lines. The diamonds in the quarry 
plate are larger than in the diamond plate. 

Figured Rolled Glass. There are various 
other methods of treating glass surfaces by rollers, 
which arc of more recent introduction. But in all 
cases the method of production is somewhat similar, 
and the glass varies in appearance with the design 
cut upon the iron tables or upon the rollers. Of 
these forms of glass, one of the best known is 
Muranese, which is entirely covered on one face 
with small flutes, not parallel, but arranged some- 
what after the pattern of a shell, in various 
shapes. This may be obtained in white or tinted 
glass. Another similar glass is known as Arabesque, 
and this also is formed with radiating grooves. 
Other forms are rolled, which are foliated in 
character, such as the Japanese pattern, in which 
flowers and foliage are represented on a ground 
covered with dots in place of grooves, and the 
Flannel Flower pattern, which differs in design, but 
resembles the Japanese in treatment. The object 
of all these forms of glazing is to destroy the trans- 
parency of the glass with as little damage as possible 
to its translucent e, and they are generally employed 
for glazing windows and screens to rooms in which 
observation from outside is to be avoided. 

Wired Glass. This is ordinary glass, but 
has imbedded in its thickness a layer of wire 
netting. The glass surface may be treated either 
as cast or rolled or polished. The special advantage 
of the wire is that in the event of the glass being 
broken by accident or by fire, the fragments are 
bound together by the netting, and will not fall out. 
It further increases the resistance of such glass to 
the attacks of burglars. The wirework is, of course, 
visible, especially in the polished glass, and this may 
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make it undesirable to use for such positions a® 
shop fronts ; but for skylights, and in other positions 
in which the presence of the wire is not objectionable, 
it is very serviceable. It may be obtained in lengths 
up to 100 in., and up to 36 in. broad. 

Glass ventilators are sometimes usod ; these may 
either be cast with perforations in them, or the 
perforations may be cut afterwards. This is the 
most satisfactory plan, as such a ventilator can be 
cut where desired in a large plate ; a circular disc of 
glass, with similar perforations may be fixed over it so 
that it will rotate on its axis and form a hit-and- 
miss ventilator [31 J. 

Glass Shelves. Thick pieces of glass arc 
often employed for shelves in operating rooms, for 
carrying instruments, and also in high-class shops. 
In such work the edges of the shelves are slightly 
rounded and also polished, and it is usual for all 
good qualities of glazing to have the edges of the 
panes rounded ana )>olished in a similar way. The 
surface of polished plate, if it becomes scratched, 
may bo repolished. 

Cut Glass, Plate glass may be ornamented 
by cutting the surface so as to form a floral or foliated 
design. This cutting includes bevelling the edge, 
which is sometimes introduced and is elective, and 
also ornamental lettering. The surface is cut by 
means of an emery wheel, and afterwards polished. 
The wheel revolves on a stationary bed, and the glass 
must be brought into contact with it whenever any 
cutting is required. In order to do this, the sheet 
of glass is mounted in a frame and balanced with a 
counterpoise ; it is then moved by tho workman so 
that the cut is made of the desired size and shape. 
Tho cost of cutting is higher for the same amount 
of work on a large pane than on a small one, owing 
to the increased difficulty of manipulation. 

French embossing is also executed on plate gliiws ; 
in this work, the surface of the glass, excepting those 
portions which are to be embossed, is covered with 
Brunswick black; the surface is then subjected to 
tho action of fluoric acid, which eats away the un- 
protected surface, giving it a dull, slightly opaque 
effect. The action of the acid may be stopped in 
certain parts of the design at any time by painting 
them out, and in this ».*uy some portions are more 
deeply eaten than others, affording a further contrast 
with the plain glass. The effect may be still further 
heightened by combining embossing and brilliant- 
cutting in the same piece of glass. 

Cloisonne glass is a. somewhat recent form of 
ornamental glass which is very suitable for many 
purposes such as screens ; it may also be used for 
external windows. It is prepared as follows ; a 
sheet of glass the exact sizo required for the 
opening is taken, and the design selected is formed 
on the surface with a fine brass or gilt wire : thp 
surface within each enclosed area is filled in 
with glass in small granules, which may be varied 
in size, and also in colour ; either delicate or bold 
effects may therefore be produced. These granules 
are fixed with a transparent cement, and the 
wholo surface of the glass is covered with 
the design, and this surface is afterwards covered 
with another plain sheet- of glass, secured at the 
margins, and the sheet can then be fixed like 
ordinary glazing. The surface on both sides is that 
of a plain sheet of glass, which is cleaned perfectly 
easily. The most splendid method of treating 
glass surfaces is by staining or painting them, but 
this is work of a highly artistic character, and cannot 
be dealt with in this article [see page 4646], 

Coloured Glass This may be produced by 
adding various metallic oxides and other substances 
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to the materials used for- making . the glass before 
uBing, and a great variety of colours and tints may be 
produced in this way. The term pot meted is applied 
to glass in which the material is coloured right 
through. Flashed colours are those inwhich plain 
glass is covered on one side with a thin layer of 
coloured glass. A design may be formed on such 
glass by eating off the coloured glass in certain 
portions by means of fluoric acid, and allowing the 
white glass to show through. 

By using pot metal as the ground work for flashed 
glass, an endless variety of tints and shades may be 
produced. Glass of this character is used in the 
making of glass mosaic, and for such work the gold 
cubes which are often employed may be formed by 
laying gold leaf on the plain glass and flashing a 
coloured glass over it ; by changing the tint or colour 
of the flashing great variety and beauty is given to 
the gold underneath it. 

Coloured glass is much used for ecclesiastical 
work, and is often called cathedral glass ; where it is 
desired that such glass should not be quite trans- 
parent, it is sometimes slightly or considerably 
obscured by sprinkling over the .sheet, while still 
quite hot, some fine sand, which becomes partially 
fused and incorporated with the glass, and forms a 
series of spots’ on the surface, which may be some 
distance from each other if lightly sanded, or close 
together if heavily sanded. 

Transparency of Glass* Even the most 
transparent glass will not allow all the rays of light 
that reach the external surface to pass through it, 
but some kinds of glass obscure or reflect much more 
light than others. The diminution of light caused 
by filling an opening with different qualities of 
giass, as compared with the same opening unglazcd, 
is as follows : Of the total light received, British 
polished plate, J in. thick, intercepts 13 per cent. : 
sheet glass, 32 oz. to the foot, intercepts 22 per cent. : 
rough cast plate intercepts 30 per cent. ; rolled 
plate, 4 flutes to an inch, intercepts 53 per cent. 

Glass is prepared in the special forms of prisms for 
certain glazing work ; these arc cast of tho required 
form, and afterwards polished and made up into 
lights for use as pavement lights, stall boards, coal 
pla tes, etc. [30]. The manufacture of these lights is 
in tho hands of spec ial makers, and they are usually 
supplied complete in thMr frames, which in some 
cases, on account of their weight, aro hinged and 
balanced with counterweights, if they are likely to 
be frequently opened. Tho object of all such 
prismatic glass is to deflect the rays of light reaching 
the inner face of tho glass and to send the rays in a 
horizontal direction, or nearly so; by this means 
the back portion of rooms that would otherwise 
be very badly lighted may receive a greatly im- 
proved illumination. Glass is also manufactured 
with a series of small parallel prismatic projections 
on the inner face with the same object. In other 
cases reflectors are employed filled in with sheets of 
glass fluted on the face and silvered on the back t<> 
direct light in the required direction. 

Glazing with Putty. Eor most glazing fixed 
in wood or iron frames, putty is used for fixing the 
glass to the frame. Glazier s' putty is made of 
whiting mixed with linseed oil and well kneaded . 
sometimes a little tallow or non-drying oil is added 
vo it to keep it slightly soft, so that it shall not be 
damaged by the alternate expansion and contraction 
of the glass. When used, the putty is in a plastic 
condition, but somewhat stiff; .the. frame should 
hare been at least primed, and if this has not been 
done, the rebate that receives the glass must be 
painted, or the wood would soak up the oil in tin 
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putty before it had hardened. The glass is cut so as light ; the lower edge, or tail, is often supported by a 

to fit somewhat loosely in the frame that is to receive copper clip [40] to give it additional security, and if 

it. If it were tight at any point* there would be two or more sheets of glass are used they must be 

a risk that the glass will split under the effect well lapped and a copper clip may be used to 

of expansion and contraction— if any slight support the upper piece. The extent of lapping 

settlement in the building should tend to alter the will depend on the slope, but is usually about 

shape of the frame the same accident might occur — li in. The lower edge of the glass runs over the 

whereas, if it is slightly smaller than the frame the apron of the light and should be allowed to cover 

conditions suggested should produce no such result. it completely ; but in some cases it is stopped on 

The edges of plate glass should be blackened before the back of the apron, with the result that water 

glazing, to prevent the effect of reflection from them. is delivered on to the surface of the apron, and, 

Puttying. The first operation is to draw or especially if the inclination of the light is not great, 
spread a thin layer of putty fairly evenly along thiR is liable to rot the wood. In glazing green- 

the back of the rebate all round the frame ; this houses and garden lights the glass used is generally 

is not carefully smoothed but left from the knife thin, and is used in small pieces with several hcri- 
that is used to spread the putty. The sheet of glass zontal joints and a small lap; in such work the 

is placed in the frame and pressed firmly against metal clips above referred to are not required, 

the putty on the rebate, which thus becomes reduced If ground glass is to be fixed with putty the surface 

to a uniform thickness, and some putty is generally round the edges should be first size! to prevent 

squeezed out in the process and will stand above the putty from discolouring it. 



GLAZING TOOLS AND SYSTEMS OF GLAZING 

28. Glazier’s diamond 29. Hacking-out knife 30. Prismatic glass 31. Glass ventilator 32 . Glazing with putty 
33. Glazing in atone jamb 34. Glazing in terra-cotta jamb 35. Lead glazing with 8addle*l>av 36. Glazing with wood 
beads 37. “Simplex” glazing 38. Helliwell’s glazing 39. Eendle'a glazing 

the wood of the sash all round on the inside of the Glazing in Stone and Terra-cotta, 
glass; this is not at once removed but left till it Tn certain styles of buildings sheets of glass which 

gets hard and is then cut off, generally after an are not required to open may be fixed in the stone 

interval of about a week. or terra-cotta opening without ihe use of any 

If the sheet of glass is large and heavy it is very wood or metal frame. This is usually done by 
often sprigged ; this consists in driving small brads forming a rebate in tlie frame, fixing the glass 

of iron or brass into the woodwork at intervals, against the rebate and securing it in position with 

to hold the glass in position till the putty has hard wood beads or mouldings screwed to wood 

hardened and is firm enough to hold the glass or lead plugs let into the jambs [33 J ; the outer edge 

securely ; but with panes of ordinary size, this between the glass and the rebate is pointed all 

process may be, as a rule, omitted. When the round in cement 

glass is in position additional putty is worked on Where the glass does not consist of a single sheet 
all round the panes on the outside and finished with but is in the form of a leaded light a groove is 

a sloping or weathered surface [32]. The external formed instead of a rebate in the material of the 

surface of the putty should be painted at once to window opening, and the glass light can be slightly 

prevent its drying too rapidly and cracking ; a bent and placed in the groove and afterwards 

sash tool [11] is used, and care must be taken to straightened out and fixed and pointed in cement [34]. 

see that the paint is not smeared on the glass. Saddle bars are usually required for assisting to 

Putty Glazing to Skylights. When putty support lead lights which, in windows of any size, 

is used for glazing skylights the system is are not rigid enough to resist any considerable 

similar: it is desirable when possible to employ wind pressure. In the simplest form the saddle 

a single sheet of glass to glaze each division of the bar is a square bar of iron from | in. square 
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upwards, defending on the strength required ; 
the ends are fixed to the frame into which the light 
is fixed and the light is secured to the s addle bars 
with copper wire [35]. If the jambs of the opening 
are of stone or terra-cotta a mortise is cut in each 
side for the saddle bar and it is run in with cement : 
if a wood frame is used the ends of the bar may bo 
turned up and flattened and perforated for n screw 
and then fixed to the frame. 

In the case of very large lights, vertical bars or 
stanchions are used to stiffen the saddle bars, and 
are sometimes very large and strong and are 
secured to the surrounding masonry. 

Glazing Internal Lights. Where glass 
is to be fixed in an internal screen or door, putty 
may still be used, but in such cases when there is 
no exposure to the weather it is not essential, and 
it is often preferred that both sides of a frame 
should have the same character and appearance ; 
in such cases the glass may be secured in the 
rebate by means of small wood beads or mouldings 
fixed to the. frame and glazing bars with small 
screws [36J : these should bo of brass, and brass 
cups are usually provided and let into the beads to 
take the heads of the screws exactly. Such an 
arrangement allows of easy and quick repair to 
any pane that has been broken by merely removing 
the mouldings, inserting the new pane and refixing 
them. Where the upper panels of doors have to 
be glazed, the same system may be used, but a strip 
of washleather or vulcanised indiarubber is used 
for holding the edge of the glass to reduce the 
vibration duo to the opening and closing of the 
door, which might otherwise crack the glass. 

Glazing Without Putty. The drawbacks 
of putty are that the material does not remain 
permanently sound, but is apt to perish, especially 
in the case of skylights in which the glass is not 
placed vertically, but often at a very flat angle ; 
this decay may bo greatly retarded by careful 
painting at least in every second year, but in time 
putty is apt to crack, and ceases to bo watertight. 
It is also a somewhat troublesome matter to hack 
out the old putty, which gets hard, and several 
systems have been adopted to avoid the use of any 
putty, but to provide for securing the glass in 

I position by mechanical means ; such a system must 
>o, nevertheless, watertight, must not interfere 
with the expansion or contraction of the glass, 
and at the same timo must render the execution 
of repairs an easy and rapid operation ; it is essential 
that the construction be strong enough to allow of 
workmen 'getting about on the roof to execute 
repairs. The simplest form of this class of glazing 
is termed the simplex [37], and can be utilised with 
existing wood lights and bars by removing the 
rebates on tho latter, or may in now work have 
bars specially prepared for it. The system makes 
use of a strip of lend specially folded so that 
it may be nailed to the top of the bar, and after the 


glass is put into position the edges are turned down 
and dressed over the glass. The lead strips are 
secured to the wood bars with copper nails placed 
on alternate sides of the centro lino about 4 in. 
apart. 

Randle* Invincible glazing [39] has a specially 
formed bar of zinc or copper provided with con- 
densation gutters, which is sufficiently strong for 
lengths under 4 ft., but for longer lengths must be 
carried on a bar of wood or a T-iron. The glass 
rests on this bar and a metal capping is employed, 
secured by bolts and nuts at intervals. 

Hope's glazing has a specially moulded steel bar 
with a dovetailed groove in the centre of the top : 
into this a special east lead cover strip is screwed 
with flange's dressed down over the glass. 

Helli well's Perfection glazing [38] also employs a 
special moulded steel glazing bar, with a capping 
of lead, zinc or copper, fixed with brass bolts and 
nuts. 

Leaded Lights. Leaded Lights are formed of 
small pieces of glass fitted into grooved lead strips, 
which are soldered together to form lights or panels. 
The glass may be white, coloured, stained, muffled or 
rolled. The lead strips, or comes, are of an H section 
and are drawn, and the joints are soldered ; the 
eames are cut rather short and drawn through a 
compression rice., the effect of which is to harden 
and polish the surface and to mill the groove ; the 
centre between the grooves is the heart , and each of 
the sides is termed the leaf ; this is usually 11 aj 
or round, but may be beaded and is, for ordinary 
glazing, from £ in. to £ in. wide, but may bo as 
much as 1 in. The two leafs are opened out to 
receive the glass, and then a cement is brushed under 
the leaf, consisting of mastic or whiting and red 
lead, and the leaves are then closed down bn the 
glass and coated with blacklead, or tho surface may 
be gilded ; they should be allowed a week to harden 
before fixing. The pieces of glass may be rectan- 
gular or of almost any desired form, but a piece 
of glass that is narrower noar its centre than at 
its ends is undesirable ns it is liable to crack 
across. The camcs aro bent to fit the outline of 
irregular pieces of glass, and the various lengths 
of cames are soldered together where they meet ; 
short lengths of copper wire are also soldered in 
for fixing to the .saddle bars already referred to. 
The cames often play an important part in the 
design of ornamental lights, and in alt such woi;k 
due provision for the saddle and stay bars must 
be made. 

A more rigid method of fixing up panels from 
small sheets of glass has been, within recent years, 
introduced by the Luxfer Company. The pieces 
of glass arc carefully cut and laid out on a table 
with copper ribbons till the panel is formed up of 
the requisite size. This is then put into an electro- 
lytic bath und copper is deposited betwoen the 
edges of the glass and intimately connects it with 
the frame, forming an extremely rigid panel. 
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system of the body is so grievously mis- 
used by its owners as the digestive. This 
is due first to the fact that it is more largely 
under our ovm conscious control than any 
other. 

It may be well here briefly to review the limits 
of the conscious control of body operations, 
and we shall see how very narrow they are. 
The direct limits of the conscious mind and 
will are fairly well defined and generally pretty 
constant, though in some few individuals they 
extend further than in the majority ; but under 
no circumstances can the will produce any 
direct organic change in the body. 

With regard to the heart and circulation 
direct influence is very small. By conscious 
effort- in very few r people the heart can be slowed ; 
and it is believed that there have been cases 
\vhere$T- could be voluntarily stopped, though 
one cannot bo adduced. We cannot consciously 
change the volume and course of the circulation, 
all of which is done constantly and with the 
greatest case by the unconscious mind. 

Over respiration we have greater power, and 
can vary it at will, within certain fixed limits. 
These limits exist whenever the life is imperilled 
or affected by want of oxygen, in which case the 
unconscious centres over-ride the strongest 
will, and force us to breathe, whether wo will 
or no, so that our free will here is safely guarded. 
We have, of course, full control over the char- 
acter of the air used, and this power we use 
to the full — in poisoning ourselves as much as 
possible with foul air and un ventilated rooms. 

Mismanaged Power. In the digestive 
organs, as wo have already said, the will has in 
one way the greatest power. It is true that 
we have no control whatever over the food, 
onco it is swallowed. In fact, as a rule, it 
then disappears wholly from consciousness ; 
nevertheless we cannot all eat any sort of food 
we like, although we have absolute power over 
the quantity, so that we can starve ourselves to 
death or die. from overeat* ng. We can also 
voluntarily poison ourselves with alcohol to any 
extent. All these privileges w r e use to the full, 
and hence it is that this system suffers far 
more than any other, because here alone there 
are no limits to our powers of self-destruction. 
The unconscious mind does its best to neutralise 
the evils of our conscious efforts, but there comes 
a time when the food is so poisonous or insuffi- 
cient or excessive that death, or at any rate, 
disease, ensue?. The action of the bowels is also 
under our control, and this, too, we mismanage 
in every possible way. 

The secretory system is beyond our direct 
control, save in the discharge of tears, saliva 
and urine. 


In the spending of force by the locomotive 
and nervous system s we have great control, not 
in detailed actions, but in results. We have 
control over the special senses, and the upper 
portion of the brain only. All the lower part, 
concerned with the nutrit ion of the body, is under 
the sway of the unconscious mind. 

Over the skin and its appendages, as regards 
its internal nutrition, wo have no pow r er, but we 
can and do damage and soil it to any extent 
externally. 

Indigestion, Dyspepsia, or indigestion, is 
the most common form of digestive ill-health. 
The symptoms of it are a coated tongue (the 
tongue being the mirror of the stomach), a 
weight of pain after food, loss of appetite, dark 
rings under the eyes, and sometimes vomiting 
or purging. 

Dyspepsia rises from four groat causes, every 
one of them preventable, and it is for this reason, 
and this alone, that this information is given. 

It is foolish to harrow people’s minds with 
morbid descriptions of disease, which really 
concern no one but a doctor, and such will 
find no place here. But there are thousands 
of sufferers who have no idea that their com- 
plaints are entirely preventable, and can be cured 
by common-sense means, and it is for such that 
this course is designed. The four great causes of 
dyspepsia are excess of food, improper food, too 
rapid eating, and weakness of stomach. 

Tiie first cause is eating too much food. Up 
to twenty a person can hardly eat too much 
wholesome food. From twenty to forty he should 
eat meat only twice a day, as a rule, and after 
forty once a day, and should begin generally to 
live sparingly. A terrible excess of meat is 
eaten in England, which causes a common and 
dangerous poison — uric acid. Few' who have not 
tried it have any idea of the comforts of living 
sparsely on plain food. 

The second cause of dyspepsia is improper 
food — that is, very indigestible or decomposing, 
or badly or too richly prepared foods. Some- 
times the food is very improper, such as green 
apples, raw' potatoes, uncooked rice or raw spirits. 

Too rapid eating is the third of these causes. 
Meals taken too near together, or eaten too 
rapidly, or when in a state of fatigue. 

Weakness of stomach, tin fourth cause of 
dyspepsia, may arise from nervous causes, 
poverty of blood, general debility or some local 
pol- n! These result either in feebleness of the 
digestive movements, or in poverty or scant 
supply of the gastric juice. 

Preventable Evils, Practically all these 
causes are preventable. The simple remedies 
appropriate for them are first of all to seek out 
the cause, and, if preventable, to stop its action. 
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If thin is beyond our power a doctor should be 
seen. If any special article disagree, it is well 
to see if the cooking of it is what it should be, 
and if so, to eat less of it rather than to discon- 
tinue it. Such indigestible combinations as tea 
and meat, rich sauces and twice cooked meat 
may, of course, be stopped. Rest after meals 
may help. Better mastication, slower eating, 
rest of mind at meal times and careful attendance 
to daily relief all greatly help. For flatulence, 
peppermint in any form with a little soda is still 
the best relief. For anything further a doctor 
should be consulted. 

Biliousness. Biliousness is a digestive 
disorder, the cause of which is but little known. 
It is one of that interesting class of diseases 
that arises from self-poisoning, or, as it is called, 
autosepsis. It is not generally known that 
the body in the process of ordinary digestion 
eliminates from the food, and especially from 
nitrogenous foods, various potent poisons. Still 
more are made where the digestion is imperfect 
or the food improper or excessive, and it is one 
of the regular functions of the liver to purify 
the digestive products that pass through it 
on their way into the circulation. 

When the liver is congested — that is, overloaded 
with blood from sudden chill of the surface by 
cold air or water —or when it has too much work 
put upon it from too much food, and especially 
rich meat foods, or when it is sluggish in its 
action for want of general exercise of the body 
and sedentary occupations, it fails to do its duty 
and allows some of the digestive products to pass 
into the circulation unpurified and containing 
certain poisonous substances. 

These substances circulating in the blood at 
once begin to show their effects in the nervous 
centres, and all the signs of poisoning sot in. 
The person feels very ill, and has a bad frontal 
headache. He refuses all food, and suffers 
from nausea and vomiting — often violently. 
By degrees the poison is eliminated and he 
recovers, for these attacks are seldom dangerous 
though most depressing. 

v It must bo clearly understood that a bilious 
attack has nothing to do with bile ; the disease 
that is connected with it is called jaundice. 
The former is a case of self-poisoning, arising from 
imperfect action of the liver due to preventable 
causes. No one ever really need have a bilious 
attack. The remedy is abstinence from food 
till it is over, and then nothing but light, 
digestible diet for at least two clays after. 

Vomiting. Vomiting is rather a symptom 
than a digestive disease ; but as it often occurs 
apparently by itself we may treat it as such here. 
It is generally an effort of Nature to get rid of 
some poisonous or indigestible substance from 
the stomach, and in these cases it is wholly 
beneficial. It may, however, be due to at least 
two other causes. There may be intense irritability 
of the stomach, cither from acute dyspepsia, 
some inflammation of the stomach, some pressure 
upon it, or the high temperature of fever that 
compels it to reject all sorts of solid food. Or 
the cause may not be in the stomach at all, 
but in the nervous system. There is in the 
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brain what is called the vomiting centre , which, 
if irritated or pressed, causes vomiting: A 
simple remedy is to take one teaspoonful of 
chloroform-water every five minutes. 

Stomach and Liver Diseases. Gas- 
tralgia, or pain in the stomach, again, may be due 
to some sore place in the stomach, such as an 
ulcer, or to the tenderness caused by inflamma- 
tion, or ot her local causes. Or it may be a mere 
neuralgia, brought on by poverty of blood or 
weakness of nerves. In this case food generally 
relieves the pain ; in the former it invariably 
makes it worse. By pain in the stomach is 
meant the stomach proper, not the whole 
abdomen, but just beneath the breastbone 
where the stomach lies. Tn simple cases a 
little bismuth often gives relief. If the pain 
be very acute, fixed and constant and accom- 
panied by any vomiting of blood, this may bo 
due to some ulceration, which may be serious 
or not, but it is always a matter for medical 
consultation. 

Liver diseases are common in tropical countries, 
but are rarely severe in England. The most 
common trouble in this country is enlarge- 
ment. of the liver , from an overgrowth of fibrous 
material all through it, choking its ducts, and 
arresting its functions, duo to alcoholic poisoning 
in its earlier stages. Then then? is contraction, 
or atrophy of the liver , accompanied by dropsy or 
water in the abdomen, which is really a further 
stage, also caused almost invariably by alcohol. 
Here we get all the fibrous overgrowth that 
enlarged the liver in the first case contracting 
and strangling all its beautiful mechanism, so 
that not only can it not fulfil its functions, but 
the blood cannot actually get through it, except 
in very small quantities. The result is that the 
back pressure is so great that the watery part, 
of the blood everywhere exudes through the 
•walls of the abdominal vessels, and fills the 
abdomen with gallons of fluid, which as soon as 
it is removed is replaced by more. 

Avoidable Ill-Health. Need it be 
pointed out that these conditions are wholly pre- 
ventable, and arc simply one of the results of 
the wanton misuse of our pow T cr over the 
digestive system ? Surely sins are none the less 
heinous because they are against our own 
bodies, constantly wrecking and destroying the 
exquisite machinery by which life is maintained. 
In all cases of atrophy a doctor should be seen. 

Congestion, overloading, and sluggishness of 
the liver generally results, as we have seen, in 
biliousness, which, indeed, also relieves it. 
A hot poultice over the liver or a hot bottle is 
another remedy. 

One of the great functions of the liver is the 
production of bile , which is stored in a special 
vessel (the gall bladder) and discharged into the 
bowel as needed for antiseptic and laxative 
purposes. If the duct is blocked and the bile 
finds its way into the blood, the result is jaundice. 
In this disease, care should be taken against 
chills, and the diet should be simple and scanty, 
with daily relief till well. 

We now come to a matter upon which it is 
necessary to speak plainly ; and as this is a 



serious medical work, one need have no scruples 
in doing so* The particular form of ill-health 
referred to is constipation. 

This trouble consists in retaining in the body 
for an undue time those effete matters derived 
from the refuse of food and the process of 
digestion that are practically poisons to the 
system. These should be got rid of daily, and 
then no trouble arises. But if not, and con- 
stipation is allowed to go on, the ill-health that 
supervenes is often very grave, and of the most 
varied kind, though it is seldom traced to its real 
cause. We will indicate some forms of it. 

How we Hinder Nature's Work. If 
the constipation be severe and prolonged, it 
may lead to absolute stoppage of the bowels. 
This, when complete, is fatal — no operation can 
save ; only death remains, which is all the more 
dreadful as it is wholly and completely avoidable. 
Short of this, there may be a partial blocking, 
which an operation can relieve. Appendicitis 
is occasionally the result of constipation. 

But, setting these graver results aside, there 
;»ie far moro common forms of ill-health little 
suspected that are the constant result of ordinary 
constipation. We get a sallow or earthy com- 
plexion arising from the poisonous matter soaking 
through into the blood. With this goes a lowered 
condition of health, nutrition is impaired, the 
spirits and nervous system are affected, and the 
whole tone is altered. No name can bo attached 
to the condition, but the effects arc obvious, 
though the real cause is so often unsuspected. 
In some cases the results are far worse. There 
is solid ground for believing that many forms of 
mental trouble and disordered mind are really 
due to autosepsis. In other words self-made 
poisons have been absorbed into the blood, from 
prolonged constipation of a far more serious 
nature than those which cause a bilious attack. 
All who have experienced this will remember the 
profound depression of spirits that accompanied 
it, nncWill, therefore, be littlo surprised that, in 
a severer poisoning of the brain centres, worse 
symptoms should follow, and the reason itself 
bo impaired. 

Diarrhoea. This is the opposite state and 
much rarer, though when acute it may, at 
limes, imperil life. It never poisons the whole 
system, however, like the other condition. 
On the contrary, it is generally the result of 
Nature’s effort to get rid of some poison as quickly 
as possible. In a slight degree it need occasion 
no anxiety; only if continuous and prolonged 
docs it require treatment. It must not be for- 
gotten that it is a symptom of English cholera, 
and also in many cases constitutes the first 
stage of typhoid fever. 

These two diseases will bo further spoken of 
later on. For simple diarrhoea, boiled milk 
and liraewater, arrowroot with a little brandy, 
and sometimes a dose of castor oil will cure. 

Dysentery and Enteric. We must speak 
of these diseases now, as they are not infectious 
fevers like others. Dysentery is a painful disease 
common in foreign countries where there are 
marshes or bad drinking water. It is a specific 
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inflammation of the bowels, characterised by 
constipation, pain and much straining, often 
with much accompanying haemorrhage. The 
trouble is that it generally leaves some bowel 
weakness behind it, with some liability of 
recurrence Unlike most digestive diseases 
we have hitherto considered, it is not entirely 
preventable in our present state of knowledge, 
though wo may hope that with the researches 
and successes of the tropical schools of medicine 
this may soon be the case. In dysentery the diet 
has to be of pounded meat , milk and raw eggs. 

Enteric, or typhoid, fever is a still more 
general inflammation of the bowels, and is 
characterised by pain and diarrhoea and general 
tenderness. It also often leaves after effects, 
though not to the same extent as dysentery. 

Appendicitis. This famous disease is an 
inflammation of a very small and obscure 
comer of the digestive tract — the vermiform 
appendix. This relic, which hangs like a small 
worm from the end, or rather the blind end, of 
the large intestine in the right groin, and is about 
four inches long, has occasioned more interest 
and discussion than the whole of the rest of the 
bowel tract. This is due to the fact that besides 
any beneficent action its scanty secretions may 
set up in the bowel, it is, owing to its small size, 
a source of great danger. It is dangerous 
because it forms a convenient place for cherry 
stones, grape stones, orange pips, and small 
indigestible accretions to lodge, and set up 
ulceration. 

The subsequent processes are so remarkably 
l>eneflccnt, and such an illustration of the pro- 
tcctive action of the ms medicatrix naturw , that 
we will briefly describe them in the words of 
Sir Frederick Treves. “ In appendicitis a little 
trouble occurs in the appendix. The wall is 
perforated, and an acrid poison finds its way 
into the sensitive cavity of the abdomen. The 
symptoms that follow are termed tho symptoms 
of peritonitis. They are distressing and urgent, 
but they are all benevolent in intent, and are 
the outcome of Nature's vigorous efforts to 
minimise calamity, and save the patient’s life. 
It is, in every instance, a beneficial process. It is 
Nature’s method of bringing about a cure, and 
is successful in millions of instances. But for it 
many such cases would be instantly fatal.” 

Peritonitis and Colic. Peritonitis may 
occur quite apart from appendicitis, and is an 
inflammation of the delicate membrane covering 
the bowels. 

Formerly it was one of the gravest diseases ; 
now, thanks to antiseptic surgery, it is rarely 
fatal. The symptoms arc exquisite tenderness 
over the whole abdomen, which is as ligid as a 
drum — both very protective symptoms. 

Colic is tho imprisonment of wind in some part 
of the large or small intestines, and the result is 
agonising pain, which, however, differs from all 
inflammatory internal pains in being made much 
better by pressure instead of worse. The pain 
also moves from place to place. Peppermint or 
a dose of chlorodyne will probably relieve the 
pain. 
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HOW ENGLAND LOST AMERICA 

The American Revolution. Foundation and Growth of the United States. 
The War of Independence and the Alliance with France. George Washington 


By justin McCarthy 


DEFORE the death of Soto French colonists 
U had appeared in America, where they had to 
encounter the unceasing hostility of the Spaniards. 
The French were soon followed by English, 
whose way had been prepared for them by 
Hawkins, Drake, Gilbert, and Raleigh. The 
reported richness of the New World tempted 
many to try their fortunes there, and though 
the English had some terrible repulses, as at 
Roanoke Island, they were able, after the 
defeat of the Spanish Armada, to lay the founda- 
tions of successful colonies. 

The Colonisation of Virginia. After 
Raleigh’s fall in England his charter was given 
to the Virginia Company, called after the English 
possessions in America, which had been named 
after the virgin Queen Elizabeth. One of the 
divisions of this company had made an unsuccess- 
ful voyage to their territory of Virginia. The 
other division then fitted out three ships, the 
Good Speed, the Discovery, and the Susan 
Constant, under the authority of the now charter, 
which, among other conditions, included one 
stipulating for the supremacy of the Church and 
King of England. 

The only men of note in ibis expedition were 
the commander, Christopher Newport, and 
Captain John Smith, who had led a most 
adventurous life, fighting as a soldier of fortune 
all over Europe. He had previously escaped 
from Constantinople after having been sold as 
a slave. He did much towards founding James- 
town, and at this time the romantic? incident 
occurred of his capture by Indians, who were 
about to kill him. His life', however, was begged 
by Pocahontas, the daughter of their chief, 
who granted her request and set Smith at 
liberty. Years after Pocahontas was captured 
by the English, married an Englishman, and 
came to England. 

The Beginning of the Slave Trade. 

The colony of Virginia did not flourish, and was 
only saved by the arrival of provisions from 
England. Sir John Dale, the governor, did 
much for the improvement of the colony by 
strict legislation. Its chief industry wa*s tobacco, 
for which there was a growing demand in Europe, 
and for this cheap labour was so much wanted 
that in 1019 a Dutch ship sold twenty negroes 
to the settlers, thus laying the foundation of 
the Slave Trade. Felons from England were also 
shipped to America as slaves, and the kid- 
napping of people for the plantations became 
quite common. The colony of Jamestown 
increased, until there were eleven settlements 
or boroughs, from each of which two represen- 
tatives were chosen, who met in the first re- 
presentative assembly in America, called the 
House of Burgesses, on July 30th, 1600. The 

5844 


English Government pressed very heavily on 
the colony of Jamestown, depriving them of 
their legitimate liberties, until in the reign of 
Charles II. they deposed their governor, Sir 
John Harvey, who was much disliked, and 
the King was compelled to give way. 

The Formation of American States. 
Up to this time education had been rather at 
a standstill in the colony, but in time printing- 
presses were introduced, and in 1692 the William 
and Mary College was founded largely for tlic 
purpose of providing clergy of the Established 
Church, which was the religion of the colonist ». 
Some seventy years before this the colony oi 
New England had been founded by the Puritans, 
who came over in the Mayflower and other 
ships. In spite of incredible hardships this 
colony had flourished from the beginning, and 
other colonists joined them and spread further 
alield. Boston began to crown its Triple Hill, 
and Salem and other towns came into existence. 
The New W orld increased rapidly, and the land 
was partitioned into divisions like English 
counlies. The people of Massachusetts erected 
Harvard College, named after its founder. 
When Charles 1. attempted to interfere with the* 
liberties of the colonists. Boston armed itself 
strongly, and a similar attempt of James II. 
failed. The colonists had also to be ever on 
the watch against the Indians, with whom they 
were constantly at war. 

The various States gradually took the names 
by which they art' now known: Massachusetts, 
New Hampshire, Connecticut, Maine, Vermont, 
Rhode Island, were all a part of the union of 
the old thirteen. The Dutch had colonised 
Manhattan Island and called their town then* 
New Amsterdam, but the English wrested this 
from them and after some vicissitudes the town 
was called New York, after James Duke of 
York. Pennsylvania, founded by William Penn 
in the reign of Charles II. in the south, Mary- 
land, North and South Carolina, founded within 
a few r years of each other, w r ere soon in a pros- 
perous condition. For the next hundred years 
or so the colonists had to contend against tlie 
ceaseless hostility of the Indians, encouraged 
and often commanded by the French. The 
French did their utmost to encroach on the 
English possessions, and it was as an envoy to 
them that George Washington, then only twenty- 
three, is first mentioned in history. 

French Interference. Hostilities now 
began between the English and French, beginning 
disastrously for the English, who were defeated 
with great loss under General Braddock, » 
brave, rash officer who was killed in the fight. 
But fortune changed, and under Washington 
the English succeeded. Several minor victories 



followed his first success, and the heaviest blow to 
the French was the capture of Quebec by General 
Wolfe, after a fierce fight in which Wolfe and 
Montcalm, the French commander, were both 
killed. This victory had the advantage also of 
discouraging the Indians in a deeply -laid scheme 
for the overthrow of the English, and, though 
there was war for about two years between the 
English and the Indians, it ended in the defeat 
of the red men by the white, and for a while 
there was peace. 

But this peace was soon broken by the war 
with the mother country that was to make 
America a nation, and one of the greatest 
powers of the world. The English Government 
was very unfortunate in its treatment of the 
American colonies. Its chief knowledge of 
colonial affairs was derived from the governors, 
who were English and generally at variance 
with the people they governed. Thus the 
English had for the most part an erroneous 
impression of the colonists, and encouraged 
the Government in foolish acts of interference 
with popular rights which destroyed all 
sympathy between the colonists and the mother 
country. 

The Effect of the Stamp Act. The 

Government, under George Grenville, determin- 
ing to stop the wholesale smuggling carried on 
by the Americans, made itself much disliked 
by the colonists. It also determined to place 
garrisons all over the States, for the support of 
which it was proposed to tax the colonists by 
incans of the Stamp Act, which provided that 
all legal documents should he written or printed 
on stamped paper to be sold by the Government. 
This act was so unpopular with the Americans 
that after innumerable appeals to tho English 
Government, which passed unheeded, in 170. r > 
they called a congress at New York, at which 
Massachusetts, South Carolina, Pennsylvania, 
Rhode Island, Connecticut, Delaware, Maryland, 
New Jersey, and New York were represented. 
This congress drew up resolutions setting forth 
the rights and grievances of the colonists. 

But the Ministry in England had now changed, 
and the Stamp Act was repealed by the new 
Government. Unfortunately, however, England 
had not abandoned the attempt to tax the 
colonies, and it was decided that a revenue 
must be had out of America. The proposal to 
garrison the States also caused much friction, 
and the Legislature of New York refused to 
execute the Act by which the King’s troops 
were to be garrisoned on them. Parliament there- 
fore passed an Act restraining the New York 
Legislature from making any law until it had 
given way on this point. The Americans were 
firm, and, finding their appeal useless, determined 
to import no more English goods. 

The Colonists and the Government, 
Great indignation was displayed over the seizure 
of an American sloop supposed to be contraband, 
and the English governor had to call out the 
military. Tne Government was alarmed at the 
firmness of the colonists, and it was proposed 
to repeal all the taxes except the one on tea. 
This, however, did not placate them, and an 
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unfortunate fracas between some Bostonians 
and English soldiers, in which several Boston- 
ians were killed, added to the estrangement of 
the two countries. The tax on tea was much 
resented by the colonists, and on the arrival 
in Boston Harbour of throe shiploads of it, tho 
Bostonians seized the cargo and threw it into 
the sea, an example which other towns soon 
followed. England was infuriated by this, and 
in 1774 it was decided to close the port of 
Boston to all commerce, and to deprive Massa- 
chusetts of many of its liberties, those measures 
being enforced by aid of the military. The 
Americans, determined not to give way, called 
a congress, at which all tho States save one 
were represented. The Declaration of Rights 
was drawn up, protesting against this treatment. 

Burke and Chatham in England proposed 
various measures in favour of the Americans, 
but these were rejected by the House of Commons, 
urged on by the King, who imagined that the 
colonists could be bullied into compliance, and 
it became plain that war was inevitable. 

The War of Independence. The 
Americans fortified their towns, and drilled their 
men. The English General Gage, wishing to 
seize the stores and disperse a body of Militia 
at Concord, endeavoured to take the place by 
surprise at night : but a patriot, Paul Revere, 
got wind of the affair, and rode bis famous 
ride, warning tho colonists. So the English 
troops, under Colonel Smith, were themselves 
surprised, and forced to retreat to Boston with 
severe loss. Thus began the American War 
of Independence. Soon after this the second 
Cont inental Congress was called. It decided on 
various measures, the most important being the 
appointment of George Washington as Com- 
mander-in-Chief of the colonial army. Not long 
after the forts of Ticonderoga and Crown Point, 
in which were a large supply of stores and arms, 
surrendered to a party of patriotic adventurers ; 
but troops under Generals Howe, Clinton, and 
Burgoyne now began to pour in from England, 
and the next engagement was not successful for 
the colonials. The Americans were eager to 
occupy Charlestown, and to this end it was 
determined to occupy Bunker’s Hill — a height at 
the back of the suburb. 

Bunker's Hill. One night a party of men 
crept out, and, in spite of the nearness of the 
British forces, reached the height, and erected 
fortifications ,* but in the morning they were 
discovered by the British, who attacked them, 
and after a terrible struggle, drove them from 
the position. Washington now took command of 
the colonial forces, and compelled the British 
under Howe to evacuate Boston. The English 
army sailed away in its fleet, and Washington, 
with Nathaniel ‘Greene, David Morgan, John 
Stark, John Sullivan, Israel Putnam, and Henry 
Knox under him, marched to New York, where 
ho believed the English had gone. 

The Americans now determined to attack 
Canada. An army was sent there, which, after 
some success, was defeated in the attempt to 
take Quebec, and had to leave Canada ; but the 
English were repulsed when they tried to tako 
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Giarlcatown, and this success brought many 
wavcrers to the sido of the colonists. In 1776, 
a committee of five members of Congress— 
Jefferson, Franklin, Adams, Sherman, and 
Livingstone — drew up a Declaration of Inde- 
pendence. This was discussed by Congress in 
the first days of July, and on the Fourth it was, 
with somo slight changes, agreed upon and 
signed by tho members of Congress. The news 
was received with joy by the people. The declara- 
tion announced that the United Colonies were 
free and independent States, and were absolved 
from all political allegiance to, and connection 
with. Great Britain. 

The Sympathy of the French, 

Washington, who was at New York, had to 
contend against many difficulties. The city was 
largely loyal, but tho army, weakened hy disease, 
grew disheartened. In A ugust they were at t aeked 
and defeated by the English, and in September 
Washington retired to New Jersey ; and New 
York fell into the hands of the English. Wash- 
ington’s men began to leave him, and lie sent in 
vain for help to other American commanders. 
He persevered, however, and when the Congress 
gave him almost unlimited power with regard 
to raising troops, things began to look brighter. 
The English gave a free pardon to all who would 
desert the American cause, and many availed 
themselves of it. But before the end of the year 
Washington was able to clear the Jerseys and 
force the English to retire to New York. 

The Americans now decided to appeal for help 
to France, and Franklin, Arthur Lee, and Silas 
Deane were appointed Commissioners to plead 
the cause with the French King. Though they 
were at first unsuccessful, they were joined by 
the young Marquis de la Fayette, whose example 
was followed by such a number of men that 
France subsequently formed an alliance with 
the Americans, and in 177S formally recognised 
the United States. Great assistance was given 
to the American cause by Paul Jones, the Scotch 
sailor, a captain in the United States Navy, who 
became the terror of the English coast-, which lie 
ravaged unmercifully. His most, famous tight 
was that with two English warships off Flam- 
bnrough Head, where, after a most bloody tight, 
the English ships surrendered. 

The French Alliance. Meanwhile, in 
America the colonists were sustaining many 
defeats. Washington was defeated at the battle 
of Brandywine, and Philadelphia was occupied 
by the English, who also captured Rcdhank, 
thus opening the Delaware to their fleet. Tn 
the north Burgoyne had allied himself with 
tho Indians, thereby deepening the hatred 
between the Colonials and the British. He 
had taken Tieondcroga, but, after many de- 
feats, had to retire to Saratoga, where he was 
surrounded by the Americans and compelled to 
surrender on the condition that he and his army 
should return to England and not again serve 
against the Americans. The French now made a 
treaty of commerce and alliance with the Ameri- 
cans which was virtually a declaration of war on 


England. The English Government made some 
effort at peace, but the war continued. It was at 
this time that Benedict Arnold was discovered to 
be a traitor. Having been somewhat badly treated 
by Congress he entered into a treasonable corre- 
spondence with Clinton, the English commander. 
Arnold, who was commander of West Point, 
agreed to surrender this fortress to the 
English, the loss of which would, ho hoped, 
so paralyse tho Colonials that their cause would 
be lost, and the hated Congress overthrown. 
Major-General John Andre of the English Army 
visited Arnold within the American lines to 
arrange particulars, and, falling into American 
hands when departing to rejoin the English 
forces, incriminating papers in Arnold's writing 
w'crc found on his person. Ho was tried as a 
spy and hanged, while Arnold escaped to an 
English ship. 

The End of the War. The war con- 
tinued with varying success for two years. 
Finally, Lord Cornwallis, the English commander, 
having shut himself up in Vorktown, Virginia, 
w as there besieged by Washington, the sea being 
hold by t he French fleet. Famine compelled him 
to surrender on the terms that he should hand 
over his troops as prisoners of war to Congress, 
and his naval force to the French. This was the 
end of the war. Peace negotiations were opened 
in Paris, conducted by Franklin, Jay, Adams, 
and Laurens, on behalf of America. A treaty 
was concluded by the provisions of which tho 
United States extended from the Atlantic coast 
to the Mississippi, and Florida was restored to 
Spain, which also retained Louisiana. Thus 
ended the nine years’ war which brought into 
existence a new English speaking nation. 

The next six years proved extremely critical for 
the United States. Though they were free, they 
still had great difficulties to contend against. 
Their trade was crippled, they were heavily in 
debt, they were torn by internal dissensions, and 
they seemed to be lcadcrless. 

The First American President. But 
the new country was determined to overcome 
these difficulties, and in 1787 a great convention 
was held in Philadelphia, to which all the States 
except New Hampshire and Rhode Island sent 
delegates, among them Washington, Franklin, 
James Madison, El ridge Gerry, Francis Dana, 
and Alexander Hamilton. After much dis- 
cussion, the convention succeeded in producing 
tho Constitution under which, roughly speaking, 
America still lives. It was based on the legis- 
lative power of a Congress, consisting of a 
Senate and a House of Representatives, a new 
President to be chosen every four years. Wash- 
ington wa. v chosen as first President, and took 
the oath in New York on April 30th, 1789. In 
April, 1790, Franklin died, universally mourned. 
Washington, who w r as twice elected President, 
had great difficulties to combat, and made many 
enemies during his term of office, in spite of his 
untiring efforts towards the good of the country. 
At the expiration of his second Presidency he 
retired from public life, and died two year's after. 
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F this article there is outlined the production 
of the precious metals in the conditions in 
whioh they are used in coinage and the industries, 
with their application therein, and the occurrence, 
properties, and uses of the precious stones which, 
in the artistic craft of jewellery, are associated 
with the precious metals. The methods of extract- 
ing, and tho properties of the important precious 
metals, gold, silver, and platinum, have been dealt 
with in various preceding groups, particularly in 
Mining [pages 2375, 2380, 2005, 2959, 3709, and 
3835], Materials and Structures [pago 1390], 
Metals [page 4303], and in Chemistry [pages 1447 
and 1448]. 

Occurrence. The ores of gold differ con- 
spicuously from those of all other metals in the 
extremely small proportion of the metal sought to 
tho amount of yalueless material, or “ guhguc,” 
accompanying it. Practically all gold deposits now 
worked contain not more than from one part of gold 
in from 70,000 to 100,000 parts. Cold is found in 
tho metallic or native state (generally alloyed with 
other metals), and in combination with tellurium. 

Native gold usually contains silver, and some- 
times copper, iron, bismuth, platinum, palladium, 
or rhodium. Silver occurs, both free (mixed with 
gold, mercury, or copper) and in combinations 
which differ so considerably that the metallurgy of 
the metal is very complex. Silver is also a valuable 
constituent of galena, zinc-blende, most of the 
pyrites, and of some copper ores, though the per- 
centage is very small (up to I per cent, compared 
with from GO per cent, to 87 per cent, in the case 
of the ores). 

Extraction Processes- Gold may be 
extracted from its ores either by simplo washing 
(in tho case of native gold) or by metallurgical 
processes, when it is amalgamated with mercury, 
or alloyed with lead, silver, or copper, or is brought 
into solution. The metal is obtained from mercury 
alloys by distillation ; from lead or lead-silver 
alloys by oupellation ; from silver or silver-copper 
alloys by solution in acid ; and from weak cyanide 
or chloride solutions by precipitation with ferrous 
sulphate, charcoal, or zinc, or by electrolysis. 

The Siemens-Halske electrolytic method is now 
largely employed. The double cyanide solution is 
electrolysed fn iron tanks between lead oat bodes 
and Iron anodes, and the gold recovered from the 
cathodes by oupellation. 

Silver is obtained from its ores by amalgamation, 
by the formation of a lead alloy, or by solution 
processes [see page 4303]. 

'Amalgamation. Amalgamation, the combina- 
tion of gold or silver with mercury, is the cheapest, 
simplest and most generally used method of ex- 
tracting these metals. It is the basis of hydraulic 
old mining [see page 2959], and of tho stamp- 
attery process [see pages 3770 and 4303]. In 
Mexico the old processes of crushing and amalga- 
mating gold ana silver ores in arrastra s (revolving 
stamp-mills driven, by mules) and heaps (patio 
process) are still carried on. The processes are 
lengthy and wasteful of mercury, but they extract 
a greater percentage of metal than any other known 


method. Electricity has displaced mules in at, 
least one Mexican mill. 

In stamp- battery amalgamation the amalgam 
settles in the corners of tho mortars, or on amalga- 
mated copper plates on the inner sides of the 
mortar. The pulp escaping from (ho mill is made 
to flow over amalgamated copper plates to catch 
any free gold or amalgam passing over. 

The amalgam is removed from the plates by 
means of blunt knives followed by scraping with 
pieces of hard rubber. 

Purification and Filtration. The 

amalgam removed from tho outside plates in a 
battery is usually dean and stiff enough to be 
retorted without any further treatment. But 
gold amalgam obtained from the inside of the 
mortar, and from the treatment of concentrates, 
etc., frequently contains sand, pyrites, and other 
impurities, from which it must l>o cleansed, while 
the gold amalgam produced in hydraulic operations, 
and all silver amalgams, contain excess of mercury. 

In small mills the cleansing is done by hand- 
grinding the, amalgam in a mortar with water until 
it is reduced to a thin liquid, a scum being obtained, 
which is skimmed off and reground with more 
mercury. In large mills mechanical clcan-up pans 
are used. Tho Knox and Berdan pans are the two 
commonly used pans. Tho Knox (page 4304] is 
similar to the silver amalgamating pan, and nets 
on the principle of agitating tho dirty amalgam 
with water, so that the impurities form a scum on 
the surface. In tho Berdan pail, the pan. inclined 
at an angle, itself revolves, and impurities are 
washed over the lower edge by a jet of water, 
grinding being effected by a freely moving ball. 

Excess of mercury is separated from the amalgam 
by filtration through a conical canvas or chamois 
leather filter-bag [i], supported on an iron stand, 
and holding about- 12 cwt. of amalgam. The 
weight of the amalgam is sufficient to force the 
greater portion of the mercury through tho bag. 
If, as is sometimes done, air pressure is applied, 
more mercury is expressed, but it is richer in gold 
or silver. Hand-squeezing of the filter-bag by 
twisting it in water contained in a mercury pan 
is still considerably employed. 

The solid amalgam removed from the filters 
may contain from 20 per cent, to 22 per cent, of 
silver, or about 40 per cent, of gold, in the case of 
single metal amalgams, and from 30 per cent, to 
45 per cent, of gold and silver, where, as is usual, 
both metals are present-. 

Retorting- Gold and silver are recovered 
from the amalgam by distillation. Two kinds of 
retort are used for this purpose— the pot-shaped 
[2], much used in America, and the horizontal 
cylinder [31. The pasty amalgam is kneaded into 
balls or cakes. In the horizontal retort the balls 
of amalgam are separated by iron divisions or by 
the ash of sheets of notepaper. 

Adherence of gold or silver to the sides of tho 
retort is prevented by a layer of chalk or whiting, 
or by the ash of sheets of paper. The mercury is 
condensed in tho usual manner by water-cooled 
tube?. The metal obtained is spongy and porous, 
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and varies from 500 to 950 fine in gold, the remainder 
being silver and the base metals. It is melted down 
with fluxes, east into bars, and then becomes 
“ bullion ” ready to be refined. This is usually 
the termination of the mine works operations, and 
the bullion is sold to refiners for further treatment. 

Preliminary Refining. Gold and silver 
alloy in oil proportions so that practically ail 
bullion contains both, and refining operations are 
conducted with a view to their ultimate separation, 
which is effected by “ parting.” 

Base metals and other impurities are partly 
removed by a rough refining process at a 
'preliminary melting of the bullion, but the extent 
‘of it is limited by the fact that the molten oxides 
formed rapidly corrode the crucibles. The cruci- 
bles used are of day or graphite. Tim crucible is 
first raised to a red heat, a spoonful or two of 
borax is thrown in as a flux, and the bullion is then fed 
in by means of a hand shoot. If the bullion is of 
high purity only a very little sodium carbonate or 
nitre is added and the resulting slag is poured off 
with the metal. 

But if it he base, partial refinement is effected 
by adding more borax and nitre, and also bone ash 
to absorb the oxides formed. If much lead is 
present, sal ammoniac is added at intervals alternate 
with nitre. Antimony or arsenic are removed as 
iron salts by stirring with an iron bar, and using but 
little nitre. 

One hundred years ago it was proved that when 
bismuth, lead, antimony, or arsenic are present 
in gold in proportions as small ns , the gold 
is brittle and unfit for coinage. The further treat- 
ment thus sometimes necessary is called toughen- 
ing t and is effected by converting the contaminants 
into their volatile chlorides, either by sprinkling 
ammonium and mercuric chlorides on the melt, 
or by forcing chlorine gas through it (Miller's 
process). The Mint chemist recommends the use 
of oxygen for toughening. 

The charge is then rendered homogeneous by 
stirring with a red-hot annealed graphite bar. 
In the bottom of the ingot mould is placed a little 
non-vo-lal ile oil, which burns on the top of the gold 
and prevents tarnishing. 

Electrolytic Refining. In electrolytic 
refining of copper and silver by the appropriate 
processes practically all the silver and gold, or the 
gold alone, are left in the anode slime, from which 
they arc readily recovered. Gold, however, cannot 
be electrically separated from a cyanide solution 
containing silver, copper, etc., because these metals 
are eo-deposited therefrom ; but an electrolytic 
method devised by Wohlwill haR been successfully 
used in Germany. The electrolyte is a hot acid 
solution of gold chloride, and a smooth deposit of 
gold, assaying over 99*9 per cent, pure, is obtained. 
All the foreign metals of the anode pass into solution, 
except those of the iridium group, which remain 
unattacked, and silver, which forms its chloride : 
platinum and palladium accumulate in the bath, 
being removed at long intervals by precipitation. 
The process is thus particularly appropriate to gold 
alloys of platinum. 

Silver, over 99 9 per cent, pure, is electrolytieally 
obtained by Moebius’s process from east crude 
anodes of tlore silver in a half per cent, bath of 
silver nitrate made slightly acid. The cathode is 
an endless revolving band of thin rolled silver 
upon which the metal is deposited in a pulvercnt 
and non-coherent condition, and automatically 
removed by contact at one end with a moving 
belt. The gold is recovered from the anode slime. 
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Refining by Cupellation. As explained 
above, the rough refining operations included 
in the melting of the metal before, casting are 
limited in extent, and bullion containing considerable 
quantities of contaminating metallic oxides must 
be treated to “ cupellation,” a process of great 
antiquity, by means of which pure gold or, more 
frequently, a pure alloy of silver and gold, is ob- 
tained. It is also the principal refining operation 
applied to the product of the lead-alloying gold 
or silver extraction process. Its principle consists 
in the fact that molten lead monoxide (litharge) 
dissolves any metallic oxide which maybe in contact 
with it. The separation of the litharge solution of 
oxides, thus obtained, from the pure noble metals 
which do not oxidise is effected by taking advantage 
of the property of bone ash of absorbing molten 
litharge, including its solutes, while remaining 
impermeable to the unoxidised metals. In practice 
this is achieved by making a shallow vessel of com- 
pressed bone ash, called a “cupel,” from well-bumf, 
sifted ashes of sheep or horse hones mixed with a 
small proportion of fern or pearl ashes, and mois- 
tened sufficiently to bind on pressure. An oval 
vessel [ 4 ] of from 4 ft. to 5 ft. long, and 2 1 ft. to 3 ft. 
wide, with a depth of about 2} in., may be used in 
large operaf ions, with wallsof from 2 in. to 3 in. t hi k, 
one end being made 1 2 in. or 13 in. thick. Frequently 
the bed of a reverberatory furnace itself is used, a 
layer of bone ash, or, more frequently in large, 
works, a mixture of crushed limestone and clay, 
being placed thereon. The cupel is placed in a 
reverberatory furnace, and, when red-hot, molten 
bullion and lead are ladled in. The cupel soon 
becomes saturated with the litharge oxide solu- 
tion which flows to the side, and an air-blast 
is then turned on 1o force the litharge towards 
the thickened end of the cupel, across the surface 
of which a channel is cut. The litharge runs over 
into an iron pot, more molten lead or lead alloy 
being added as litharge is removed. In this way six 
or more tons of lead ajloy may be refined in one 
cupel. Onlv traces of the precious metal are carried 
into the hone ash by the litharge. 

Although gold is not accounted volatile, volatilisa- 
tion losses in cupellation may amount to 0‘5 percent. 
They are diminished by the presence of silver, and 
increased by copper. The cupels used arc re- 
powdered and gold and silver recovered. 

Parting. The final operation of separating 
the silver and gold is known as “ parting.” The old 
process of parting with nitric acid was known as 
“ qunrtation ” or “ inquartation,” because the alloy 
refined was made up to 3 parts of silver and 1 of gold. 
It is still the process used in assaying and is described 
in that connection ; but it is not otherwise used on 
account of the cost of the acid. 

Sulphuric acid is now generally employed in 
large refining operations. Copper and silver are 
converted into their sulphates by hot concen- 
trated sulphuric acid, while gold is unattacked. 
In this process the gold (and copper, if any) 
present must not exceed one-fifth of the total alloy; 
80 to 95 per cent, of silver being required, and 
these proportions are made up, if necessary, by 
adding silver before cupellation or melting. 

The alloy is granulated and boiled with con- 
centrated sulphuric acid in a platinum, white pig- 
iron [6], or clay-coated porcelain vessel. When 
action ceases, a little weaker acid is added and the. 
alloy again boiled. The liquid containing sulphates 
is then decanted off, and the gold (which may again 
be treated with acid) washed, melted, and cast into 
ingots. The gold thus obtained is 997 to 998 fine. 
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The AJftl sulphates liquor is poured 
fcito a leaden vat containing water 
and copper turnings, and heated. 

Cupric sulphate is formed, and the 
precipitated silver is collected, re- 
peatedly washed, and cast into ingots. 

The sale of the by-produots (copper 
sulphate and acid) more than covers 
the cost of the copper used. At San 
Francisco green vitriol (ferrous sul- 
phate) is used for reducing the silver 
sulphate. It is also reduced by 
moans of sheet copper. 

The process of parting gold and 
silver by converting the latter into 
its chloride, suggested by F. B. 

Miller and largely employed in the 
Australian mints, is referred to above. 

The bullion refined by this method 
contains originally from 3 per cent, to 
12 per cent, of silver; after refining 
it is 994 line. Australian gold is 
more or less brittle and the process is 
valuable for its toughening effects, as 
well as for its applicability to alloys 
containing but a small proportion of 
silver. 

Platinum. Platinum is » lus- 
trous, greyish -white, malleable, due 
tile metal, which is neither attacked 
by air nor acted upon by acids 
(except aqua rug in). It therefore has 
claims to be included as a noble 
metal, and as its market value (about 
£7 15s. per oz.) is higher Ilian that of 
gold, it is also a precious metal. At 
a red heat it may be welded, but 
cannot be melted by a temperature 
less than that- of the oxyhydrogen 
flame. It is oxidised by fused caustic 
alkalies, and is also attacked at high 
temperature by cyanides; Platinum 
and iridium were not known in 
ancient times. Platinum is extensively 
used in high-class jewellery. Gold and 
other platinum alloys are used in 
mechanical dentistry. 

Platinum ore contains what are 
known as the platinum metals — ruthenium, osmium, 
rhodium, iridium, palladium and platinum — in the 
metallic state. 'Hie most important sources are the 
western slopes of the Urals and the Altai Moun- 
tains. It is also found in alluvial deposits and 
Bands, chiefly in Brazil, Borneo, Fraser River (B.C.), 
California, and Australia. It consists of from 00 
per cent, to 80 per cent, of platinum. Osmiridium, 
a 30 per cent, to 40 per cent, osmium alloy, which 
is frequently found with it, is referred to below. 

Platinum is separated from osmiridium by diges- 
tion . with. aqua regia, and from this solution it is 
precipitated by adding sal ammoniac. The pre- 
cipitate is heated, treated with sal ammoniac 
to remove palladium and rhodium, and the resulting 
precipitate converted, by heating, into spongy 
platinum. 

Osmiridium, frequently present in Californian and 
Canadian gold, is usually not detected until after 
parting, when it is seen in bar gold as specks or 
clots distributed through the metal. It is removed 
by re-fusing the gold, when it settles and forms what 
19 * n °wn as a Tt bottom,” which is cut off and 
repeatedly re-melted with silver. The bottoms are 
off each time, gold being replaced by the silver, 
ft is finally separated by parting with aqua regia , 


when it is obtained as a black powder, which is sold 
for fountain-pen points at from 8s. to 20s. per oz. 

Assaying. The assay of the ores and bullion 
of gold is conducted in the dry way, but silver 
bullion is also assayed in the wet way. The same 
dry methods apply to gold and to silver ores, 
since the metals are very rarely found separate. 
The principle of the assay is very simple, but its 
details vary greatly with the nature of the ores. 

In the wet, or volumetric, process for silver 
assay the alloy is dissolved in nitric acid, and the 
silver estimated by the amount of a standard solu- 
tion of common salt required completely to pre- 
cipitate the silver nitrate as chloride. 

Assaying weights are a law unto themselves. 
No scientific work is now done with the cumbrous 
English system of weights, hut the custom still 
survives of expressing assay results in troy ounces 
per long English ton of 2,240 lb. avoirdupois, or 
short American ton of 2,000 lb. The metric system 
is rendered available by using a special weight 
called an ‘‘assay- ton” (A.T.) which bears to the 
ton the same proportion as the milligramme docs to 
the ounce troy, so that each milligramme found in a 
sample represents 1 oz. per ton of ore. For the long 
ton the A.T. equals 32,660 milligrammes. 
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Sampling. The value of the sample of ore, or 
other material taken for assay, must approach 
as nearly as possible the true average value of the 
whole of the' mine or material reported on. However 
great the accuracy of the assay, the result may be 
entirely negatived by careless or false sampling. 

Sampling gold ores is a particularly delicate 
matter. In a finely-powdered ore containing 5dwt. 
to the ton (a frequent proportion) a 1 milligramme 
partiticle of gold, about equal to the size of a full- 
stop, would possfbly be accompanied by 160,000 
similar sized particles of other substances. To get a 
correct sample of reasonable size of such a powder 
as 'this it is necessary to powder the ore more finely. 

A truo average sample is obtained in practice by 
automatic means. Sampling machines act either 
on the principle of continuously diverting a portion 
of a falling stream of broken ore or by diverting 
the entire ore stream at regular intervals. 

By this means a ton sample of ore, broken to the 
size of coffee-beans, will be reduced to about 20 lb., 
and is then ready for further treatment in the 
assay er’s office. There it is reduced in an iron in or tar 
and a bucking-plate [6] till it will pass through a 
sieve with 80 meshes to the inch. Then it is well 
mixed and spread in a heap, which is carefully divided 
into quarters, one quarter being taken and again 
quartered until a sample of the required weight is 
obtained. If “ mctallics ” — that is, pieces of gold of 
appreciable size — occur in the sample, they must 
be concentrated in a small portion by sifting, and 
assayed separately. 

Bullion is sampled by dipping from the melt, by 
drilling holes in ingots and talcing the turnings, or by 
removing pieces from opposite ends of the ingots. 

Crucible and Scorification Assays. 
Fusion of the ore sample in the clay crucible with 
from once to twice its weight of a flux containing, 
typically, litharge, sodium bicarbonate, borax, and 
tiour is adopted for ores of low gold value and for 
certain silver ores. The mixture is heated in a 
muffle or crucible-furnace until the charge is per- 
fectly liquid, when it is poured into a mould. The 
slag containing the impurities is removed from the 
resulting lead button in which the silver and gold are 
concentrated, and the button is cupelled. 

Scorification — that is, tho conversion of silica and 
other gangue constituents into scoria — differs from 
eupellation only in the fact that the litharge pro- 
duced is not absorbed by the vessel in which the 
operation is conducted, but forms a glassy slag. 
The scorifier [7] is a shallow dish of burned clay 
in which the ore sample, mixed with granulated lead 
and a little borax, is heated in a closed muffle 
furnace. When the lead is oxidised it dissolves tho 
non-motallic and oxidisable constituents, flowing 
to the side of the scorifier as a slag, while the gold 
and silver alloy with a part of the lead which 
remains in metallic state. A glassy, brittle slag is 
obtained, which separates cleanly from the lead 
button, leaving it ready for eupellation. 

Bullion Assay. If the composition of the 
alloy is entirely unknown, a preliminary assay is 
made to ascertain approximately the proportion of 
gold and silver, since (1) upon them depends tho 
amount of lead used in eupellation, and (2) the final 
“ parting” demands a definite ratio of silver with 
gold. Experienced assayers determine these 
quantities from the colour of a cupelled sample 
bead or of a streak upon the touchstone (Lydian 
stone, a silicified wood). The sample taken is 
flattened, adjusted to an exact weight by filing, 
and then weighed with great accuracy on a very 
delicate assay balance. It is then wrapped in the 


required amount of lead foil (eight times for 
standard gold), with silver equal to twice the weight 
of gold present. This proportion was first used in 
1627, and was reverted to in 1906 by the Royal 
Mint after 50 years’ disuse. 

Cupellation and Parting. The principle* 
of eupellation have already been explained. Tho 
cupel [8] used in ore assays is about 1 in. in diameter 
by £ in. high. At the Mint a special form [9] is 
used, so that 72 assays may be cupelled at one time. 
Eighteen square bone-ash blocks — -for exarnpl*, 
with four cupel hollows — are used, fitting into a 
special mufflle furnace [10] with a floor space of 
6 in. by 12 in. 

At the completion of eupellation, when the alloy 
bead is uncovered a sudden brightening of the bead 
is noticed at the moment of solidification, called 
“ flashing ” (duo to the release of the latent heat 
of fusing). This is useful not only as a help in finding 
a minute bead, but also because it affords a mean?* 
of ascertaining whether iridium, osmium, rhodium, 
or ruthenium are present, since these troublesome 
metals entirely prevent the phenomenon. In the 
case of pure silver this is the last of the operations, 
and the button can be directly weighed. 

At the Mint the button [11 A] of silver and gold 
is flattened by hammering [11B], annealed, and 
passed through laminating rolls until it is tlu* 
thickness of a visiting card [110]. It is again 
annealed, and rolled into a spiral [111)] called a 
“ cornet.” These are matters of some skill, for small 
particles may easily be lost by cracks or roughness 
of the cornets. Tho comets are first boiled with puro 
strong nitric acid [S.G. — 1*2] in glass parting vessels 
[12]. At tho Mint there are used platinum trays, 
on each of which 144 platinum cups containing 
comets are placed, the whole being lowered into * 
platinum boiling vessel containing the acid at 90° C. 
The cornets are next washed with distilled water, and 
again boiled with stronger acid, repeatedly washed, 
dried, annealed, and carefully weighed. 

Check assays are always made on puro gold to 
supply the correction necessary for the losses by 
volatilisation, eupellation, and acid solution. Tin 
gold finally obtained contains from 0*05 to 0*1 pe« 
cent, of silver. Mint weighings are now reported 
correct within 0*05 in 1,000. 

Coinage. At an early stage in tho history of 
civilisation it became necessary to have a definite 
medium of exchange. Metals, from their durability 
and portability, were very early in use, and gold and 
silver came naturally to be chosen from their in- 
trinsic value. Reasons for the choice of gold, which 
partly apply to silver, are that it is too widespread 
to be lianle to “cornering,” as precious stones might 
be ; that it is unalterable by time or ordinary 
chemical agents; that, wherever found, it is the 
same substance (unlike stones, which have faults 
not easily detected); that its value is the same 
whatever the size of particular pieces (the carat of 
diamond increases in value with the size of the stone) ; 
and, finally, though soft, it is readily made hard- 
wearing. Primitive payments were by weight, and 
this custom survives in our “ pound,” which wa? 
first a pound avoirdupois of sterling silver, while thr 
penny was the weight in copper which we call a 
pennyweight. 

Coinage has always been a regal privilege and 
mints date from tho Anglo-Saxon period. In former 
times coining was carried out by contract with the 
Master of the Mint, but the heaa of the department 
on Tower Hill is now the Chancellor of the Ex- 
chequer, a deputy master being the permanent 
official. 
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Branch mints are established at Sydney, Mel- 
bourne, Perth, Calcutta, Bombay, and Ottawa, to 
supply their respective countries. Great Britain 
and the rest of the Colonies are supplied from the 
English Mint. The coins now struck are : 

Gold : £5, £2, £1, 10s. 

Silver : 5s., 2s. 6d., 2s., Is., 6d., 3d. : and the 
Maundy money, 4d., 2d., Id. 

Bronze : Id., Jd., Jd. 

The gold coins arc j K pure gold and alloy 
by statute, and have been so uninterruptedly since 
the reign of Charles II. James I. debased the gold 
coinage to ** pure gold for revenue purposes. 
The silver is fine and alloy. The bronze is a 
mixed metal of copper, tin, and zinc. 

“ Trial ” and “ Remedy.” When coins 
wore made by contract it was necessary lo ascertain 
periodically that the contract conditions were kept. 
This was called the “trial of the pyx,” and it is still 
maintained with but little, change. Finished coins 
are delivered in “journey weights,” the supposed 
daily manufacture when coining was a hand process 
-15 lb. troy of gold (701 sovereigns), and 00 lb. troy 
of silver. From each of these deliveries one coin 
is taken and deposited in the “ pyx,” or chest, from 
which the annual trial derives its name. It is con- 
ducted in tho presence of the King’s Remembrancer 
by a jury of freemen of the Goldsmiths’ Company, 
the coins being assayed against pieces cut from 
standard trial plates. 

Variation in weight and constitution of coins 
from tho standard fixed by law is permitted on 
account of the impossibility at ‘present of ensuring 
an exact admixture of metals. It is called the 
“ remedy,” and is permitted to the extent of 2 
and ]•(’> parts per 1,000 for gold, and 4 and 4 ‘17 for 
silver for fineness and weight respectively. Since 
a variation of / 0 of 1 part per 1,000 in the case of gold 
means a gain or loss of about £100 in a million ster- 
ling — its importance will be realised. In gold coins, 
however, a greater deficit, or excess, of from 0*3 to 
0*4 per 1,000 is rarely met with. The legal stand- 
ard is 916*6 parts per 1,000. The limit of weight 
variation for bronze coins is 20 parts per 1,000. 

Light Coins. In the 1903 report of the Deputy 
Master of the Mint, Dr. Rose, the Mint chemist, 
stated that the average circulation life of the sove- 
reign is 27 years, and of the half-sovereign 17 years. 
The coin has then lost by wear so much weight and 
fineness that it is legally uncurrent. Since the 
nominal and real values of gold coins are the same, 
this represents a considerable loss to the holders. 
In 1873 it was estimated that the loss on light coins 
in circulation from deficiency in gold amounted 
to about £650,000. The withdrawal of light gold 
coinage lias been effected at intervals by raising 
the ordinary Mint purchasing price for light gold 
from £3 17s. 6£d., to the full statute Mint value of 
£3 17s. lOjd. per oz. Since the passing of the 1891 
Coinage Act nearly £50,000,000 of light gold coins 
have been withdrawn by exchange at face value. In 
the case of silver these losses are covered by 
“ fleignorage,” the difference between the real ami 
nominal values of tho coins. The yearly silver loss 
average for the decade 1896-1905, was over £35,000. 

Coining Operations. In the early days of 
hand coining, cast bars of metal were hammered 
down to the required thickness, and tho coins were 
cut therefrom with shears, the device being 
impressed by means of a hammer blow on a die. 
Now, however, the greatest earo is taken, not only 
in the production of pure and accurate discs of tho 
metals, but in the' fineness of the alloy of base and 
precious metals used. 


Tho Mint assay, melting and toughening operations 
for gold and silver havo been described. The first 
operation now to be considered is the rolling of the 
oast bars into strips or “ fillets.” Tho manufac- 
turing details for gold, silver and bronze coins 
arc not materially different, and the sovereign will 
be taken ns the typo. The bar of gold, J in. thick, 
is reduced by successive rollings (with frequent 
annealings to counteract the hardening effect) to the 
thickness of a sovereign. The accuracy of tho 
thickness is tested by means of a gauge plate con- 
sisting of two steel bars set at a small angle grad- 
uated to TT i l otf of an inch. For half-sovereigns a 
variation of T 0 \, 0 of an inch would more Ilian account 
for the “ remedy ” allowed. The fillets are next 
tested by a “ trycr,” who cuts from them trial blanks, 
and by weighing on a delicate balance, classifies 
the fillets according to their weights. 

Blanks for coins are punched in double rows 
from the fillets by cutting machines acting on the 
principle of the ordinary paper-punch. Bronze, 
coins are cut five at a stroke. Slightly larger cutters 
are used for those fillets which have been classified 
as light, and vice versa. Tho cut fillets, now known 
as scisset , equal from 25 to 30 per cent, of the 
original metal and are re-melted. So far it has not 
been found practicable to cut blanks from rods of 
metal, though such a method would represent 
a considerable* economy. 

In some mints the blank is adjusted to the re- 
quired weight, but in London the finished coin alone 
is weighed, and the blanks arc next thickened 
at the edge by rolling for the protection of the 
impression on the coin. 

Coining and Automatic Weighing. 

The actual coining operation consists of placing the 
blank Iretween two engraved dies in a press, the 
upper die being brought clown upon it with con- 
siderable force. A collar surrounds the dies during 
the stamping to keep tho blank in position, and, 
by means of cutting edges inside, to produce the 
milled edge. The coin is then driven down a 
delivery shoot by the succeeding blank. Ninety 
coins a minute are produced. 

The concluding operation is the automatic weigh- 
ing of each coin by a set of wonderful machines 
winch infallibly distinguish between “light,” 
“ heavy,” and ” good ” coins. The coins are fed 
in through a hopper, and received singly on the plate 
of a balance beam, one arm of which is weighted 
according to the coin tested. Rods raised by cams 
then release both ends of the beam and, if the coin 
is “ light,” the plate-end of the beam rises ; if it is 
“ heavy,” the weighted end rises ; if “ good ” tho 
beam remains practically horizontal. These move- 
ments of the beam govern the action of levers that 
determine into which of three orifices a delivery 
shoot, free to move by being hung on pivots, 
shall deliver the tested coin. The mouth of the 
shoot is directly in front of the balance-plate, tho 
coin being driven into it by the coin next behind it. 

Precious Stone9. The beauty and durability 
of form and colour of precious stones, and wonder 
at their physical pro]>erties, have always caused 
them to rank with the highest objects of human 
desire since their discovery in the East thousands 
of years ago. They arc the centre of a great volume 
of romance and tragedy, and have induced the worst 
of human passions and crimes as well as tho highest 
artistic expression. Mythology and history are 
so intermingled that it is impossible here to deal 
historically with them. In many cases identity 
itself has been lost. The famous Great Mogul has 
not been identified since 1739. It is said that the 
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“ Orloff,” the diamond set in the Imperial Russian 
sceptre, is the Great Mogul re-eut, or even that 
the Koh-i-noor, the diamond presented to Queen 
Victoria, is a picco cleaved off it in re-cutting. 

Definition. Precious stones aro not easy to 
define, for their preciousness is in part dependent 
upon caprice, time and place. Some writers make 
three classes precious,” “ semi-precious,” and 
“ common ” : but this is not a stable classification. 
For practical purposes precious stones may be taken 
to be those mineral stones (and an animal product, 
the pearl) which possess beauty, durability, and 
rarity, qualities which may be described respectively 
as necessary, important, and desirable. 

Formation and Location. Most of the 
minerals included under our definition are crystal- 
line. Wherever crystals are found in Nature they 
most be the results of solidification from solution or 
fusion, and it is generally agreed that the hard gem- 
stones have crystallised from fusion under pressures 
compared with which the mightiest forces man can 
control aro negligible. For theoretical considera- 
tions of this crystallisation process, reference 
should bo made to the course on Geology. 

Precious stones are frequently and commonly 
found in association with the precious metals, 
but they aro by no means confined to special 
localities. They are, however, most abundant iu 
India, Burma, Ceylon, South Africa, Australia, 
Borneo, Siberia, and some of the Western American 
States. The most valuable stones are found in the 
older geological rocks — granite, gneiss, porphyry, 
mica schist, and limestone, embedded in or pro- 
truding from their bed, which, in this caso, is the 
“primitive’* bed of the geologists. Many are 
found in “ derivative ” deposits — alluvial gravels 
and sands — having been washed from their beds 
by rains and rivers. 

Optical Properties. Gem stones are most 
conveniently investigated by means of their optical 
properties. The surface lustre of stones may be 
metallic, adamantine (for instance, diamond), resi- 
nous (garnet), vitreous (emerald), waxy (turquoise), 
pearly (moonstone), or silky (crocidolite). In most 
stones it is splendent, reflecting a sharp image, but 
the turquoise and one or two others are somewhat 
dull. To light, stones maybe transparent (diamond), 
translucent (opal), opalescent (moonstone), chato- 
yant (cat’s-eye), or opaque (agate). Stones of the 
“ first water ” are those of the highest degree of 
transparency, with no trace of colour. 

Refraction [set; Physics] varies with the species 
greatly, and affords important evidence of identity. 
The diamond, spinel, and garnet, belonging to the 
cubic system of crystals, are singly-refracting. 
Most precious stones doubly refract, and have 
accordingly two refractive indices. These vary 
somewhat in the same stone, but tho following 
abridged list of indices, calculated with sodium 
light and with air as unity, is fairly representative : 


Diamond 
Zircon ... 
Precious garnet 
Ruby . . 
Chrysoberyl . . 
Peridot 


2*417 Tourmaline .. 1*642 

1*950 Flint glass .. 1*619 

1*810 Beryl .. 1*575 

1 *779 Rock crystal . . 1 *549 

1*748 Crown glass .. 1*524 

1*659 . Water .. 1*336 


«*■ v * *«vv • i a vr tuvi » • x 

All doubly-refracting crystals, in virtue of this 
property, also polarise light transmitted through 
them [see Light in the course Physios]. Those 
which also show that play of prismatic hues called 
fire (most evident in the singly-refracting 
diamond) do so because they also slightly disperse 
the colour rays composing white light. In this case 
the two images produced by the double refraction 
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are of different colours, and tho crystal is said to be 
dichroic or pleochroic . In tho tourmaline and in 
iolite (a rare Ceylon stone) this dichroism is 
very conspicuous, but with most stones a dichroi- 
scope is needed to discern it. The dichroiscojie 
consists essentially of a Niool’s prism (Iceland spar), 
by which the light which is transmitted through a 
crystal is analysed, and its polarisation and 
dispersion rendered evident. 

Mechanical Properties. One of the 
oldest methods of identifying precious stones is by 
testing their hardness ; but many valuable stones 
have been destroyed through a confusion between 
hardness and brittleness. The hardness of minerals 
is measured by an arbitrary scale devised by Mohs, 
the degrees being the respective hardness of the 
following, in order from 10 to 1 : diamond, sapphire, 
topaz, quartz, felspar, apatite, or glass, fluorspar, 
caloite, gypsum, and talc. Fragments of these 
minerals are used to determine, by Scratching, the 
hardness of a stone. A hard steel knife is about 
6 degrees. The values of the degrees vary greatly. 
For instance, the difference between the degrees 
10 and 9 is much greater than between 9 and 8. 

The specific gravity of precious stones varies very 
considerably, and its determination is the most 
general method of discrimination. It is referred to 
below in this connection. The heaviest stone is the 
zircon, tho density of which varies, according to the 
colour variety, from 3*98 to 4*75. Tho lightest is 
perhaps the opal, 2*20. 

Colours of Stones. Similar species of 
stones, practically identical in composition, present 
great varieties in colour. These variations arc 
shown in tables given below for identification 
purposes. Tho colouring matter is generally one 
or more metallic oxides, frequently iron oxide, when 
the colour is said to vary with the number of 
molecules of oxygen in the oxide. But the whole 
matter is obscure, for the proportion of the con- 
stituents which determines the colour of a atom', 
and consequently its value, is often too small for 
its nature to be revealed by chemical analysis. 

Tho colour of stones can be, and is frequently for 
market purposes, changed by heating. The corun- 
dums can be strongly heated with safety, pale blue 
and yellow stones becoming colourless. Inferior 
purple oriental amethysts are changed by heating 
to a beautiful pink or rose colour. Most of the 
coloured zircons lose or change their hue by heating: 
some become quite colourless, others change from 
brown or red to a dull green. Cloudy spots iu 
rubies or jargoons may sometimes be' removed by 
heating. Some stones are porous — such as agates 
and turquoises — and dyeing them is carried on as a 
regular industry. They contain microscopic cavities, 
which add to their brilliancy by internal reflection. 
The agate is blued by steeping it first in a solution 
of yellow prussia te of potash and then in a ferrie 
salt-, whereby a precipitate of Prussian blue is 
obtained within the stone. 

Imitation Stones. “ Paste *’ stones are 
usually made of atrasa , a fused mixture of a dense 
fusible glass with a large proportion of oxide of lead, 
some calcined potash, and a little borax and arseniou- 
acid. They are coloured with metallic oxides. The 
product is a brilliant refracting and dispersing glass ol 
a specific gravity nearly equal to that of the diamond . 
For an amethyst imitation, manganese and cobalt 
oxides maybe used ; for emerald, glass of antimony 
and copper carbonate; ruby, manganese dioxide: 
topaz, glass of antimony and purple of Cassius. 

The test which practically all of them fail to pas< 
is the file ; some can even bo scratched with gh^ s 



itself. Further, they show no dichroism (being 
non-crystalline), are heavier than the stones they 
represent, and contain specks and air bubbles 
visible with ft liand-magnifier. 

Doublets and triplets are false stones in which a 
valueless pale or colourless stone is given an appear- 
ance of a fine deep colour by backing it with a piece 
of deeply coloured glass or strass. Foiling is a 
legitimate means of increasing the beauty of a fine 
but pale stone ; but in a doublet only the upper 
part, and in a triplet the upper and lower parts, are 
genuine stones, the cemented joint being in either 
case at the girdle of the stone, which is generally 
covered by the setting. The doublet is detected 
by scratching the base, while if the triplet is 
immersed in water its three layers become visible. 

Imitation pearls are small globes of opalescent 
glass, which are coated, with essence d’Orient, a 
preparation of the scales of a tiny fish — the bleak. 
An iridescent effect is produced by heating (hem 
under pressure with hydrochloric acid. 

Artificial Stones* Artificial stones are 
products more creditable and more successful than 
the imitation. Rubies and sapphires of consider- 
able size, and identical in form, density, and hardness 
with the natural corundums, have been largely made 
by crystallisation from fused alumina, with 
traces of chromium or other colouring oxides. 

Kxact details of the process arc not known. 

They an 1 distinguished only by microscopic 
examination, when it is seen that the cavities, 
which in the natural stone arc angular, arc 
in the artificial spherical. “ Reconstructed ” 
rubies and sapphires are built up from real 
small siones by fusion in the electric arc. Red 
spinel has also been successfully produced 
from fused alumina and magnesia dissolved in 
borioic acid. A linn* spinel, which has been sold 
for blue sapphire, is made, by fusing alumina 
and lime, tinctured with cobalt. Crystalline 
silica com pounds are produced by interaction 
of their components in the gaseous state. 

The most famous experiments in this con- 
nection are those of the late M. Henri 
Moissan, who crystallised carbon under great 
pressure into minute diamonds, the largest of 
which, however, has not a greater diameter 
than one-fiftieth of an inch. Molten iron dis- 
solves carbon, and if this solution he suddenly 
cooled a hard, rigid shell is formed, within 
which the carbon is thrown out of solut ion as 
the still liquid part cools. At the point of 
solidification, iron expands, and under the 
enormous internal pressure thus produced the 
carbon assumes the crystalline form. 

Identification. The need for means of 
determining the genuineness of precious 
stones; coexisted with the discovery of glass. 
Resides the expert knowledge which can be 
acquired only by experience in handling stones, 
there arc certain facts which supply most of the 
information necessary for identification. 
(Colour and hardness may not be sufficient. 
Among the “ colourless ” stones, for instance, 
the jargoon, tourmaline, and aquamarine all 
have approximately the same degree of hard- 
ness. Their specific gravities determine their 
identities. Chroism and the refractive index 
are the final physical tests. The Rbntgen rays 
have been used. Tests for mechanical properties 
are best made on unmounted stones. Faceted stones, 
however, may be scratched on the edge of the back 
corner of one of the bottom facets. Great caution is 
needed, for stones which cannot be scratched may be 
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chipped or broken. The hardness scale should be 
one through upwards. Glass imitations may be 
e tec ted by the fact that they do not scratch glass. 

The ordinary methods of finding sjicoific gravity 
arc given in the course on Physios. Those constantly 
handling stones use a more convenient method. A 
set of heavy liquids (usually six) of known densities, 
increasing from about 2*05 to 4 5 (stones vary from 
2*4 to 4*75) is used, and the specific gravity of a 
stone is sufficiently approximated by noting its be- 
haviour when immersed successively in the liquids. 
That liquid in which it floats is heavier, and that in 
which it sinks lighter, than the stone, and it is 
obvious that as the liquid approximates its density 
it will rise or sink more slowly. The liquids used are : 
the poisonous double nitrate of thallium and silver 
(fused at 70° C. — 4 ' 5 ; solution at 1 50 0. — ,‘Pf>), 
cadmium boro- tungstate solution ( — 3\‘l), methylene 
iod de saturated with iodofi rm ( 3*0), the same 

pure ( - 3*3), and diluted with toluene or benzene 
( - from 3’0 to 2*05). 

Porous stones, such as turquoise and agate, must 
not be immersed in these liquids. 

The tables following present the characteristics 
of stones in the order of their importance for 
identilie it ion: 


The third column gives specific gravities, and in 
the fifth “M” indicates monochroism, and “ D,” 
dichroism. 

Cutting and Polishing. The rough treat- 
ment to which most precious stones are subjected 
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Colour 

Naim*. 

s.o. 

'Ibmltif*. 

Chroism. 

* ( 

Jargoon (zircon) 

4 ‘OH 4*75 


M 

S 

Sapphire (corundum) 

3*1)7 4 *or> 

9 

M 

« ! 

Diamond 

3 *52-3 *53 

10 

tvr 

5 i 

Topaz (Brazilian) 
Tourmaline (acliroitc) 

3*0 -3*3 

8 

M 

Q I 

3 0 

7-7* 

M 

l 

Rock-crystal (quartz) 

2*65 

7 

j At 


Sapphire (corundum) . . 

,3 ‘07 -4*05 

9 

j Strongly T> 


Spinel 

3*0 3*7 

8 

i M 


Topaz (Brazilian) 

3 *5-3*4 

8 

Distinctly R 

W 

►J 

Bone turquoise (odon- 
tolite) 

3 *0-3*5 

5 


PQ 

Fluorspar 

3*0-3*25 

4 

Strongly D 


Tourmaline (indicolitc) 

3 ‘0-3*2 

7 * 

Strongly D 


Turquoise 

2*75 

6 



Aquamarine (beryl) 

2*01) 2*7 

7* -8 

Distinctly I) 


■ Jargoon and hyacinth 

4*05-4*70 

u 

Very 

£ 


faintly D 

G 

i Ruby, or pink sapphire 

3 3)7-4*05 

9 

Strongly I) 

'A ^ 

1 Garnet, (pyrope) 

3*70 -3 K0 

7-7* 

M 

a i 

Spinel (bains ruby) 

3 00 3*03 

8 

M 

B 

Topaz (Brazilian) 

3*54 3*50 

8 

Strongly D 

K ' 

Tourmaline 

3*02-3*1 

7-7* 

Strongly D 

S { 

Garnet (ahnandinc) 

4 *l-f3 ! 

7* 

M 

£ J 

£ I 

Sapphire (oriental ame- 
thyst) 

3*97-4*05 1 

1 

9 

! Strongly D 

* V 

Amethyst .. . 

2*05 j 

7 

Distinctly I) 


Jargoon (zircon) 

4*3-4*03 

7* 

Faintly I) 

SS 

Sapphire (oriental to- 
paz) : 

3*97-4*05 

9 

Faintly J) 

c 

Chrysoheryl 

3*05-3*78 j 

8* 

Distinctly D 

J ' 

Garnet (cinnamon stone) 

3*55-3*65 1 

7-7* 

At 

w 

Topaz (Brazilian) 

3*5-3*50 1 

8 

Distinctly D 


Chrysolite (olivine) 

3*3— 3*5 

0* 

1 Faintly D 


Scotch topaz (citrine, 
quartz) 

2*05 | 

7 

Faintly J) 

' 

Jargoon (zircon) 

3*98-4*1 i 

7* 

Faintly D 


Sapphire 

3*97-4*05 ; 

9 

Strongly D 


Demantoid ( Bohrovkn, 
garnet) ! 

3*83-3*85 ' 

| 

0 

At 

u 

w 

« 

Alexandrite (chryso- 

beryl) 

3*08-3*78 ! 

8* 

Strongly D 

o 

Peridot, (olivine) . . ; 

3 *3- 3 *5 

0J-7 

Faintly D 


Tourmaline 

3*1 

7-7* 

Strongly D 


Knierald 

2*70-2*71 

7 * -8 

Strongly 1) 


Aquamarine . . . . [ 

2*69-2*7 

7* -8 

Faintly D 
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in nature, and the genera) occurrence of flaws, as 
weir as the- development of their optical beauties 
necessitate cutting and polishing. Stones are either 
cut in facets or en caboehon. Transparent stones — 
with the exception of the garnet — are faceted to 
permit the full display of their refraction, chroism, 
and dispersion* upon which their beauty largely 
depends. The proportions vary in accordance with 
the optical constants for each species of stone. The 
‘ng are b 

The fust is reserved for the 


ipecieg 

principal forms of cutting are brilliant [18], stop or 
trap [15], and rose [16]. The fust is reserved for the 
real diamond, so that tho term is synonymous with 


diamond. The face is called the crown [13] and 
tho back tho 'pavilion or base 
(Ifl; there are usually 33 
facets in the former (the 
principal being the table), 
and 25 in the latter (the culet, 
or collet, and the pavilion are 
the principal). The step-cut 
is used for emeralds and other 
coloured stones. The rose- 
cut is the oldest form. The 
base may be flat or similar 
to the upper part. 

Translucent and opaque 
stones are cut en caoochun 
[17]. Tho garnet is cut some- 
what hollowed behind [18], for 
foiling; while for opals, the 
tallow- topped cabochon [19] 
is used. These forms art? 
almost essential to some 
stones, and they are con- 
venient for stones set in 
large objects, like vases, 
which are handled. 

In cutting, diamonds are 
first reduced to their required 
form, to remove defects and 
to rough out the facets, by 
splitting down their planes of 
cleavage. This is effected by 
a hammer blow on a knife 
placed in a slot cut by 
diamonds. They are faceted 
by rubbing two together 
(bruting), tixed on sticks 
with graver’s cement, tho 
dust being saved for cutting. Polishing is done 
on high-speed cast-iron or other metal wheels, with 
diamond dust ( botrl ) and olive oil, one facet at a 
time, the process being long. 

Softer stones are more easily cut. Soft stones 
are cut on a flat emery grinding lap. Diamond- 
boart or corundum, on a metal lap, is used for harder 
stones. Final jKdishes can Iks given on buffs, with 
fine emery, tripolite, rottenstono, putty powder, etc. 

It will l?e convenient to classify the various stones 
according to their chemical composition — the element 

(diamond), the compounds — oxides 

silicates, aluminates, phosphates — 
and the organic products. 

Diamond. Owing to its pre- 
eminent qualities, and partly* also to 
its comparative abundance, the 
diamond is the most important of 
the gems, though not the most 
costly, and it has been computed 
that 90 per cent, of the stones on the 
market are diamonds. It is the 
hardest, and has the highest 
refractive (2*419) and dispersive 20. 
powers, to which it owes its 
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FORMS OF CUT STONES 

13. Crown of brilliant 14. Pavilion of brilliant 
15. Stop-cut stone 1 6. Rose-cut stone 1 7. Oabochon- 
out stone 18. Hollow caboehon-eut stone 19. 
Tallow-topped cabochou-cut stone 


wonderful play of colours and fire. The. most im- 
portant sources are South Africa, Borneo, Brazil, 
New South Wales, Bahia, and India. The Cape 
industry originated with the historic discovery in 
1867, by a Dutch farmer’s child, of a rough pebble, 
which was sent to the Paris Exhibition of that year, 
and sold for £500. Thus were started the river 
diggings, which still produce the finest stones. The 
Kimberley workings originated in a somewhat 
similar find, in the mud walls of a Du Toit’s Pan 
farmhouse. From that time to the end of 1904 
it has been estimated that the value of the South 
African diamond exports has been not less than 
£85,000,000, one year (1903) 
alone equalling about 5.J 
millions sterling. 

The “yellow earth” and 
“ blue ground ” diamond- 
bearing material is a soff, 
soapy rock, a mixture of 
erupted and metamorphosed 
sedimentary rocks. In the 
Kimberley mines it occurs 
in vertical funnels about 200 
yards in diameter, and of 
unknown depth. It is 
“ weathered,” and a concen- 
trate of pebbles obtained by. 
crushing, washing, and screen- 
ing. This contains other 
stones — garnets, zircons, etc. 
— but owing to tho fact that 
diamonds are more easily 
oiled than wetted, while the 
great majority of tho 
minerals have the reverse 
property, the diamonds are 
readily separated by passing 
the concentrate over rock- 
ing cast-iron plates covered 
with a thick layer of grease. 
Oil is used for the same 
purpose. 

Much romance is con- 
nected with the famous 
diamonds of the world, which 
cannot be gone into here. 
The largest white diamond 
is the “ Cullinan ” [20], 

found in the Premier Mine, Pretoria, in January, 
1905. Its weight is 3,032 carats (nearly 1 J lb. troy), 
and its largest dimensions are about 4J in. by 
3^ in. It is a piece cleaved off a crystal four times 


its size. It is of exceptional 


, and has been 




optional purity, i 
valued at £500,000. It would probably be impos- 
sible to find a purchaser if it were cut as one stone. 
Beforo its discovery, the “ Excelsior,” weighing 
97 1 J carats, was the largest. 

Diamonds and other stones are sold by the carat, 
a weight which varies somewhat, but equals, in 
England, 3*168 grains, or 0*205 
gramme. It is divided into four 
diamond grains. Commercially, the 
finest diamonds are bluish-white, 
coming from tho Jagersfonteiu 
mines. “ Fancy ” stones — red, 
green, blue, pink, and violet (their 
value is in this order) — an* 
extremely rare, and a 1 carat 
red diamond has been sold for 
£800. “Gem stones” is a trade 
term confined to the fin est 
stones. Brilliants are stones cut 
with the full number of facet* 


CULLINAN DIAMOND 
One-fourth scale 
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and are mounted in open settings. The small stones 
generally known as diamonds are pieces cleaved 
off brilliants. They have only the crown facets 
and no base and are used in closed settings. 

Rubies, Sapphires, and Other Oxides. 

The oxides include the corundums, quartz, chal- 
cedony, and opal. Corundum (alumina, A1 „().,) 
is the chief constituent of the stones next to 
the diamond in hardness, stones varying optically 
and in colour as greatly as the ruby, sapphire, 
oriental amethyst, and oriental topaz, yet differing 
chemically only in respect to small proportions 
of metallic oxides, which do not, however, necessarily 
determine colour. 

Rubies and emeralds share the distinction of being 
the most costly stones. Rubies of the perfect 
pigeon-blood colour arc extremely rare, and practi- 
cally come only from Burma, where they are found 
in transparent crystals in limestone. The ruby- 
earth is called hi/rn, and is separated in rotary 
pans and pulsators. Rubies increase greatly in 
value with their size. A faultless 5-carat stone 
would probably sell for £3,000, while a similar 
diamond might not fetch more than £350. A line 
38-carat ruby was sold for £20,000. Chemical 
and artificial rubies and emeralds have, however, 
greatly affected the value of all but the finest 
stones. 

The finest sapphires an* a velvety, corn-flower blue, 
and come from Siam. 'They are very rare, but large 
sapphires are much less infrequent than largo rubies, 
and they are worth considerably less than diamonds. 
Though so hard, the sapphire was occasionally 
engraved ill Roman times. It lias always been a 
stone of great Racred interest. 

The varieties of amethyst, topaz, and emerald, 
known as oriental are violet, yellow, and green 
sj ipph ires n *s pec t i vely . 

Corundums occasionally show an opalescent six- 
ray star, due to intersecting striatums. These 
“ star-stones ” ure cut en cabochon [17J. 

Quartz (silica, Sj'0 2 ) includes a large number of 
stones which, chiefly because of their abundance, can 
hardly be termed previous, except the amethyst. 
The purest form is rock crystal. The amethyst 
owes much, of its beauty to its peculiar rippled 
structure, its dichroism, and its deep purple hue. 

Other varities of quartz are chalcedony (known as 
agate and ovyx when in different layers of different 
colours, and chrysof.rase when green) ; catVeye, a 
vitreous stone with opalescence duo to fibres of 
asbestos, from Ceylon ; cairngorm, a smoky-yellow 
to brown Scotch stone ; and jasper, an opaque rod, 
green or yellow stone. The Scotch topaz is yellow 
quartz. 

r l he Previous Opal is the only gem opal, and is 
distinguished by its wonderful play of the most 
brilliant colours, from a milky bed, red predomi- 
nating. This is entirely due to the mechanical fact 
of st nation. It is essentially silica, but differs from 
quartz in that it is non-crystalline, and contains com- 
bined water. Hungary and Queensland supply the 
finest noble opals. Fire opals come from Mexico. 

Aluminates are represented by spinel (mag- 
nesium aluminate, ALO ; ,.MgO), and chrysoberyl 
(beryllium aluminate, Al 2 0 ; ,.BeO). Spinels are of 
all the colours of the spectrum, are important 
because of their hardness [ 8 ], but tack refraction, 
dispersion, and pleochroism. The balas ruby is a 
rod spinel. , ■» 

Chrysoberyl includes true cat’s-eye (yellowish* 
green, with whitish chatoyancy), oriental chrysolite, 
aad alexandrite (a Ceylon stone of leaf or olive- 
* reen , appearing red by lamplight). 


Most of the precious stones arc grouped under the 
somewhat indefinite heading “Silicates” — that is, 
these can bo regarded as chemically derived from 
silicic acid. 

Emerald and Zircon. The precious beryl 
is a silicate of beryllium and aluminium (3Be(). 
A1 ..O.j.tiSiO.J, and is represented by the emerald , 
the second most valuable stone, and the aqua- 
marine. No stone, perhaps, is more unequal in 
value than the emerald. Stones of the deep, rich, 
velvety green, which is prized, are very rare indeed. 
Their beauty is probably due to a chromium salt. 
They came from Egypt in ancient times, but are 
now obtained only from the famous Muzo mines of 
Colombia. Emeralds are also found in the Urals 
and New South Wales. 

The Aquamarine is a pale sea-green or blue 
variety, from Brazil, much less prized, often flawless, 
though of considerable size. An emperor of Brazil 
had one weighing 225 oaf. troy, without flaw. 

Common muddy crystals of beryl are often found 
of groat weight. One from New Hampshire, U.S., 
weighed nearly 2.1 tons. 

Many varieties of zircon (ZrSiO,) arc lovely 
stones, particularly those of reddish and brownish 
tints, the true hyuu’nfh , and the true jacinth. 
The colourless yellow and green stones are jargoons, 
which have almost the fire of the diamond, share 
with it a brilliant adamantine lustre, and exhibit 
many rich and delicate hues. The jargoon is the 
hen vies t precious stone, and the density varies with 
the colour in a greater degree than in any other 
stone. (’ey Ion supplies the finest colourless 
zircons, which are frequently used as diamond 
substitutes. Hyacinths arc found at Expailles, in 
Auvergne. These stones are not very valuable, 20s. 
a carat being a record price. 

Garnet and Topaz. There are a largo 
number of garnets, differing greatly in colour, 
density and hardness, but erystallographieully 
similar (cubic system), and of the general chemical 
formula 3$i0,,.R. J 0.|.3M0. The moro important 
are here noted. 

The Precious Garnet (3Si0 2 .AI 2 0 ; ,.3Fe0) or 
Almandine (called carbuncle when cut en cabochon 
[ 18 ] ), is purple violet to a reddish brown. Cinna- 
mon-stone or Hessonite (3Si().,.Al..().,.3( 1 rtO), in- 
correctly called hyacinth, is a Ceylon stone of a 
deep honey-yellow with a red tinge. Pyrope , or 
Bohemian garnet, is very variable in composition, 
but is essentially 3Si0 2 .AU0 ; ,.3Fe0.Mg0. It is 
usually a dee]) blood-rod, but is inferior in all 
respects to the ruby. Bohemia, New Mexico and 
•South Africa are its sources. The. Iiobrovka 
Garnet or Deman toid (approximately 3Si() 2 .Fe 2 0 !t . 
3 CaO), wrongly called olivine and Uralian emerald, 
is popular owing to the similarity in colour to the 
emerald. It has brilliancy and fire, but is somewhat 
soft. The true Olivine species includes the greenish- 
yellow chrysolite and the pistachio-green peridot, 
or evening emerald (containing Si() 2 , MgO, and 
FeO), a soft stone, frequently engraved, coming 
from Egypt. What is usually called olivine by 
jewellers is the given garnet, the demnntoid. 

Topaz and Tourmaline. Pseudo-topazes 
have been mentioned above. The true stone is 
the Brazilian (probably 2Al s O n .»SiO tf .»SiF s and 
combined water), a wine or amber-yellow, bine, 
or remarkably brilliant, colourless stone (Uoutte 
d’Eau). The yellow stones become rose- pink on 
heating and are sold as “ burnt topazes.’’ The 
commercial value of the stone is small. 

The Tourmaline is chemically the most complex 
of all the precious stones. It is a silicate with 

5855 



MKTALft 


bases of the oxides of iron, manganese, sodium, 
aluminium, and perhaps manganese, potassium and 
lithium and other metals. The species includes 
achroite (colourless), indicolite (blue), and rubcllite 
(red). It has extraordinary polarising and dichroic 
properties, which give it exquisite and striking 
colour changes, according to the direction of the 
light transmitted in the facets. It has remarkable 
electric properties. 

Turquoise , or callaite, is the only phosphate 
among tho gems (2Al a 0 s .P 2 0 6 .5H 4 0, with some 
CuO). It is not entirely opaque, and the best 
stones are a delicate sky-blue tinctured with green. 
It is not crystalline. Nisliapur, Khorassan, is the 
chief source. Fossil turquoise (odontolite) is 
fossilised mastodon teeth coloured with iron phos- 
phate. 

Lapis-lazuli is a mixture of minerals in which 
rich blue complex silicates, Haiiynite, the true 
ultramarine (tho once costly pigment now replaced 
by a chemical equivalent), sodalite, etc., pre- 
dominate in patches. It is coming more into use 
in modem artistic cost-ignoring jewellery. 

Pearl and Coral. Of the organic products 
the pearl is the most valuable. It consists of 
lustrous regular concentric layers of the form of 
calcium carbonate known as aragonite, and is 
secreted by the mantle of the ]>carl- bearing oyster 
or mussel, Margaritifera vulgaris, of Ceylon, and 
Margaritaua margaritifera , of Great Britain, being 
tho best-known molluscs, respectively. It is 
due to the irritation of the mantle by a minute 
parasite or a grain of sand. A pearl weighing 
I carat standard quality maybe worth £10, or £80 if 
of 4 carats. A Shah of Persia pa id £55,000 for a pearl 
weighing nearly 170 carats. The largest is probably 
a hiroque (that is, of irregular shape) pearl, weigh- 
ing 455 carats, 2 in. long and 4] in. in circumference. 
Pearls arc found of all colours, black being the 
most esteemed. 

Coral used in jewellery, white, pink and red. 
is the product of a single species of polype, Corallium 
nobile , found in the Mediterranean, tho coasts of 
Provence, North Africa, and elsewhere. It is 
mainly calcium carbonate, with an unknown 
colouring matter. 

Amber and Jet. Amber is an unchanged 
fossilised pine resin of the Tertiary period. It is 
found on the shores of the Baltic, Sicily, Norfolk 
and Suffolk, and in Upper Burma. Its density is 
about 1*08 and hardness 2J. Sicilian amber is 
fluorescent in sunlight. Jet is a dense, homogeneous 
variety of coal. Whitby, Yorkshire, is the principal 
source. 

Gold* work and Jewellery. From the 
remotest days personal ornaments have been 
prized, and where, in the beginnings of civilisa- 
tion, the precious metals and stones attracted 
man’s attention, the craft and art of precious- 
metal working and jewellery was begun. From 
the purity in which it occurs, gold was probably 
the first metal used by man. From the earliest 
times some artists have chosen to work in the 
precious metals. The Egyptians, the Etruscans, 
and the Grecians attained standards of artistic 
excellence which, it is said, have never been 
equalled in modern workmanship, and certainly 
have not been surpassed. Nearly all the methods 
of working now used — repousse, enamelling, fili- 
gree, soldering, and many others — were practised 
m these early times and developed to the highest 
pitch. 

Gold-working, like all arts, has progressed in 
cycles. There were long periods in which it seemed 
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to become increasingly mechanical and a mere 
matter of workshop copying, which were followed 
by artistic revivals. Such were the Reman, By- 
zantine, the ecclesiastical of the eleventh century, 
the Renaissance and the Geltio periods. Modern 
gold- working is the sum of the many small improve- 
ments in form and method produced in all these 
periods. Essentially, it contains nothing new, for 
its best is after Nature, and therefore classic ; but 
only in the sense that the classic furnishes models 
and suggestions for the expression of modern ideas. 
What is termed the “ New Art ” has been 
described, not without merited scorn, as “ that 
corrupted compound of uneasy vermiformity, 
slickness, and imbecility — the art of the undying 
worm.’’ 

From the purely artistic point of view modern 
work has suffered much by the application oi 
machinery ; but, at the same time, there is much 
that is good in the better class machine-made work, 
and it lias made it possible for good, simple woyk 
to be known and used by the people. . 

The important centres of modern jewellery 
production arc Paris, Vienna, the Clerkenwell district 
of London, Birmingham, and New York. The 
revocation of the Edict of Nantes is probably 
responsible for the Clerkenwell trade, as most, of 
the skilled artisans of tho district appear to have 
had Huguenot ancestors. The Birmingham trade 
no doubt originated in the skill previously reached 
in tine steel- work. 

Modern work consists cither of pure metal-work 
(called “ Plate ” if not jewellery or coin), metal 
with decorative precious stones, or work of which 
precious stones arc the feature. In the early part 
of the nineteenth century the last class was tho 
most important, and but little artistic skill was 
displayed in the settings, but with the greatly 
lessened rarity of diamonds, resulting from tho 
large South African supplies, stones have come to 
take a more subordinate place, and in much of 
the highest class of modern work there is an 
almost entire neglect of gems for their intrinsic 
value. 

Materials and Alloys. Fine gold is too 
soft to stnnd any wear, and must be hardened by 
alloying. Alloys are denominated by the number 
of carats to the ounce of 24 carats which they 
contain, but they are made up by the ounce, dwt., 
and grain. In alloying most metals, definite pro- 
portions must be observed or liquation will occur, 
but copper and. gold and silver and gold alloy in 
all proportions. Silver alone produces a greenish 
gold, while copper gives a red gold, and a mixture 
of the two as an alloying metal gives an alloy of 
colour somewhat similar to pure gold. It is, of 
course, an important factor in the choice of metal 
for any particular purpose. Red alloys arc, 
naturally, cheaper than green. 

The best metals for working and appearance are 
22 carat and 20 carat. High class trade jewellery is 
1 8 carat — that is, three-quarters pure. Tho public 
taste is for red gold, but the increase in copper which 
this necessitates produces an alloy which is somewhat 
hard and liable to crack in working unless great care 
has been taken in its preparation, and it is frequently 
annealed in the early stages of working it. Alloys 
with silver only are more duetile and much easier 
to work. For repouss6 work gold is alloyed with 
silver down to 12 carats. The alloys used by 
jewellers are very many and vary greatly with their 
use. Some of the representative alloys for general 
purposes are tabulated below. Alloys under 
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10 carafe* fine are partly made up with “ composi- 
tion/* a mixture of spelter and copper : 


Gold— Carats. 

Fine gold 

Fine «lh er 

Flntt ('upper 

22 

0 02 

0*04 

0 04 

22 (coin) 

0017 

- 

0*083 

18 

0 75 

0 125 

0 125 

16 

0 6625 

0*075 

0 2626 

15 

0*625 

0*125 

0 25 

15 (green) 

0*626 

0 375 

— 

15 (red) 

0*625 

0 025 

0 35 

15 (for settings) 

0 625 

0 225 

0 15 

12 

0*6 

0*154 

0*346 

10 

0*416 

0 204 

0 384 


The cost of alloys varies, of course, with the 
proportions contained in the alloying metal. It 
is said that a homogeneous alloy of platinum and 
gold cannot be obtained. 

Jewellers’ solders are low-grade gold and silver, 
rqpper alloys with spelter added, made up with 
scrap metal as required, by melting m a clay crucible. 
Gold solder may cost from 35s. to 55s. per oz. 
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from the bench and the floor, are sold to the re- 
finers. 

The following tools are those ordinarily required 
in gold working and jewellery : polishing, lapping, 
and gold-cutting lathes ; the sparrow hawk [22], or 
beck iron, is a bench anvil ; nipper for cutting wire 
and sheet metal, and for piercing holes in sheet; 
joint-making tool for hinges ; taper treblets, made 
of turned steel or hardened east iron, for shaping 
finger rings and the edges of collars, lockets, ana 
bracelets ; a steel doming block [23], and a set of 
doming punches; micrometer gauge for measuring 
thin sheet ; a drill stock, bow, or Aichimcdean ; 
snarling irons for repousse ; broochers, burnishers ; 
chasers and matting tools; set of files (needle, 
tound, flat, three -cornered, and riffle) ; scorpcrs for 
carving and engraving ; blowpipe ; drawplate 
for wire-drawing ; hammer [24] and mallet for 
repousse, chasing, and relief work ; pliers ; screw- 
plate ; lieneh and hand vices ; flatting mill ; 
polishing brushes and buffs. 

Rolling and Wire Drawing. Sheet 
metal and wire are produced from the ingot by the 
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Fine gold is always sold at the following standard 
rates according to quantity : 1-5 oz., 80s. ; 5-10 oz., 
85s. 6d. ; and 10-50 oz., 85s. 3d. Silver fluctuates 
according to bullion market rates. In December, 
1906, it stood at 2s. 7d. per oz. A 22-carat 
alloy costs about 78s. per oz. ; 18 caratH, 04s. . 
10 carats, 47s. ; and so on. Silver alloys contain 
nickel and coppef or German silver, and cost about 
30s. 0d. per oz. 

The Workshop and Tools. The jeweller s 
work-bench consists of a hard, semicircular beech 
lioard, shaped to take the body of the worker. 
The illustration [21] shows a five-place bench. 
A rest for filing or engraving is provided in the 
centre of each bow. A tanned skin is fastened 
underneath each worker’s bow to catch filings ot 
the precious metals and to hold tools. Tin trays are 
sometime* used, but they are liable to damage 
work which may be dropped into them. grating 
*4 ffew on the floor underneath the bench to 
afe&y filings which, with the daily sweepings 


flatting mill [see page 5522]. The rolls are of polished 
cast steel and revolve in opposite directions. 
Multiple speed and power lolls are also used. Roll- 
ing hardens the metal, and it has to be frequently 
annealed by keeping it at a red heat in a muffle 
for a period increasing with its fineness. Gold can 
lie reduced to nearly tho thickness of tissue paper 
by a good pair of rolls. Rolls with characters and 
designs engraved on them are used for embossing, 
etc. « 

For coarse wire the ingot is rolled to the required 
gauge, annealed, and slit in rolls with regular 
cutting slots. The square strips produced are then 
passed through wire rolls having circular grooves. 

A simpler method is drawing a rod of metal 
through holes in a steel drawplate diminishing in 
size. Gold is so exceedingly ductile that it is said 

I oz. can be drawn out into a wire 60,000 ft. (over 

II miles) long. The average length of best filigree 
wire obtained from 1 oz. is 4,500 ft. After the rolling 
and slitting above descril>ed, the wire is pointed, 
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rubbed with beeswax, or oiled, end pulled through 
the largest hole in the plate. The end is then 
attached to the draw tongs of a drawbench, and 
the wire drawn repeatedly until it is sufficiently 
reduced. 

Small tubes, for brooch, locket, and other hinges, 
etc., are made similarly. A strip of metal about 
three times as broad as the tube diameter is ham- 
mered into gutter form along its length, the point 
tapered and inserted in the plate. A pointed bur- 
nisher is kept in the hollow of the gutter behind the 

S late to keep the tube true as the metal folds round 
uring drawing. 

A convenient form of drawplate [25] is made of 
soft steel, the size of the holes being adjustable. 
They can be closed with a round-faced hammer or 
opened with a steel puncher (26]. 

Melting and Casting. Alloys of* gold and 
silver are melted in a wind or portable furnace 
lined with firebrick, in plumbago or clay crucibles. 
Three-ounce ingots are produced rapidly without a 
furnace by means of a combined crucible and ingot 
mould. The metal is melted with a blowpipe, and 
run into the mould by tilting the whole apparatus. 

For casting very small work a mould of cuttle- 
fish bone is used. A clean anil perfect piece of bone 
is cut into halves between which the pattern is placed, 
and an impression taken. The pieces are bound 
together with iron wire, and the metal, melted on 
charcoal, run in. Larger and rougher work is cast 
in moulding sand and loam packed in iron casting 
flasks round the pattern and dried thoroughly. 

Piece moulding, for complicated and undercut 
work, is similar in principle. False cores are used 
go that the mould can be taken to pieces to remove 
the pattern and reformed for casting. The model 
is firat made in wax or clay, and a cast taken in 
plater of Paris. 

The waste- wax method permits greater finish. A 
mode] is made in easting wax, and then coated, at 
least 1 in. thick, by means of a camel-hair brush, 
with a paste of moulding sand, ground very fine, with 
water. An impression is taken in sand as usual, and 
the mould heated until all the wax is run out, leaving 
a hollow mould of tine sand. A sand core on an iron 
wire coated with flour paste is used for hollow 
castings. 

Soldering. Solder is made as wanted from 
scrap metal. For ordinary work, silver cuttings and 
fine brass or spelter (2 to l) arc melted in a clay 
crucible, and cast. A hard enamel solder is made with 
fine silver and copper, 4 to 1. Solders become more 
fusible as the proportion of silver is decreased. 

Gold solder may be made by adding 5 gr. of 
fine silver to every dwt. of the alloy which is being 
used for the work in hand, and melting on charcoal 
with borax. 

Soldering is an exceedingly simple and satisfactory 
process if all the materials used are absolutely 
clean. Small panels of solder arc cut out, dipped in 
borax, and held in position by means of the binding 
wire which hold * the piece of work together. For 
silver work the solder will not enter the join if the 
edges are brought too close together ; but in gold 
work the fitting cannot be too close. 

All work must be boiled out after soldering, in 
pickle — a weak solution of hydrochloric acid. 

Colouring and Gilding. The pale colour < 
ol gold which is inferior or contains too much silver 
be enriched by “ dry ” or “ wet ” methods. 
?Jp.t4ie first die surface silver is removed by dipping 
:|$to v a fused solution of saltpetre and the sulphates 
and aluminium in their water of 
It is not applicable to lessthaa 


18-carat gold. Gold fromfi to 
darkened by heating. The wet method are aflplio- 
able to all golds. Hot solutions of hvdroJuoric 
acid, saltpetre, common salt, and, for higher 
qualities, alum, or of ammonium sulphide, are used. 

New silver work which looks unpleasantly white 
and glaring can also be darkened — from a pale straw 
to purple — with a very hot ammonium sulphide 
solution. 

The oldest and best method of gilding is by amal- 
gamating the surface of the metal with a stiff gold 
amalgam, the mercury being driven off by heat. The 
surface is first prepared with mercury nitrate. 
However, this and such processes as painting on 
a nitric acid solution of mercury and gold* chlorides, 
or burnishing on gold leaf, have been quite super- 
seded by electroplating. 

Finishing. The final processes by means of 
which tool marks are moved and a surface finish 
given aie polish ng and finishing. They require 
much skill and experience, because high-class wdfk 
is easily spoiled if sharp edges are rounded, and 
relief lessened, or other delicate details coarsened. 
The work is first cleaned by pickling, and then 
rubbed carefully with water of Ayr stone to remove 
oxide film and tool- marks. Finer polishings are then 
given successively with charcoal and oil, rotten- 
stone and oil, and jewellers’ rouge and water. Tho 
work is finally washed in hot soap and water, and 
dried in boxwood sawdust. Flat surfaces are often 
wet coloured between stoning and polishing. 

Round surfaces and repousse work are first 
stoned, as before, and then polished with circular 
rotating brushes, first with scratch brushes and 
stale beer, then with a brush charged with rotten- 
stone and oil. If a higher polish, called “ bright 
finish ” is required, a circular calico mop, charged 
with rouge, is used. Chains and surfaces requiring 
faceting are finished on the lapping lathe, which 
cuts away the surface on special parts leaving it 
bright. • 

Inlaying and Filigree. Inlaying is largely 
a matter of patience after the required designing 
skill is obtained. The design is engraved out of 
the metal with seorpers, the edges of the lines and 
spaces being undercut. Fine gold or silver wire, a 
little larger than the thickness of the engraved line, 
is then gently hammered in. The ground of spaces 
is roughened and sheet metal hammered in. [Niello 
inlaying is described on page 5529.] 

Damascening is a similar process applied to steel. 
In two cheaper methods the ground to be covered 
is roughened either with the scorner point and thin 
gold or silver hammered on, or ny cross lines cut 
with a graving tool and gold leaf burnished on. 

Filigree jewellery work is fashioned with fine 
threads and beads of gold and silver, Ocurled, 
twisted, and plaited, and united at points of contact 
with gold or silver solder, where femaff grains of 
gold are also often placed. The Greeks and Etruscans 
had a wonderful knowledge of gold soldering, and 
some of their finest work is built up by soldering 
incredibly fine gold wire and minute grains of gold 
on to the surfaces of small objects. This secrets 
were entirely lost until some of them were revived 
some years ago by Cassini, who discovered in Venice 
descendants of the original workers. Eastern fili- 
gree work is particularly noted for ‘ 

Modern work consists of buttons, h 
earrings, etc., surrounded and brok 
of aojid Mi to give strength to 1 
wire lor the purpose in made bv id 

joinn^e * ’ * 



beauty, 
crosses, 
bands 
The 




* Article* or jewellery. 

of the foregoing processes will best l>e indicated by 
the production details of a few specific articles. 

Chain* for all purposes, except, perhaps, neck- 
laces, are generally mach ne-made. They are prob- 
ably superior in design and execution to most of 
the hand-made, for chains obviously 
offer great facilities for mechanical 
repetition. For necklaces which are 
not of fine or Venetian chain, where 
st-ones are set in gold wire-work 
connected by chain links, the links 
are frequently hand - coiled. The 
wire — simple, double, twisted, or 
flattened — is coiled closely and regu- 
larly round a paper-covered mandrel 
(of the shape and size required for 
the links), and the mandrel is with- 
drawn by charring 
the covering paper* 

If the spiral then 
1)0 sawn through 
lengthwise a set of 
links will be ob- 
tained, different 
varieties of which 
can be looped to- 
gether to form the 
chain. If solid curb 
chains are made 
by hand, the links, 
formed as described, 
are made into curbs 
by sharp bending with pliers, 
and the whole chain is flattened 
with a mallet. For hollow 
chains gold is drawn through 
the plate round charcoal iron 
wire, which is removed when 
the chain is complete by boiling 
in dilute sulphuric acid. 

Necklace* are usually designed 
on a 41 -in. circle, pendants 
being arranged on radial lines 
of the semicircle. Good 
effects are obtained by twisting 
flattened single or twisted wire or 
filigree wire in knots and wreaths 
round the stones used, linking nil 
together with chains and loops. Such 
a design is shown [28]. A design 
for n pendant in pierced and re- 
pousse work for an all-silver neck- 
lace is given in 27. 

For gold work the two halves of 
dants are shaped with a burnisher out 
of thin metal on a brass model set in 
graver’l eminent. The halves are strength- 
ened with wire, soldered inside, and then 
soldered tqgepjer. Ancient necklaces were 
mode up of Simple pendants burnished 
in this way on matrices engraved in 
brass. 

Bracelets vary from 6} in. to 7 in. in 
circumference. Silver bracelets may be 
hammered up out of a piece of thick 
wire, ope epa being flattened out, cut, 
to scroll or other designs, 
the test hapuPered square, being bent 
-b*s»a^ - A box-setting, 
far *>$dered on to one side of the band, 

and permits opening sufficient to 

bracelet [80] is built up of 
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30. HINGED BAND 
BRACELET 


31. FLEXIBLE 
BRACELET LINKS 


MBTAUI 

square wire and sheet metal shaped on an 
efiiptio brass pattern ; or a piece of sheet metal* 
is fluted with hammer-pane, annealed, flattened 
double, and drawn to required depth through 
an oblong-holed drawplate with a brass core. 
It is then bent to oval shape, the brass* 
removed, and the front soldered in. 
Hollow tube bracelets are similarly 
made. 

Flexible bracelets are built up of rings 
or links soldered together, the units thus 
formed being linked [29 and 31]. The 
figures show two - of the simplest forms, 
illustrating the principle on which many 
compound bracelets are built. 

llrooches are best kept rather small. 
They may be made on similar princip'es 
to pendants; or the base may bo bent- 
out of strip metal, 
with sharp angles, 
h trengt honed with 

solder, and the front 
and back soldered on. 

The catch is made 
from a short piece 
of I) -wire, filed fiat, 
at one end, coiled 

round at the other, 
and soldered in place 
on the hrooflh near 
the edge. The hinge 
consists of three short 
pieces of fine tube, 
to one of which the pin is 

soldered, the other two being 
soldered in line on a plate 
at a distance apart equal to 
the length of tho piece of 
tube on the pin. Nine-carat 
gold is harder and more springy 
than silver, and is pre/era bio 
to it for pins. 

The ring, in principle, is 
simply a hoop of flattened or 
drawn wire, or a band of 
metal, coiled round a mandrel and 
soldered. But most of tho rings 

sold — wedding, keejxT, belcher, twist, 
signet, etc., are cast or stamred. 
Charcoal moulds are used on a small 
scale. Designs for table, etc., rings 

are built up on modelling wax out 
of the metal and stones, covered 
with plaster of Paris, the wax melted 
out, and the wholo soldered together. 
Setting Stone*. There is much 
room for the display of skill in tho setting 
of precious stones if their brilliancy, 
colour, and flash are to be properly 
brought out and inartistic contrasts 
avoided. For instance, the an^le at 
which the stone is set varies with its 
kind. Stones arc grouped together on 
the principles of identity, graduation in 
properties, or entire contrast. Stones, 
which arc similar do not accord well — for 
instance, the zircon is too much like the. 
diamond to be associated with it, but the 
zircon accords well with the turquoigo 
or green tourmaline, while the diamond 
contrasts well with stones that are, waxy, ln|er« 
nally reflecting (eat’s-eye), less flery?%r pleochroio. 
Curved stones are best associated with step-cut, 
A single stone is sometimes mounted [in rings, 
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etc.), but it ia more usual to set it with a border of 
small different stones. 

The diamond may be set in gold, silver, or plati- 
num, biit the ruby, and other coloured stones, are 
set in gold. The ruby harmonises wonderfully with 
unburnished gold, or contrasts richly with dull gold, 
and it is a fault of modern jewellery that this 
characteristic of the ruby is largely ignored. Blue 
stones with yellow dead-gold settings give rich 
effects. 

Backing and foiling with thin plates of gold, 
silver, tin, etc., is largely resorted to to improve the 
colour and lustre of poor stones. In the Bust, rubies 
are enriched by hollowing out the backs and filling 
with gold. Stones arc never cemented in well-made 
jewellery. They are always retamed in metal cups, 
boxes, claws, etc. A closed setting ( 32 1 is a box cut 
out of strip metal, the upper edge being turned over 
the stone with a burnisher. Open settings [3<tj are 
hand-made by cutting with a graver or drill and 
file a thick metal collet into daws, leaves, etc. A 
shelf for the stone is cut inside. Paved settings 
[33] are used only for the harder stones ; they are 
liable to become loose. The setting is scorpererl out 
of the solid metal with sloping edges, which are 
burnished over against the stone. 

For cabochon stones, a conical setting carved in 
wreathed or other designs out of thick sheet metal 
is sometimes used. For rings and bracelets, settings 
are cut star-shaped into the metal, and the stone 
may bo bedded in with a platinum collar. 

Machine-made Jewellery, It is not easy 
to draw the line between mechanically-made and 
hand-made jeweller y. Personal ornaments may be 
reproduced by the score from sunk dies by hanum r- 
ing thin sheet metal mto the dies, but much skill 
is required, first, to cut the die, and then to eairy 
out the repousse operation and lit the article 
together. On the other hand, large quantities of 
articles produced in Birmingham have h id expended 
upon them the slightest possible amount of hand 
labour. The design being settled, their pioduetion is 
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merely a matter of machine stamping from rolled 
metal. These articles arc known as “ imit.it ion ” 
jewellery. The application of machinery to «olid gold 
work is on the increase, but it is economically 
possible only where then* is a largo demand for a 
stereotyped article. Chains are very largely pro- 
duced mechanically, and most ordinary nngs are 
made in stamping presses. The production of the 
sunk steel dies used in pure machine-made and the 
class of jewellery referred to above is a matter 
requiring much artistic skill. 

Hall-marKing. Hall-marks are very compli- 
cated, and thereby fail almost entirely to serve the 
public, because expert knowledge is required to 
tell when or by whom an article was made, or where 
it was marked. Tlio principal assay towns, or hall- 
marking cities, arc London, Birmingham, and 


Chester. The London marks for gold plate are the 
sovereign's head and crown (if duty paid), the golden 
letter, indicating the year of marking (the series 
now running is in Roman small letters), number of 
carats fine, the leopard’s head, and the maker’s 
mark. For silver they are: lion passant, leopard’s 
head, year letter, and' maker’s mark. 

Orta in articles, including jewellers' work con- 
taining stones, do not come under the heading Plate, 
and do not require to be marked. The testing con- 
sists in assaying about 5 gr. of alloy cut or 
scraped from convenient parts of the articles. 

Old Sheffield Plate. This has been super- 
seded by electro- plate, which is called ‘‘real” 
Sheffield plate. \ ery fine work was produced in 
the genuine (“old”) plate, and it is now so rare 
that it is sometimes sold at prices exceeding the 
value of similar articles made in sterling R'lver. 
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r Jhe plate used was made by bedding rolled fine 
silvei with a hammer on to a planed copper ingot 
and thin heating m the furnace (the silver face 
protected by a copper plate with a whiting-covered 
surface; till the silver melted and set on the copper. 
The ingot was rolled and worked by rojxmsse and 
hanimciing. Mounts, feet, and other additional 
portions were struck by dies. 
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DFFORK taking up a more detailed consideration 
D 0 f tho work which is done in the dentist’s 
workroom, as apart from his surgery, it will be 
convenient at this stage to discuss the subject of 
dental mechanics as a means of livelihood, viewed 
altogether apart from the profession of dentistry in 
the wider sense in which tho subject has hitherto 
been dealt with. 

One of the great advantages which the education 
of the dentist affords consists in this, that at the 
outset of his student career he receives a practical 
training in a form of manual work, proficiency in 
which almost ensures good employment at mechanic’s 
wages. This is a very real advantage because, under 
these circumstances, if the student is for any reason 
unable to complete his education at the hospital, 
he has the satisfaction of knowing that the element- 
ary work which he has already done, although it 
stops short of tho actual purpose for which it was 
taken up, is not by any means wasted. Should the 
student, therefore, after completing his period of 
apprenticeship, find himself not possessed of suffi- 
eient funds to carry him through his h spital course, 
it is of tho utmost help to him to know that he has 
been building solidly all the time during which he 
has been apprenticed, and is now capable of earning 
wages which may well tide him over a temporary 
difficulty, and which, as experience increases, may 
afford a permanent means of livelihood. 

Advantages of Practical Training. 

On tho other hand, a young man who begins 
practical work in the den- 
tist’s workroom with a view 
to earning his living as a 
mechanic may subsequently 
find himself in a position to 
undertake the expense of a 
hospital education, and he 
has tho satisfaction of know- 
ing that the years ho has 
spent in acquiring a thorough 
practical acquaintance with 
dental mechanics have 
brought him invaluable ex- 
perience and manual dex- 
terity, which will be of the 
utmost use in the study 
and practice of dentistry. 

As a means of livelihood the work of a dental 
mechanic offers several advantages in addition to 
that which has been mentioned. The work is, 
perhaps, somewhat tedious and trying to the 
patience, but is certainly interesting to anyone 
who lifts a taste for occupation which demands 
manual skill and a mechanical turn of mind. 

The hours of work are not long, averaging from 
nine or ten in the morning until five or six in the 
evening, with tho usual midday interval. There 
is at present no overcrowding in the work, and a 
capable mechanic of steady habits is generally sure 
of employment, provided he is able to work well 
with his employer. The rate of wages is, on the 
whole, good, and, in addition to the ordinary form 
Of employment as mechanic in a dentist’s workroom . 
there are other openings for men with special qualifi- 


cations. The dental hospitals appoint superinten- 
dents of their workrooms, with duties which gener- 
ally involve the assistance and instruction of pupils 
and students in their work. Other dental mechan- 
icians increase their earnings by fitting up for 
themselves a private workroom, and undertaking 
work for such dentists as do not employ a mechanic 
regularly on their premises. 

The Young Dental Mechanic. For the 

guidance of parents who desire to bring up a boy 
as a dental mechanic a short outline will hero be 
given of the course which should be pursued. All 
that, has already been said as to the importance of 
early finger-training for a boy who is destined to bo 
a dentist, applies with equal force to the education 
of a mechanic. It is true that the course of training 
in tho workroom is longer than that prescribed for 
the dental student ; but a boy who begins this work 
with lingers to some extent accustomed to the 
handling of tools, even of the simplest description, 
will have a distinct advantage over one who has 
everything to learn. 

Very often it will happen that a boy must he put 
to learn his trade at the earliest date which the law 
allows, but, when it is possible, it- is distinctly 
desirable that lie should he kept at school after the 
recognised sixth standard and labour-test, have been 
passed, or the prescribed age of fourteen years 
has been reached. A year’s, or even two years’, 
additional school-life will not tend to make him 
eventually any the less effectual a mechanic, while 
it will go far towards putting 
him in a position to study 
for the preliminary examina- 
tion in arts which lie may, as 
before suggested, subsequent- 
ly wish to pass as the first 
step towards qualifying as a 
dentist. There may, indeed, 
be some difficulty in per- 
suading a dentist to take as 
his apprentice a boy who 
has only just reached his 
thirteenth year, and in this 
case, if he be taken from 
school, it, will be necessary 
to obtain for him some 
tern | Kirary light work which, 
unless it he well chosen, may tend to unsteady him 
and even unlit him for the life which has been 
chosen for him. 

Apprenticeship. The jicriod of school-life 
having drawn to a. close, the next step is to arrange 
for his training in a dental workroom. For this 
purpose a qualified dentist should be approached, 
ami, if possible, some acquaintance obtained with 
the dental mechanic employed with whom the boy 
will have to learn his work. The arrangements 
made between a dentist and the parents of such 
a boy vary considerably. The best plan is probably 
to enter into a definite agreement for the appren- 
ticeship of the boy, the dentist undertaking to give 
him the opportunity of learning the work, and the 
parents paying a premium in corilideration of this 
service, The amount of premium also varies, but 
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probably £20 would be about the average demanded, 
and is looked upon as an earnest that the work 
is to be seriously undertaken. The period of appren- 
ticeship under such conditions would probably be 
five years, and it is usual for the dentist to pay the 
premiujn back in the form of wagea, which gradually 
increase year by year. As an alternative, it may 
be agreed to dispense with the payment of a premium, 
the period of service being extended to seven years 
instead of five, and the boy being at first employed 
in more general work either in the workroom or house. 

The Importance of Study. The plan 
first referred to has the obvious advantage of 
entailing a definite undertaking on the part of the 
dentist, and should be followed, if possible, where 
the boy has been kept at school for the additional 
time, as has been recommended. The second 
plan should be looked upon as the best that can bo 
arranged where the funds necessary for the payment 
of a premium are unfortunately not available ; it 
makes a more definite demand upon the boy’s own 
enterprise and his power to give satisfaction to his 
employer. Many capable mechanics who have done 
well in their work have received their early training 
in accordance with the latter plan, and it is > 

obviously to the advantage of the dent ist 
to give a smart and promising boy every IS 
opportunity to learn his work well, so that 
during the later years of his apprentice- -^r\ 
ship he may receive from him good v \ 
service in his workroom. During his lj‘ 
apprenticeship a boy should be encouraged j, 
to continue his studies in the subjects of mil. 
general education by attending evening 
classes, and the idea should be kept before 
him that some day he may have the 4 MET/ 
opportunity of qualifying himself as a .striku 
dentist, and that, therefore, lie should r 

make every effort to prepare himself 
as far as possible for the preliminary 
examination. 

The Student as 44 Improver.” ( 

The years of apprenticeship having come \ \ 
to an end, the next stop is to obtain \\ I 
occupation as a mechanic. When the \\ / 

apprenticeship has been passed to the (jfj I 

mutual satisfaction of both parties, a \i J 

further engagement may he entered 
upon, and there are, of course, advan- 5 SEC 
tages in this plan. In other eases a I’OR 
position may be obtained in another work- “ TUBJ 
room, and this has the advantage of giving 
opportunities of learning other met 1 ods of work 
than those to which the apprentice has been accus- 
tomed. So far as the apprentice is concerned, his 
choice should bo determined by a consideration of 
his prospects in the workroom in which he has been 
trained. Technically, a young mechanic who lias 
just completed his apprenticeship, and has 
obtained his first berth as mechanic, is known 
as an Improver ; but the distinction concerns only 
the rate of wages which he is supposed to be 
worth to his employer. From this position he 
passes to that of mechanic. With the financial 
aspect of dental mechanics we have already dealt 
[sao page 5773], 

. In preparing a set of artificial teeth to take the 
place of natural teeth which have been lost it is 
found both convenient and conducive to accurate 
working to carry out a great part of the process in 
the absence of the patient. This can be done if an 
accurate copy of the Surfaces in the mouth to which 
the artificial teeth are to be attached be first pro* 
cum}. Such a copy is called a model. 


ided, Models and their Preparation. To 

work obtain an accurate copy of the interior of the mouth 
aren- the first step is to procure what is called an itnpres - 
y be sion. This is essentially a reverse copy of the mouth, 
7 the the result of pressing a suitable material against the 
ually surface of the teeth, gums, and palate so that they 

may leave their impress upon the material. Various 

ium, materials are used for this purpose. Their properties 

/ears differ considerably, and the choice of the most 
oyed suitable in any particular case demands careful 
□use. consideration and nice judgment, which can only 
plan bo effective when the operator is thoroughly 

e of familiar with the substances at his disposal. The 

f the materials in general use are theso: Beeswax, gutta- 

> here ucrcha, modelling composition and plaster of 
ional Paris. 

corn! The method of using the first three of these is to 
m bo soften the material by means of hot water, press it 
inent into position in the mouth, and hold it firmly in 
e ; it place until, as the temperature falls, the material 
own resumes its firm and stiff* consistency. It should then 

0 his be removed, if firm enough to retain its form without 
done bending with the slight force that must be employed 
ining in order to detach it. Beeswax is used either in the 

pure form, or rendered tougher by the 

addition of resin, or mixed with colouring 
1 material to give it a more attractive 
J appearance. It can be softened by a 
^ temperature which can be borne by the 

v \ )S' hand, and when in the soft condition 

I should be kept below the surface of the 
1 1| water, and thoroughly kneaded into a soft 
U| and uniform mass. 

IP Gutta-percha, of which the pure brown 

form should be used, requires a much 

metal die for higher temperature for its thorough 
.striking METAL softening, and the water used should 
PLATE he almost boiling. Great care has, there- 

_ fore, to be used in order to avoid burning 

f VS. the patient’s mouth. 

M Composition of Model Sub> 

I f stances. Many attempts have been made 

/ to elaborate a material possessing all the 

/ U^^.7 properties of an ideal impression material, 

1 I and for this purpose a variety of com 

I I pounds is at the disposal of the dentist. 

1 J Their constituents differ within fairly wide 

limits, and they possess somewhat varying 
SECTIONS OF properties. Most of them contain the 
porcelain following substances eombined in varying 

tube-tooth ” proportions : A gum, of which gum d nnmar 

is an example ; stearin, a fatty material ; 
work French chalk ; carmine, or other similar colouring 

?eus- matter ; and a perfume, such as otto of roses. Each 

, his of these constituents brings to the material some 

>n of valuable property. The gum confers toughness, 

been which enables the material to stand the strain of 

lias considerable force without fracturing, as a more 

has brittle substance would ; the fat renders the 

town material capable of being softened by heat and 

only thoroughly pliable when softened: the French chalk 

) be gives body to the whole, rendering it firm, giving » 

i he hold to tne gum, and counteracting the too great 

ncial plasticity of a hot mixture of gum and fat; the 

dealt- colouring matter and perfumo are intended to render 

the material more attractive, and so minimise the 

> the disagreeable effects of placing a large quantity of this 
it is hot, soft material in the mouth. 

irate Plaster of Paris is of an entirely different character, 
ss in This is found in nature in tne form of gypsum 

if an [see page 048]. The latter is purified and then 

bieh slowly dried at a moderate temperature, with the 
pro* object of driving off a portion of the water which 
is held in combination. The result is plaster of Pari* 
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in the form of a soft powder, which has the property, 
when mixed with water, of hiking up a definite 
quantity of the latter in combination, and so revert- 
ing to the hard, dense gypsum form. The time 
occupied by this process is approximately four and 
half minutes. 

The Preparation of Plaster of Paris. 

Plaster of Paris is much used in the dental work- 
room. and serves a variety of useful purposes ; it 
is of importance, therefore, that the best methods 
of using it should be clearly understood at the outset. 
To obtain the best results it is important to make a 
uniform mixture of the plaster with the water. 
For the finer operations, such as impression-taking, 
the best quality of plaster should Ifci used in order to 
ensure uniformity of quality. 

A small quantity of water should be placed in an 
earthenware or rubber basin, and plaster of Paris 
added carefully with a spoon until just enough lias 
been placed in the basin to make a mixture of the 
consistency of thick cream. A little excess of water 
is generally seen upon the surface of the mixture, 
and this should be first poured off. The mixture is 
then thoroughly stirred with a spoon, and any 
lumps which may by accident have been formed 
should be carefully flattened out and thoroughly 
incorporated with the whole. The plaster is now in a 
condition to receive an impress, 
and, after being placed in the 
desired position, should be held 
lirnily in place until it has set, 
and then carefully removed. 

The process of taking an im- 
pression is necessarily disagree- 
able to the patient, and it is 
therefore desirable to reduce as 
much as possible the time during 
which the impression material 
must remain in the mouth. 

This can be effected, in the 
use of the. first three materials 
named above, by cooling the 
surface of the material tor a 
moment just before inserting it 
into tho mouth, and by syringing 
the mouth, or sponging tho 
material while in the mouth, 
with cold water. Cooling the material in this way 
accelerates the process of hardening, and thus 
reduces the time occupied by as much as one or even 
two minutes. In dealing with plaster of Paris a 
similar result can he achieved by the use of warm 
water in mixing, and still more effectually by the 
addition of a little common salt, or, better, a 
little potassium alum, to the water before incor- 
porating the plaster of Paris with it. The use of 
alum in the mixing of plaster has another distinct 
advantage in that it controls, and to a large extent 
prevents, that expansion which takes place in plaster 
of Paris it is setting, and which tends to introduce 
an element of inaccuracy into the results obtainable. 

The Importance of Accuracy. The 
importance of obtaining in the first place an im- 
pression of the mouth which shall afford a copy of 
the surface required as nearly perfect as is possible 
cannot be overestimated, for the most skilful 
performance of the later processes of the work can 
never compensate for, or overcome, the faults of the 
original model. In respoct of accuracy, there can 
be no doubt that plaster of Paris is a far more 
efficient impression-taking material than the others 
mentioned, and this oan be readily demonstrated by 
anyone who will take the trouble of experimenting 
with the materials, as by obtaining a copy of the 


fine lines and furrows of the thumb. There are, 
however, other considerations of A technical nature 
which concern the dentist rather than the dental 
mechanic or pupil, and which will in many cases 
determine the choice of material in favour* of one 
or the other substances, of which the varioys com- 
positions are especially useful. From the point of 
view of the mechanic and pupil, the work begins 
when the dentist puts into their hands the impres- 
sion which he has obtained from the patient's 
mouth. The impression is contained in a small 
metal cup or tray so shaped as to fit the jaw and to 
retain the impression material and prevent it from 
spreading too far or escaping into the mouth. Two 
types of trays are required, the one being adapted 
for taking an impression of the upper jaw, the other 
being adapted to the lower jaw [2 and 3] ; a variety 
of sizes is also required, since there is a good deal 
of difference in the size of the jaw in individuals. 

Making the Model. The mechanic, having 
been supplied with an impression, which is virtually 
« reverse copy of the jaws, has first to make a 
“ model." or true copy, of the surfaces to which the 
artificial teeth are to be attached. This he does by 
using the impression as a mould, and pouring into it 
some fluid plaster of Paris. The same care should 
be employed in order to obtain a uniform mixture as 
enjoined above. A small portion 
of ill mixed plaster is first placed 
in the impression, and well 
shaken into place, so that every 
portion of it is filled, and any 
bubbles of air broken up. A 
second portion of plaster is now 
placed on the bench, and the 
two portions united by turning 
the impression upside down ; 
the plaster is then smoothed 
and trimmed with sloping sides, 
care being taken that the tray 
is fixed horizontally. 

When the plaster has com- 
pletely set, the impression in its 
tray has to be removed. If, in 
taking the impression, use has 
been made of one of those 
materials which are softened 
by heat, the separation is readily effected by placing 
the whole in a basin of hot water for a few minutes, 
and then pulling off the softened material. If, 
however, the impression has been taken in plaster of 
Paris, it is necessary to prevent a complete adhesion 
between the plaster of the impression and the tluid 
plaster poured into it to form the model. This is 
effected by washing the plaster impression over with 
fine oil or a solution of Hoap in water to which has 
been added a little colouring matter, such as carmine. 
The fluid plaster is then poured into the impression, 
and the model formed as described above. 

When the plaster is thoroughly hardened, the 
whole should be plunged into hot water, the metal 
tray is then detached, and the plaster of the impres- 
sion is chipped away with u penknife, tho colouring 
matter serving as a guide to direct the chipping- 
away process. The model thus obtained is now cut to 
shape by trimming away surplus plaster and carefully 
smoothed until it takes the form shown in 0. 

The Metal Plate. If it is decided that the 
teeth shall be supported upon a metal plate to be 
worn in the mouth, the model is at this stage slowly 
dried in an oven, and then dipped for a few minutes 
in some melted stearin. This serves to render 
the surface smooth and not easily htbbed or injured. 
With a pencil the model is then marked to show the 
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extent to which the jaws and palate are to be covered 
with the metal plate ; and with these marks as a 
guide, a piece of tliin paper, or, better, a piece of 
lead beaten out very thin, is then cut of the exact 
size of the plate required. Taking this as a pattern, 
the metal is cut to size. 

Of the metals used for this purpose gold plate 
18 carats fine and of gauge No. 7 for the upper 
jaw, and of about No. 9 for the lower jaw, is the 
f most serviceable for general use ; but under certain 
circumstances an alloy of silver and platinum may be 
advantageously employed. Tn order to make this 
plate take the desire ! shajie it is necessary to 
employ a model of greater strength and durability 
than plaster affords, and for this purpose metallic 
models must bo obtained. These are called dies 
and counter-die s. 

Die Making. The die is a duplicate of the 
plaflter of Paris model. Fii st a ring of iron is obtained, 
of about 5 in. diameter. J in. in thickness, and in. 
in height. The model is carefully dusted with 
powdered French chalk, and then placed ufvon the 
work bench and surrounded with the iron ring. Some 
fine sand is then moistened sufficiently to render it 
slightly plastic mid capable of binding, in much 
the same way as snow binds in a snowball. This 
is firmly packed into the ring around the model and 
above the latter unlil the ring is filled flush with its 
rim. The ring and its contents arc now reversed 
upon the work bench so that the base of the model 
becomes uppermost. 

The next step is to remove the model from the 
sand. This is effected by attaching a small handle 
to the base of the model by means of shellac, and 
withdrawing the model carefully by this handle, 
the*model being in the meantime continually tapped 
with a small hammer in order to detach small 
particles of sand which may adhere to it. 

Rut if is not always possible to obtain an accurate 
and satisfactory impression of the model in sand in 
the simple way just described. It will be found 
that many models present inequalities and over- 
hanging parts, technically know'll as undercut*, 
which, if the sand were packed round 1 he model n 
the manner described, would obtain su h a hoi I on 
flic san 1 that ihe model could not bo withdrawn 
without breaking away a portion of the sand 
impression. When these inequalities arc present 
only in parts of the model which ii is not desired 
to reproduce in the metal die — as, for instance, 
along the outer sides of the model — the difficulty 
is readily overcome by filling up the inequalities 
flush with tile; general surface by means of beeswax 
softened by heat.. The wax is t hen carefully dusted 
with French chalk to prevent adhesion to the sand. 
It will not infrequently happen, however, that the 
jaw takes such a form that even the parts that it is 
most important to reproduce accurately will present 
undercuts, which constitute a serious difficulty. Tin's 
may be dealt with satisfactorily in some eases by 
tilting the model within the sand-ring at a judicious 
angle before packing the sand around it; but in 
. other eases resort must be bad to a device which is 
technically known as core-making. 

Core-maRing. The model is carefully oiled 
to prevent adhesion, and a small portion of a 
mixture of plaster of Paris (two parts), fireclay 
(one part), and water, is then placed upon the 
mode] so as to fill up the undercut or dovetailed 
portion of the latter. While “ setting ” the new 
plaster* is carefully trimmed to such a slope that 
it offers no inequalities which can hold it in the 
..sand, ami the little mass is then split into two or 
pieces of such a shape that they oan be separ- 



ately removed from thie model. These pieces are 
known us “ cores.” They are placed in position on 
the model after being carefully dried, ana the whole 
used to obtain an impression in sand. When the 
model is withdrawn the cores remain attached to 
the model and can readily be placed separately in 
their true position in the sand mould, and the result 
is an accurate reverse copy of the model. The sand 
reverse, having been obtained by one or other of 
the methods described, is then used as a mould, into 
which is poured molten metal. 

Metals used in Making Dies. Of the 
metals used for this purpose zinc possesses 
general properties which render it on the whole 
the most serviceable. Two or three such metal 
dies and counter-dies will be necessary, since 
they tend to deteriorate under the blows of 
the hammer or the swaging process to which 
they are subsequently subjected, and it is often 
of advantage to have at least one die and counter- 
die made of a different metal, such as tin, or of 
an alloy of tin with antimony in the proportion of 
of five lo one, or of tin and zinc in the proportion 
of two to one. Such dies are more resistant than those 
made of zinc or lead, and are of great use in giving 
the metal plate its tine fitting to the model. Using 
these dies, reverses or counter-dies can be obtained 
by placing the die again within the casting-ring, 
and packing slightly moistened sand round, but not 
over, the die. This leaves exposed the parts of the 
zinc die to which the plate has to be fitted, and if this 
is carefully dusted over with French chalk before 
further molten metal Iw added, the two portions of 
metal can be separated when cool [5], For tho 
counter-die lead, or an alloy of lead with tin in various 
proportions, is generally used. Tlie metal should ho 
melted down in a large cast-iron ladle placed over a 
gas-stove, and to prevent contamination different 
ladles should be used for the different metals or 
alloys employed. To obtain the best results it is 
necessary to take care, first, to moisten the sand 
to the right degree ; secondly, to avoid oxidising 
the molten metal by overheating; and, thirdly, 
to pour the metal when it is sufficiently fluid to pour 
readily and yet so cool as to be almost solidifying. 

The Arrangement of the Teeth. Dental 
mechanics is so largely concerned with tho attempt 
to reproduce natural conditions, and supply, by 
artificial teeth, the place and position of natural 
organs which have been lost, that, it is of the highest 
importance that anyone who undertakes this work 
should make himself thoroughly familiar with the 
conditions which prevail naturally. 

The arrangement of the teeth in a healthy, well- 
armed mouth is found to be that which is best 
adapted to the work which the teeth and jaws have 
to perform, and in providing artificial substitutes 
the best results are obtained when the general scheme 
of the natural teeth is closely followed. Mechanics! 
laws are, indeed, found to underlie tho arrangement 
which Nature has selected, and these laws apply 
generally when the natural teeth have given place 
to those made of .porcelain. If, then, the skull of 
a normal healthy adult with well-formed jaws and a 
complete set of natural teeth be carefully examined, 
a knowledge of the conditions prevailing and the 
principles involved may be obtained, which will 
constitute a useful guide when the artificial denture, 
as it is called, has to be constructed. 

The teeth, then, are seen to number thirty-two, 
there being sixteen in the upper and the same 
number in the lower jaw. The genera] conformation 
of the jaws and the arrangement of the teeth thus 
render it apparent that eaoh jaw is divisible into a 



pair, there being a right and a left side. The two 
sides correspond very closely ; in each the teeth are 
set upon a hoaped-up ridge of bone which runs round 
the jaws and forms its margin. The general arrange- 
ment of the teeth on each side is that of a curved 
line, so that the two sides combine to form, not a 
circle, but an arch, of which the part which is seen 
from the front fairly represents a part of a circle, 
while at the back the two extremities oj>en out to 
form, as it were, two horns. It is next seen that 
the various teeth differ within fairly wide limits 
in respect of their general shape and size, and 
here, again, the jaw is symmetrical, so that a 
description of one side will apply equally to the 
other. Starting, ' therefore, from the mid line of 
the mouth in front — that is, at the summit 
of the arch — wo find, first, three teeth with 
sharp cut- 
ting edges, 
followed, 
as we trace 
the bony 
ridge round 
Iho mouth, 
by five teeth 
of an entire- 
ly different 
kind, their 
g i) n e r a 1 
shape being 
that- of a 
cube with 
a broad, 
roughly 
square sur- 
face, wh oh, 
w h o n the 
mouth is 

do-ed, tits 
against tho 
similar sur- 
faces of 
the teeth in 
the opposite 
jaw [7J. 
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from this circumstance. In this region the curve 
begins to correspond to a circle of somewhat largor 
circumference than that whict^ obtains in the front 
of the mouth, and, as we progress backwards, the 
line gradually departs further and further from 
tho circle. • 

After the canine come two teeth which closely 
but not perfectly resemble each other; these are 
callod “ bicuspid ” teeth, owing to the circumstance, 
that their chewing surface, which varies from oval 
to square in general outline, carries two cusps or 
blunt points, which fit in with similar prominences 
on the teeth of the opposite jaw. The line of teeth 
is completed by three large “ molars,” massive 
teeth with a largo grinding surface, upon which 
arc four or live prominences or cusps. The 
last, tooth of the series that is to say, tho third 

molar- 
i8 popular- 
ly known 
as the “ wis- 
dom tooth,” 
as it does 
not gener- 
ally appear 
until years 
of discretion 
have been 
reached. In 
tho mouths 
of tho ma- 
jority of 
people in 
modern civi- 
lised com- 
munities it 
is distinctly 
smaller than 
the other 
molars, and 
is frequently 
lost by decay 
soon after 
it has ap 
poured. 
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7. SELECTION OF PORCELAIN TEETH 

a and ft. For upper metal plates c. Upper vulcanit e plates d. Lower vulcanite pi.: tea 


Generally speaking, w'e may say that the first 
three teeth serve the purpose of cutting or 
tearing the food, while the last five cru-h and 
grind the pieces of food between their opposing 
surfaces. More particularly described, the first 
or “ central ” tooth in the upper jaw is a broad 
tooth with a long and sharp cutting edge, the 
general shape being that of a wedge. The second 
or “ lateral ” corresponds with it fairly well, so far 
as general build is concerned, but is considerably 
narrower. < In the lower jaw, the central is oven 
narrower ^ than the lateral [7], The third or 
canine ” is & long, prominent, and strong-looking 
tooth, with its cutting edge carried up into a 
point; it bears some resemblance to the cor- 
responding tooth' . in . the mouth of carnivorous 
animals, auoh as the dog, and derives its name 


Upper and lower vulcanite plates 

An artificial denture, as a set of teeth is called, 
attempts to reproduce all, or any, of these teeth in 
a natural posit ion, except the wisdom tooth, which 
is considered unnecessary, and can be omitted for 
the sake of making the denture as light and as 
little cumbersome ; .s is consistent with efficiency. 

The artificial teeth used by dentists are made of 
porcelain, which is placed in a plastic condition in 
moulds formed from natural teeth which have been 
extracted, and is then fused at a high temperature. 
The teeth arc supplied by manufacturers, who make 
them in an immense variety of shapes, colour- 
shades, and peculiar forms to imitate nutural 
conditions. As the artificial teeth are to rest on the 
gums, instead of being inserted into the jaws as the 
natural teeth are, they, of course, have no root or 
fang, consisting of crown only. In the prooess of 
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their manufacture, two siunll pins, made of platinum, and around the indentations, a little paint composed 
are fused into the body of the tooth, and it is by of carmine or vermilion and oil. If this is done, 

means of these pins that the artificial tooth is and the artificial tooth then placed in position, a 

attached to the plate on which they are suppo ted. little paint will adhere to the base of the tooth. 

It is very necessary that the dentist should have at indicating the spot at which the tooth actually 

his disposal a very large selection of artificial teeth touches the model. The tooth should then be 

from which to choose a set for each particular case, ground away a little at this point to enable other 

The natural teeth vary within enormous limits, there parts of the base to tit into their place, 
being marked differences not only in size and Artificial Gums. In the mouths of old 
general shape and curious individual markings [7], people, and especially when all the teeth have been 

but also in the manner in which the teeth are lost, a peculiar change takes place in the bony ridge, 

disposed along the ridge of the jaw and in relat ion leading to its absorption or diminution, so that the 

to one another.* jaws present an almost flat surface. In such oases 

Selecting the Teeth. It is commonly it is undesirable to lit the artificial teeth to the gum, 

thought that all artificial teeth should be small, of for reasons which will be obvious, and it becomes 

a pearly translueency, and arranged in a perfectly necessary to provide a substitute for the bony ridge 

regular sequence around the jaws; but no opinion on which the teeth should be supported, 

could be more completely erroneous. A set of This substitute has two functions to perform. It 
artificial teeth of this kind is not only in many cases has to propout the lips, and so prevent that shrunken 

positively ugly, but it gives at once the appearance and falling-in appearance which is so characteristic 

of being utterly out of place in the majority of of toothless old age ; and it has to support the 

mouths, and at once reveals to an ordinarily obser- artificial teeth in a natural position. It is, of course, 

vant person the patent fact that the teeth are not very desirable that whatever material is used should 

natural. In natural conditions, it is very common resemble the natural gum as closely as possible, and 

to find one tooth in the front of the mouth slightly be so arranged around the necks of the artificial teeth 

overlapping its neighbours, or standing forward as to give a natural appearance when shown, as it 

somewhat prominently, or, again, set in the jaw at is likely to be in smiling. For this purpose vulgari- 
an angle not perfectly corresponding to that of the ised indiarubber, with which a suitable colouring 

other teeth. matter has boon incorporated, is generally used. 

These slight irregularities, present sometimes ou How the Plate is Fixed. The teeth 
one side of the mouth, and in other eases symmet- having been selected and fitted to their place, the 

rical, give character and expression to the teeth, next step is to decide in each particular case how 

and their absence often robs of all its individuality the plates carrying the artificial teeth may best 

a smile that would otherwise be charming. Suit- he retained in their proper position in the mouth, 

ability of colour is, again, of great importance. There are three chief methods of attaining this end. 

There are men whose general build, physique, and known as the methods of adhesion or suction, of 

complexion would lead anyone who was acc ustomed clasps, and of springs. The method of adhesion 

to observe what conditions prevail naturally to depends upon the fact that if two surfaces which fit 

expect to find broad, yellowish, bony, strong- accurately to each other he moistened, and then 

looking teeth; while in other eases long, slender, closely applied to each other, so that there is no 

almost transparent teeth, slightly blue at the tip, intervening air, atinospherib pressure will tend to 

Would seem essential to a proper conformity with the hold them together so that, they cannot easily he 

rest of the features. In the selection of teeth, there- displaced by a direct pull at right angles to the 

fore, it will he seen that there is a scope, and indeed surfaces. A plate carrying artificial teeth and 

a demand, for the exercise of no little judgment, accurately fitting against a large portion of the 
based upon careful observation and directed by palate and gums will, in many cases, be sufficiently 
trained artistic perception. adhesive to retain its place. 

Fitting the Teeth. In the workroom This method is specially useful ill dealing with 
these porcelain teeth have to be fitted to the plaster mouths in which all the natural teeth have been 
model which has been obtained in the manner removed, as in these c ire am stances it is possible to 

described. When the patient is young, and in cases obtain a more perfect fit, and the dent st is deprive 1 

where the natural teeth have not been entirely lost, of the assistance which ran b u d n rivo'l in other cases 

there is generally a strong and prominent bony by the use of clasps. These clasps are small bands or 

ridge around the margin of the jaws ; in such cases catches made of springy gold plate, It) carats fine, 

the best results are obtained by carefully fitting the and of gauge No. 8 in thickness, which are bent with 

porcelain teeth to the gum in such a way that they the pliers to a shape suitable for clasping the natural 

ap]K*ar to grow out of it, as natural teeth do. To teeth |4 and 6j. One or more of the natural teeth 

this end the porcelain tooth must be slightly on each side of the jaw are selected for this purpose, 

shortened, and that part which is nearest the gum. The clasps, which have been fitted in this manner, 

and is called the neck of the tooth, must be are then fastened to the plate which is to carry the 

eut so that it exactly fits against the surface of the artificial teeth, and serve to attach the plate to the 

gum. The cutting and fitting is done by grinding natural teeth when the plate is in position, 

the. edge with a small stone wheel, which is carried It occasionally happens, however, that the dentist 
on a lathe worked either by treadle or electricity. has to deal with a case in which no natural teeth 

Stones of various sizes are used, and it is best to are standing, and in which the force of adhesion is 

have several kinds ready for use, some for rough insufficient to retain the plate. In these circum 

cutting, others for fine fitting and smooth finishing. stances he has to resort springs, which are 'eoib 

When the teeth have been fairly recently ex- of fine gold wire, about lif in. in length, and about 

tracted, the model generally shows slight indenta- in. in diameter. The ends are attached to small 
tions along the ridge which corresponds to the gum, swivels inserted into the upper and lower plate ou 

and serve as guides for the placing of artificial the same side of the jaw. On each side of the j:»" 

teeth. As soon ns tho latter have been roughly the spring, therefore, forms a kind of hinge upon 

fitted into place, it. is best to place on tho model, in which the plates open and shut. 

Continued 
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far out from the body of the page, or short and 
broken pages make up the forme, bearers are 
needed to carry off the weight of the impression. 

Register and Casting. It is a canon of 
the printing art that consocutive pages should lie 
square, one on the other. This is termed register. 
To obtain register easily, the pressman has 
made tools named points , long thin pieces of iron, 
shaped like a screw-key, with a point sticking 
up in the handle. These are fastened with 
small screws in the very centre of the forme, 
one at each side, and make two holes in the 
sheet as it is printed. If the pages of the forme 
have been properly imposed, the pins will 
enter the same holes when the sheet is reversed. 
As a consequence, the pages will fall correctly 
on the back of the pages corresponding. 

The sheets of books and newspapers are printed 
rapidly on both sides, one side, after the other, and 
the ink on the sheet first printed, being wet, 
leaves a mark on the second cylinder which 
grows blacker with every impression. If left alone, 
tho one side of the sheet would quickly present 
the appearance of having been printed twice 
and become a mere mass of smudges. Prepara- 
tory to starting work, the pressman soaks thin 
sheets of paper of the size required in benzene 
or oil, dries them, and as soon as his tympan 
or cylinder shows signs of casting , pastes one on. 
renewing the sheet as necessary. Thu oil or ben- 
zene absorbs the ink, and keeps the pages clean. 

Getting Ready to Print. In the old 

days the forme was looked up on the hand 
press by means of wooden furniture and 
sidesticks. Later, however, the hand press 
was fitted with a chase, slotted on the inner 
sides, and fitted with steel bars, one of which 
was a double wedge ; flic bars could be fitted 
to any size of forme. On the platen of t he press , 
a notch marks the centre, and by means of a 
gauge the centre from front to back is best 
found. Then the quoins are driven in. and a 
touch with the mallet and planer sets it on its 
feet, or ought to. Meanwhile the pressmans 
assistant has taken a portion of ink from the 
can, and smoothly spread it along the back 
half of the table. He lifts down his roller, and 
lets it touch the ink, rolling it firmly on the 
table till the smooth zinc is a glistening black. 
When the roller is fully clad, the inker is ready 
to lx ‘gin. The paper is banked, and the bench 
bared to receive the printed sheets. All the 
other operations have been already described, 
and we now let the pressman lay on his sheet 
and begin work. 

Preparation of Cylinders. For cylinder 
machines there are two methods of packing, 
soft packing and hard packing, both of which 
have special merits. Soft packing is the 
older method, and is still preferred for general 
work. At each edge of the opening in the 
cylinder are fixed two steel bars. These are the 
clinchers of the cylinder packing. Loosen and 
take them out. Have a large piece of calico, 
capable of covering the cylinder when doubled ; 
double it ; lock the one side within the liar 
and, pull tight» gripping it at the other side. 


Paste together at one end about a dozen 
thin sheets of paper ; fix in, and draw them 
taut over all but the blanket, which is then 
put in. Brush the type-carriage table well; 
lay the forme in, and lock it round, giving 
it a gentle smoothing with mallet and planer. 
Though the forme may be properly placed, 
the cylinder may either crush heavily on it 
or fail to touch it. To adjust this is to find 
the pitch, according to tho slang of the trade. 
Every size of forme has its own pitch. But 
a gauge should lie ready to the pressman’s 
hand, which gives the pitch of the machine for 
every size and margin. If not, put a spot of 
ink on the edge of the cylinder, and turn slowly, 
setting the forme in position bo that tho ink 
will touch the impression bearer. The margin 
has been obtained, but the impression may la 
too light or too heavy. 

In tho first place, the attempt should be made 
to lighten tho impression by taking off some of 
the packing on the cylinder, or by putting more 
in to make it heavier ; but if that does not serve, 
the regulating screws at each end of the cylinder 
must bo slackened to lighten, or tightened to 
deepen the impression. As the balance of the 
cylinders in many faachines is so easily lost, and 
so difficult to recover, the practice of resorting to 
the screws to change the impression is not one 
to be recommended to beginners. 

In hard packing, simply stretch a sheet of 
fine cardboard in place of tho calico, use glazed 
paper for the packing, and instead of the blanket, 
put a strong sheet of glazed paper on top. Hard 
packing gives a fine clear impression, and serves 
very well for printing light, blocks ; but the 
cylinder has not. tho resilience and smoothness 
in running desirable in high-class book -work. 

Inking Up. At tho end of every ink table of 
a cylinder machine is the ink-duct, well filled 
with ink, and geared so as to give out a regular 
supply to the mixing rollers working beside it. 
The outlet, is governed by a set of screws in the 
back of the duct, and the pressman can restrict, 
or enlarge the supply at will. Tho best arrange- 
ment is that which gives seven rollers to the 
forme, arranged three and two and two ; the 
mixers or vibrators, that never leave the table, 
two that run up to nearly the head of the table 
and just cover the forme, and two that roll over 
two-thirds of the ink-table and overrun the forme. 
The first, set of rollers mix the ink, the second 
carry a large share of ink to the type, and the 
third spread the ink well over the type and 
table. The table must bo clear as a dark mirror, 
and the rollers free from lumps and skins of ink, 
or those dirty black spots called monks will 
appear on the sheets and spoil the work; on the 
other hand, the pale friars will show on the pages 
if the ink is stinted in supply or the rollers mmp* 

These directions form the basis of practice in 
all printing establishments ; at this point, varia- 
tion begins, the character and class of work in 
each place determining the divergence. Firmly 
grounded in the principles of his craft, the 
printer is able to adapt himself to the particular 
requirements of any office. 



Ninety Thousand Papers an Hour. It 

is in newspaper production that the most wonder- 
ful developments of the printing trade have taken 
shape and arrived at a high pitch of efficiency. 
Pernaps the highest achievements of modern 
mechanical genius are to be seen in the machine- 
room of the newspaper. Stage by stage, the 
newspaper printing machine has been developed, 
till, at the present time, 
from myriad complex 
engines driven at enor- 
mous speed, newspapers, 
folded, cut, and ready to 
read, pour forth in a 
continuous stream. 

The difference between 
a rotary machine and a 
oylinder machine consists 
mainly in |he fact that 
while the latter is a 
cylinder revolving on a 
flat type-carriage, the 
former is a series of 
cylinders, sheet and type 
cylinders, running on each other, pair by pair. 
Obviously, a higher rate of speed can be 
developed by two rollers running together than 
by a cylinder acting with a flat surface losing 
contact every revolution. 

The Rise of the Rotary. Colonel Hoe, 
of New York, was the pioneer in the produc- 
tion of the rotary machine. In 184N, Hoe 
erected a rotary for “ La Patrie,” of Paris, 
and some time after installed an improved 
model in a London newspaper office. Fascinated 
by the promise of immense’ speed in the 
rotary machine, inventors on both sides of 
the Atlantic were soon busy devising new 
machines on that principle. Jn 18fl5, William 
Bullock, of Philadelphia, devised an apparatus 
for feeding a rotary machine with the web 
of paper, producing the first automatic 
printing machine. In I8flfl, the proprietor of 
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rival engineer, each one trying to go one better 
than his rivals. Messrs. Hoe continued to add 
improvements to their machines, and the “ Hoe ” 
as it at present stands is probably the most 
perfect of its class. 

Here and there the printer may come into 
charge of some of the lesser known machines ; 
but those most in use are the Victory, the 
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Mari non i, the Whitcfriars, the Cottrell, and the 
Hoe, and to these we will devote detailed attention. 

The Victory. The Victory is a very 
complete rotary machine, and prints at the rate 
of 12,000 copies per hour, delivering them folded 
and ready. The type and impression cylinders 
revolve on each other in the centre of tho 
machine. At the hack, hanging clear of tho 
floor, is the paper web, damped on both sides by 
a couple of ingeniously contrived sprays. Tho 
dani|K‘d paper travels high overhead to tho 
centre of the machine, where it descends to re- 
ceive its first impression on tho inner forme, and 
winding round the impression cylinder it is 
carried up between the second pair of cylinders, 
there receiving the second and perfecting 
impression. Thence, on small guiding rollers, tho 
continuous sheet is conveyed through the cutting 
cylinders, and into the human-like fingers of tho 
folding apparatus. Tho 
inking arrangements ar6 
well conceived. Behind 
each type cylinder range 
a series of rollers, extend- 
ing from each ink-duct. 
First a feeder roller, then 
four vibrating rollers 
turning on the ink cylin- 
der, and next, two rollers 
running between the type 
and ink cylinders. 

The Marinoni 
Rotary. Without its 
delivering apparatus, tho 
Marinoni would closely 
resemble a calendering 
machine [see page 6747]. 
Ink-duct and rollers, type and impression cylin- 
ders, and again inking apparatus, are piled apovo 
one another. The tw T o midmost cylinders are tho 
agents of impression ; above and below them 
revolve the type cylinders, and at top and bottom, 
ranged in a graded series, are the inkers. It is worth 
while noting the separate features of this machine. 
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“The Times,” and his staff, built the Walter 
P*ogh printing from the web. Another forward 
wp made by the invention of the “ Victory 
Web* Printing and Folding Machine,” by which 
the automatic character of the printing machine 
Ipraoticall} completed. The rest of the 
record of the competitive efforts of 
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At the back of the body of the machine hangs 
the paper web, from which the paper winds 
under the damping apparatus and up between 
two smoothing rollers into the tier of cylinders. 
Led round the upper impression cylinder, 
it is brought into contact with the higher type 
cylinder, and then passes down between the 
lower pair, and through the cutting cylinders, 
thence with automatic precision to one and 
another of the four delivery boards in succession. 
Like all votary machines, the Mari non i is well 
furnished with inking rollers. From the ink- 
duct, sitting well within the machine, four 
rollers act on one another as mixers, the last 
of the series playing in contact with the ink 
cylinder, round which run three small rollers 
in addition to the pair of distributing rollers 
revolving between the type and ink cylinders. 
The original Marinoni has been greatly improved. 
For certain classes of work the cutting cylinders 
can bo reversed and made to cut the paper 
before it enters on printing, and a gearing has 


to be worked in sheets on hand. The plates 
have been curved, screwed on the cylinder, the 
impression adjusted, and the inking rollers 
placed. A feed board lies above each end of the 
machine, and on these the sheets are laid, the 
smooth side up on the one, and down on the 
other. It should be said that the machine 
is fully taped to guide the sheets and send them 
out straight. When the machine starts, the 
sheets follow each other, one from each board 
alternately, at the rate of 4,000* an hour, and run 
through between the cylinders, coming out on 
to the descending tapes, and beaten flat on to the 
receiving board at the bottom by a flyer hinged 
near the base of the machine. Fitted up for 
a newspaper, the Whitefriars has its feeding 
boards taken off. Instead, a web is hung under 
the fort' end of the machine, and a pair of cut- 
ting cylinders, with knife, geared in front of the 
feeding apparatus. If it be desired, a folding 
and cutting apparatus can be worked just above 
the delivery board for a newspaper. 



boeu devised whereby two rolls of paper hang 
behind the machine, keeping up a constant 
supply, the one coming into use as the other is 
exhausted, and the empty roll being replaced by 
a fresh web. 

The Whitefriars, Originally intended to 
l)C a fast perfecting two- feeder, this machine 
has been adapted to the web, and may be de- 
scribed as a useful medium between the newspaper 
and the book machines. In shape the White- 
friars differs greatly from all the other rotaries. 
It resembles a bridge, the four principal cylinders 
resting on the arch. The plate cylinders, which 
are in the centre of the structure, are curved 
spirally, with grooves cut and under-cut, so as 
to enable the screw-catches to travel to any part 
of the cylinder, and hold the plate securely. 
The size of the plate is of no consequence, as 
tho grooves are sot so that a very small job 
may be worked, and the plates may bo thick 
or thin. ; Suppose, first, we have a small book 
' & 870 u ; 


The Cottrell. The Cottrell rotary is princi- 
pally used for printing illustrated magazines, and 
it is on this machine that the Self-Educator is 
printed [45]. It is fitted with a patent shifting 
tympan for preventing off-set, and prints 64 pages 
folded and delivered in four 16-pago signatures. 
The cylinders are f;4 in. in circumference, taking 
a web 40 in. in width. 

The Hoe. Nothing could be more instruc- 
tive to the Btudent of printing than to glance 
into tho textbooks of the printing trade, and 
study the description given in each of the Hoc 
machine. The machine described is the one in 
use at the time at which the book was written, 
and it will be found that the dates of publication 
very nearly correspond to the successive stages 
in the development of this marvellous combina- 
tion of many inventions. Tho machine named 
the quadruple Hoe [46J is probably tho finest 
and most efficient machine at present working. 
Though designated quadruple, it has, in many 



instances, been converted into a sextuple 
machine, capable of producing eight -page 
papers at the rate of 72,000 per hour. The 
octuple Hoe [ 43 ] will produce the same at 
96,000 per hour, while the double octuple [44], 
with eight folders, will turn out 192,000 of the 
same papers in the hour. 

The Printing of the -Daily Mail/* 
About the time when the London streets begin 
to darken, the newspaper printing machines aro 
preparing to start. The student will remember 
that in our ^section on stereotyping wo left the 
curved newspaper plates cleared and fined [page 
5557]. Thus cleared and fined, the plate next 
passes on to the boring box. Specially made for the 
purpose, the borer describes the same arc as the 
surface of the machine cylinder, and the bed is 
the size of the “ Daily Mail ” page. Protected by 
zinc, the plate is put face downwards in the 
circular bed of the box, and fixed. The knives 
cut to the proper depth the ribs formed on the 
ribs of the mould, and at the same time the 
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the electric power, and the machine moves. 
The motion is slow, and after the paper has 
gone through, it stops while the foreman or 
his assistant swiftly scans the sheet. If the 
colour, impression, * and register are good, the 
word to start is given. In a few moments tin? 
mass of machinery is Hying at terrific speed ; 
the white paper runs otf the reel and into the 
dark maze of cylinders, while from under the 
folders at the other side comes a cataract 
of printed, cut, and folded papers. 

Commercial WorK. The jobbing printer 
is the man-of -all-work in his trade. He is the 
general servant of the trading public. Account 
tops, memorandum forms, trade circulars, price 
lists, and advertisements of many sizes come 
his way. Such a variety of work puts a strain 
on a workman’s invention, if ho tries to do it 
well. Very often the feeling of a task too great 
induces slovenliness, but jobbing firms have 
grown from small to great l>oenuse the heads of 
the firm and the staff made every little job a 
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cooling plate is pressed to the uniform size. 
Now the plate is ready, and it joins others on 
the hoist, to drop down into the hands of the 
machine man far below in the basement. Every 
hour 100 plates are sent down those hoists. 
An average of 550 plates is produced in a 
single night, using about three tons of metal. 
We follow the plates to the basement. Along 
the walls blocks and tackle, running on 
overhead rails, bear huge reels of paper, and 
stop in front of towering machines. Through 
the centre of the reel a geared spindle is run, 
arid is fixed in place by circular wedges. With 
thb help of the hydraulic wall crane, the retd 
is laid op the machine. Up among the cylinders 
in the heart of the quadruple machine [46] the 
men are busy. One by one the stereotype plates 
cdmfe, and are sent on the cylinders. When 
all arehi place the men come down, the paper 
’ffoe 'refel is led in,, and all is ready. By 
todchirig h i&ri&U wheel hung horizontally on a 
vertjchl ^haft depending from the side of the 
in^nihei i^e leading machine man calls on 


study. Good print ing can be produced as cheaply 
as bad printing. To equip himself for bis work, 
the jobbing printer has to study every detail of 
the trade. For him the hand press and hand 
rollers, the numerous varieties off t.y|>e, the 
mysteries of making ready, imposition, and even 
stereotyping and the cylinder machine, am 
necessary. 

Display. The jobbing compositor has a 
wider range than the jobbing office ; he appeal's 
in the book office and the newspaper establish- 
ment. Advertising has largely developed during 
recent years, and the demand for novel and 
artistic design will continue to grow*. The first 
requisite of the display compositor is a thorough 
knowledge of the relations of the various sizes 
of types to each other and the character of type 
faces. Because he works with letters, the printer 
is apt to forget that his work has a pictorial 
value. The general effect of a poster, for example, 
if rightly designed, will tell the passer-by the 
relative importance of the items advertised even 
before he has r^ad it. Newspaper advertisers, 
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employing, as they do, a costly medium, 
want value for their money, and the designer 
of the advertisements has it in his power to 
help or hinder the fortunes of his paper. The 
first aim should bo clearness, the second bold- 
ness, and the third, but not least, artistic 
unity. 

Platen Machines. Most jobbing offices 
utilise the platen machine to a greater extent than 
any other. It is at once a very simple and useful 
machine [«]• Within a frame the two main 
parts arc set perpendicularly facing each other, 
the one half holding the type-carriage, rollers, 
and inking apparatus ; the other, the impression 
platen and feeding-board. Locked, in a special 
chase, the type is laid vertically into 1 lie carriage, 
and fastened with a bracket screw. The rollers, 
fixed in spring forks, move up and down from 
the inking table on top, over the typj\ and back 
again, driven by a rod at the side. When at rest, 
the platen lies at an 
angle of 4o°, face up. 

It thus offers a clear 
opening to the feeder, 
and is otherwise easily 
managed. The paper 
being laid in on the 
platen, the machine 
starts, by 1 roadie or 
power, and the steel 
shaft fixed on the pinion 
wheel draws the two 
parts together, while the 
earn block under the 
platen lets it slip to the 
vertical position. Natur- 
ally, platen and type 
meet, and with turning 
of wheel and cam are 
brought back again to 
the start. The prin- 
ciple of making ready 
on the platen is the 
same as that for cylinder 
machines. Every dif- 
ferent model has special features of its own, but 
these can readily be learned by a little practical 
observation. 

Colour Printing. Two-colour, three-colour, 
and sometimes four-colour posters, handbills, 
programmes, or other jobbing work come to 
the printer, l^et us suppose the printer has 
undertaken to print a poster in red and blue. His 
best plan is to set up the type as if for a one- 
colour job. After the bill has been set up, the 
lines for the different colours are marked, and 
the bill divided into two sections, a skeleton 
being made of each. The blue lines are filled up 
on the red forme with furniture the size of the 
type, and the red lines have a similar substitute 
in the blue forme. If the first forme is properly 
printed, and the second forme, accurately gauged, 
is laid exactly in the place of the first, the result 
will be a two-colour bill os regular in its lines as 


if it had been printed in one colour. No matter 
what may be tne class or character of the work, 
the working principle is the same. Accuracy and 
cleanliness are the chief requirements in colour 
printing. 

Bronzing, (hiding, or bronzing, is accounted 
one of the fine arts of printing : but the process is 
simple, and easily learned. With good bronze 
dust, two brushes, one for laying on the bronze 
and one for clearing, a clear varnish, a clean, 
hard roller, and type fault lessly clean, the printer 
can produce fine bronzing. The type is lightly 
and evenly rolled with varnish, and the sheet 
printed. Over the wet varnish the bronze, taken 
up in the brush, is gently laid, and then wiped 
oft and rubbed up with the clearing brush. Many 
printing firms fail to produce good gilding, and 
the secret must either lie in poor quality of 
materials or bad workmanship. Clever boys have 
been known to produce beautiful work. 

Art Colour and 
Block Printing. In 
the realm of art the 
oldest and newest 
methods of printing 
meet. While it may be 
said that art colour 
printing has been carried 
on for a long period, the 
trade has only become 
important through the 
advent of the electro- 
plate and the process 
block. The latter, in- 
deed, has given a new 
meaning to art colour 
printing. Proofs s 
blocks are reproductions 
of pictures photo- 
graphed on plates of 
copper, and bitten in 
wit h acids. The absolute, 
accuracy of the photo- 
graph gives the printer 
any number of plates 
equal down to the minutest detail. To modify 
these for key-block or outline, and the successive 
colour blocks, is a matter comparatively easy. 
With the production of the blocks the printer 
has very little to do. [See Photo-Engraving.] 
Ills business is to print well the blocks sup- 
plied. In colour printing register is obviously 
of the highest importance. Every plate must 
fall exactly on the plate printed before it. To 
make sure, in addition to the points on the 
formes, drawing pins are fastened point outward 
in the tyrnpan or cylinder. Overlaying is carried 
to the finest point in the printing of blocks, both 
black and colour. As many as five or six skele- 
tons are frequently made for the overlays of 
blocks. First, the high lights are cut out and 
the deep shades patched; then gradually the 
scheme is worked till every little detail of the 
picture is effectively brought out. 
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By Professor JAMES LONG 


pOULTRY FARMING, an distinct from 
* ordinary poultry keeping, can as yet scarcely 
be described as a distinct industry in this 
country. Many attempts have been made to 
carry on work on isolated lines, with the result 
that there have been many failures. The farm- 
ing of poultry, however, in conjunction with 
some other industry, is a practical affair, and 
one which can be carried on with complete 
success 

Profitable Poultry Keeping. There 
are various ways of keeping large quantities of 
poultry with profit: (1) in conjunction with 
corn farming, stock farming, dairy farming, 
market gardening, orcharding, and, indeed, all 
industries the basis of which is the land ; (2) 
as a distinct occupation, (a) the fowls being kept 
in confined runs, and (6) the fowls having full 
liberty. Mistakes have been made by persons 
who do not understand the subject, in renting 
large areas of poor land under the impression 
that liberty was all that was required. But 
this is a mistake ; poultry, like other domestic 
stock, thrive best on good land, whore they 
find a much larger number of insects and animal 
life of other kinds, as well as plenty of clover 
and other rich and nourishing herbage. The 
best plan, however, is to keep poultry on the 
ordinary farm, using movable houses, and at 
such a distance from each other that the birds 
will not mingle in the breeding season, nor be 
induced to stray and lay where 1 
their eggs may be lost, or stolen. 

Where it is necessary to keep A 

hens in confined runs, these / - 

runs should be l~- 

large, the grass / tnr 

rich, and planted 

with half-standard 

fruit trees, or even, f 

in the absence of | jl IS&LX 

fruit, with standard ! 1 ifeO T- l L L X 

any kind which are ^mju**^ 11 **^ 9 ** 1 **^ 

suitable, and which 
are able to return 

a paying crop. The ~ j 

wire fencing itself 

may be made the ™ Jr t 

medium of the 1 

cultivation of either J ■ jJ..™ 

fruit or flowers g9. movable house, sii 
which may be 

trained, or which will naturally climb. The 


poultry is sufficient alone to spoil a grass crop 
intended for hay, so that in most seasons it 
may not even be worth the cutting. 

Grain food for poultry should l>e purchased in 
the wholesale market, as at Mark Lane. The 
ration should at least three time's per week con- 
sist part Iv of meat, or bone, and a supply from a 
dealer in horseflesh should bo arranged tor. If 
the paunch of the sheep or bullock can bo 
obtained, well cleaned and cooked, this will bo 
found the best form of animal food. 

Weight and Composition of the Egg. 

The weights of the average egg of the various 
British and French breeds of poultry were 
carefully taken bv Lemoinne, the French 


pert, as follows: 

>z. 

grs. 


oz. 

grs. 

Brown-red Game. . 

2 

5>9 

Langshaus .. 

2 

09 

Buff Cochins 

*2 

20 

Polish 

2 

22 

Leghorns 

2 

99 

La Flcche . . 

2 

20 

Cn'ivccu'ur .. 

2 

33 

Court cs Pattcs 

2 

08 

Houdan 

2 

83 

Grey Brosse . . 

1 

39 

Black Brcssc 

2 

30 

Guinea Fowls 

1 

13 

Gnurnay 

2 

20 

Hamburgh* . . 

1 

30 

Silver-grey Dorkings 

1 

41 




The composition of the 

‘ egg as ascot* 

tained at 


•iP 


poultry farmer is not able to pay the rent of 
good lands over which his birds may roam at 
liberty unless it is cultivated and grazed or 
cropped. The movement of largo numbers of 

1 s «8 


the agricultural experiment station of New 
York State was as follows : 

Twenty-nine eggs analyst'll (Hallo in feed of albuminoids to 
carbohydrates, as 1 to 7*27 ; ratio of ash to total dry food, 
as l to M ’3) : Average, water, 72*83 ; fat. If 0(1; albuminoids, 
1 i*3fl; ash, 0*87 ; total solids, 27*17. 

Eleven eggs analysed (Kalio in feed of albuminoids to 
carbohydrates as 1 to 3S1 ; ratio of ash to total dry food, ns 
1 to 27) : Average, Muter, 75*22; fat, 
A 9*28 ; albuminoids, 12*78 ; ash, l*4f» ; 
* total solids, 2170. 

T went > -two eggs analysed i Ratio in 
■ >f albuminoids to carbohydrates as 
L to 7*24 ; ratio of ash to 
total dry food, us 1 to 
f>fl) : Average, water, 
74-27; fat., 0*5)4 ; albumi- 
noids, 12*75) ; ash, 0*74; 
total solids, *25*73. 

Tn t his experi- 
ment the birds were 
fed upon different 
mixtures of food, 
in order to ascertain 
which yielded the 
* n best result, albu- 

^ , minoids, or llesh 

*V ’ '^5*^ formers, as albumin, 

f r* 1 fibrin, gluten, and 

f casein, being allot- 

MOVABLE HOUSE. HIIOWIS'I OUTSIDE NEST BOX 

irally climb. The carbohydrates, or heat givers and fat formers. 

as starch, sugar, oil and fat. No eggs were 
analysed until tho feeding had been continued, 
for three months. The average per fowl is 
given on the next page. 
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Pen 

Proportion of 
ftlhuiDlnoiilfl to 
carbohydrate* in feed 

No. o* 
W 

Average weight of one 
egg hi grammes 

1 

X : 3‘7 


55-01 

2 

1 : 7-27 1 

33-75 

65-67 

3 1 

i 1 : 3-8 1 

12-25 

! 53-70 

4 i 

1 1 : 7-24 

41*42 

1 52-89 


I Proportions op White and Yolk (Shell 

Free). 



White 
j.«*r tent. 

Yolk 
per ernt. 

No. i. 

Average of 40 eggs . . 

63-95 

3605 

„ *• 

„ „ 43 „ .. .. 

65-21 

34-79 

„ 3. 

*>l 

65-33 

34-67 

>» 4. 

„ „ 50 

62-38 

37-62 

■ 

Average 

64-22 

35-78 


Analysis and Weight of Poultry 
Manure. The following figures represent 
the analyses made by the late J>r. Voelcker, 
and by the great German chemist, Emil Wolff. 



Fresh. 

I'&r flail) 
Dried 

Moisture 

01*63 

41*06 

♦Organic matter and ammonia salts 

20-19 

38*19 

Tribasic phosphate of lime (bone phos- 
phate) 

2-97 

5*13 

Magnesia, alkaline salts, etc 

2*63 

3*13 

Insoluble sill clous matter (sand) . . . . 

12*58 

12-49 


100-00 

100-00 

•Containing nitrogen 

1*71 

8*76 

Equal to ammonia . , 

2-09 

4*59 


B| 

1 

if 

ll 

©00 

! 

» 

li 

1 

| % P°S 

1 


•s 

0 

Egg (ash 9*2) 

737 

_ 

20-0 

3*5 

1*6 

2*1 

1*0 

0*1 


Pigeon dung 

610 

308 

17*6 

17*8 

10*0 

ho*7 

16*0 

5*0 

3*3 

Fowl . . . . 

560 

255 

16-3 

15*4 

8*5 

1*0 

24*0 

7*4 

4-5 

Buck . . . . 

566 

262 

10*0 

14*0 

6*2 

0*5 

17*0 

3*5 

3-5 

Goose . . 

771 

134 

6*5 

5*4 

9*5 

1*3 

8*4 

2*0 

1*4 


In an investigation made by Messrs. E. and 
W. Brown, at the poultry farm connected with 
Reading College, the weight of manure produced 
by various kinds of poultry, together with its 
composition and money value, were approxi- 
mately ascertained, and the work was so good 
that it deserves to be recorded for reference. 
First, four fowls, which were fed in confinement, 
were tested, their weights being as follow. 

A. Wyandotte 
cock, weight 6 lb. 
12 oz., age 1C. 
months; B. Fave- 
rolles hen, weight 
51b. 12 oz., age 15 
months ; 0. grow- 
ing chicken, weight 
3 lb. 12 oz., age 
14 weeks; and I). 
fattening bird, 
weight 3 Jb. 8 oz., 
age 15 weeks. 

In one week in 
June, A produced 
1 lb. 13 oz. of 
manure, equal to 
28 8 per cent, of the 
weight of its body ; 
B, 1 lb. 14 o/., 
equal to 29 6 per 
cent. ; C, 1 lb. 
2J oz., equal to 
30 8 per cent. ; and 
D, 1 lb. 13 J oz., 
equal to 52 per 
cent. Thus, in 
twelve months A 
would produce 94 J lb., and B 88£ lb., so that 
24 fowls similar to A would yield a ton in a 
year, containing 38 lb. of dry matter per bird. 

Quantities and Values of Poultry 
Manure. In a similar test with an Aylesbury 
duck weighing 7 lb. the manure produced in a week 
was fi lb. 10J oz., equal to 346 lb. in a year, or 
76 lb. of dry matter. The turkey tested weighed 
17 lb., and produced 41b. 1 Joz. of manure in a 
week, equal to 212 lb. in a year, containing 
53 \ 1 b. of dry mat ter. Thus it would take 6$ ducks 
or 10 £ turkeys to produce a ton of fresh manure. 
An adult goose produced 10 lb. 1 oz. of manure 
in a week, equal to 523 lb. in a year, containing 
91 lb. of dry matter, so that four geese would 
produce nearly a ton of fresh manure in twelve 
months. The composition of the manure 
varied remarkably. That of birds at liberty 
contained 59 per cent, of moisture and 40 per 
cent, of dry matter, while that of the birds in 
confinement contained 68 per cent, of moisture 
and 31 per cent, of dry matter, which was much 
richer in nitrogen than either of the previous 


A large proportion of starchy or fatty foods, 
such as maize, appears, therefore, to be most 
favourable to egg production. 

Specific Gravity op the Eon. 


No. 1. Average of 40. . 1-088 
„ 2. „ 24.. 1-080 

„ 3. „ „ 11.. 1-095 


Ekk« 

No. 4. Average of 34. . 
Brown-shelled . . 
White-shelled 


Pee Cent, op Shell in Fresh boos 


Kir«» 

No. 1 Average of 40 . . 9-98 
2. „ „ 43.. 9-95 

„ 3. „ „ 21.. 10-78 


No. 4. Average of 50. . 
Brown-shelled . . 
White-shelled .. 


t-091 

1-087 

1-092 


10-86 

9-06 

10-82 
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samples. The manure of ducks contained 
78 per cent, of moisture and 22 per cent, of 
dry matter ; of geese, also at liberty, 82 per 
cent, and 17 per cent., and of turkeys, 74 per 
cent, and 25 per cent. The manure of the 
goose was much the poorest of any, while the 
manure of chickens six months old was much 
poorer than that of the adult fowls, and the 
remark applies in a lessor degree to that of 
chickens one month old. We take one example — 
that of poultry at liberty: the composition of 
the manure was as follows : moisture, 50*5 ; 
dry matter, 40 ‘5 ; containing nitrogen, 1 *75 : 
containing phosphoric acid, 100; containing 
potash, *54 

Estimating nitrogen to be worth 12s. per unit 
(1 per cent, per ton), phosphoric add 3s. . and 
potash 4s., Messrs. Brown further estimated the 
value of fresh manure per ton at 20s. 2d. for 
fowls at liberty, 21s. lOd. for fowls in confine- 
ment, 32s. 5d. for fattening fowls, 10s. 5d. for 
ducks, 8s. 4d. for geese, and 10s. 2d. for turkeys. 
Supposing, therefore, we take the value of the 
manure produced during the life of a laying hen 
extending to 2j years, we find from the same 
experimenters that it reaches 2s. 4jd. 

Poultry - houses and Runs. Rome 
words are necessary in order to define 
the requirements and the form of construc- 
tion which poultry-houses of various types 
should take. Where poultry arc kept in large 
yards, the runs surrounded by wire or iron 
fencing, the houses are usually fixed, it is, 
however, very convenient to construct them so 
that they can be moved at will, for the ground is 
quickly tainted, and protection may be afforded 
against wind and rain or against a too powerful 
sun. There is, however, the advantage in a fixed 
poultry-house j91] that the floor can be specially 
prepared. The earth 
should be removed to 
the depth of at least a 
foot, fine strong wire 
netting, through which a 
rat cannot pass, being 
laid along the bottom 
and fastened to the 
lates on which the 
ouse is fixed. On the 
top of tho wire bal- 
last, or chalk may be 
placed, covered with 
sand, and finally with 
dry lo**m. This can be 
daily raked for the 
removal of the manure, 
after which, when necessary, it may be re- 
sanded, or fresh dry earth distributed, the soil 
being an excellent deodoriser. Such a house 
will be practically vermin proof. 

Movable Houses. The movable poultry- 
house in the limited run may be provided with 
wheels, and these aro now manufactured so 
that the wheels are lifted when tho house is at 
rest ; or with two pairs of arms, a pair at each 
end, thus enabling a couple of men to move it 
when required. Where movable houses are 
employed in the fields, they should be of larger 


construction, sufficient to shelter from 50 to 
70 hens [89], Each house should be lightly but 
strongly constructed, especially for securing the 
birds against theft. There should be perches 
fixed 1 ft. or 2 ft. above the floor, according to 
the size of the birds, and nest boxes, which may 
be examined from the outside of the house if 
necessary, a lid covering them, secured by a pad- 
lock. In some eases, movable houses are provided 
with wooden floors, removable for cleaning, 
about 18 in. from the ground, the space beneath, 
which is enclosed oil three sides, becoming a 
shelter for the birds [94]. 

hi all cases it is essential to provide light and 
ventilation. The ventilation should be above 
the perches, so that the birds do not roost in 
a draught. Light is essential, for many reasons; 
it prevents an accumulation of germ life, while it 
induces the birds to leave the perch earlier in 
the morning and to seek it later at night. 

Fixed Houses. The lean-to house [99J is 
one that is generally constructed in the backyard 
or garden of limited space. It is built against a 
wall or fence, from which the roof slopes forward. 
In such a case there should never be many hens 
kept together, six being ample. A run should be 
attached, and like the house itself, roofed and 
wired in front, wire netting of a strong gauge and 
medium-sized mesh being employed. The floor 
of the house and run in this ease should bo at 
least f> in. higher than that of the yard or garden 
outside, and made in a similar manner to that 
already described. Where no roof is provided 
for a run, the soil quickly becomes foul and 
unhealthy, and, indeed, no one should attempt 


91. FIXED HOUSE AND RUN 

to keep hens in a limited space under such 
conditions. 

Making Poultry»houses. Tho material 
employed in making poultry- houses may be 
either matchboard, tongued and grooved, 
or for cheaper houses, rough feather- edged 
board, which can be subsequently tarred. 
Matchboard can be painted and more easily 
preserved if it is well put together. The roof 
of a house may be of wood, tile, slate, thatch, 
or iron ; wood will usually be selected, as being 
the simplest and most inexpensive, iron and slate 

5875 . 




MHHOULTUfllK 

being too hot in summer, while thatch provides 
a harboui; for vermin, and is easily set on fire. 
A wooden roof may be protected by paint, tar, 
or tarred paper, subsequently sanded, or even by 
tarred felt. 

Whether a house should be ready-made, or 
built by a neighbouring joiner, or even by him- 
self, the owner must decide ; unless he is expert 
with tools, he will find it a much wiser plan 
to visit one of the great agricultural or poultry 
shows, where there are 
large displays of houses 
ana other appliances by 
manufacturers, many of 
which arc extremely in- 
genious, priced at a com- 
paratively low figure. There 
can be no doubt that a 
ready-made house, easily 
taken to pieces or put 
together, can be purchased 
in this way at a lower cost 
than it can be constructed 
by an ordinary joiner. 

Small Houses and 
Fencing. Poultry -keepers 
who exhibit their birds at 
exhibitions are compelled 
to keep single cockerels, or 
adult cocks, in small houses and runs by them- 
selves. A single house may be divided for this 
purpose into three compartments. Tt should be 
lean-to in shape, with a perch across t he centre, 
a small door at the. back, and an opening in t he 
front for the bird to pass into the wire-covered 
run provided. In «a house divided into three 
compartments, a run with a partition must be 
arranged for each. Without a partition, the 
birds would see each other, attempt to tight, 
and damage their plumage, comb, and ears. 
These houses should be movable, for, their size 
being extremely limited — about 2 ft. x2 ft. 3 in. 
for a bird of medium size — the grass is quickly 
soiled, and they require a change. 

In constructing the fencing -which encloses 
poultry runs on which hens arc kept for 
laying or breeding purposes it is important 
that the standards 
should be substantial. 

They had better be of 
squared oak, at least 
4 in. x3 in., the part 
let into the ground 
being doubly tarred or 
crcosoted. In some 
cases, however, iron 
standards are em- 
ployed, small grooves 
being made in each 
rod where wire is to be fastened. The fencing 
material may either be very strong galvanised 
meshed wire [93J, carefully strained and pegged 
to the ground, or galvanised iron hurdles [92 J, 
which are made for the purpose, to various 
patterns and in different sizes. These are more 
easily taken down and re-erected, but they are . 
very costly. Strong diamond netting is some- 
times employed, but this, too, is costly. 
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Reavers and Brooders. Haters and 
brooders, like incubators, should be purchased 
from a good maker. Great advances are being 
made in this work. In some cases large breeders 
construct houses facing the south, the whole front 
being glazed, within which are long, narrow 
runs, carefully sanded and fitted ^at the back 
with hot pipes which pass from end to end of the 
building, thus warming a number of compart- 
ments, in each of which a large number of young 
birds is placed. This system 
is also adopted on a much 
smallor scale for the warm 
mg of movable brooders [95], 
a lamp being employed to 
heat the pipes. 

There is, howover, much 
difference in the require- 
ments of the breeder. The 
beginner may be satisfied 
with a large packing-case, 
provided with a good lid and 
ventilated by the aid of a 
centre-bit sufficiently large 
to produce a number of 
round holes placed two- 
thirds of the height from 
the ground. The floor of the 
box may be sanded, or 
knocked out altogether, but in this case the soil 
should ho perfectly dry, and kept clean. A 
good lamp being provided, a piece of perforated 
metal may he converted into a cylinder that it 
may l>e covered entirely, and kept in the centre 
of the box, so that when they require warmth, the 
young birds may collect around the cylinder, 
and enjoy the heat which the lamp produces. 
Between this home-made affair and the elaborate 
heating system to which we have referred arc 
many stages and modes of rearing young chickens 
which may be examined at exhibitions already 
referred to, or in manufacturers’ show-rooms. 
In all cases, however, cleanliness is the next 
essential to warmth, if, indeed, it is not equally 
as important. 

Cramming Pens and Coops. Fatting 
pens which are used in the artificial fattening 
of poultry are gene- 
rally constructed in 
rows, and placed under 
shelter out of cold 
winds and rain, and as 
far as possible kept at 
a temperature of 58® to 
62°. Fatting birds ate 
more successfully fat- 
ted when kept in 
small companies of 
half a dozen or so 
The size which is recommended for the pen is 
from 18 in. to 20 in. high, and from back to 
front, by 30 in. in width. Each pen is practically 
constructed of wooden bars in. apart, those 
composing the floor being shaped 'so that the 
bottom of the bar is much narrower than the top, 
this preventing the manure clinging to them— 
and, indeed, facilitating ita passage below* The 
birds are fed in the fatting pens from troughs for 
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about half the time they are under the feeding 
process, cramming then continuing to the end. 

The illustrations we have provided indicate that 
there is a great variety of hencoop [see page 5092] 
in the market. A coop should be of planed wood, 
painted each season, the object being to exclude 
vermin, as well as to keep it in repair. 

Fattening for the 
Market. The system 
of artificially fattening 
chickens for the table, 
which has so long pre- 
vailed in France, is 
now extensively adop- 
ted in this country. 

The best birds for fat- 
tening are those which 
have been well fed 
when at liberty, and 
arc healthy and al- 
ready plump. They 

should, if possible, be 
of the best table 

breeds, or crosses of 
those breeds. The 

birds should bo from 
twelve to fourteen weeks old, and as large as 
possible. Although this is the programme of 
English and French feeders, them is in Western 
America a poultry farm on which, incredible as 
it may appear, 40,000 Leghorns, a small, non- 
table breed, are fed for market purposes with 
success. The feeding period lasts from fifteen 
to twenty-one days, the latter not being ex- 
ceeded, for birds when ripe*, for market- should 
be fed no further, and killed after twenty-four 
hours’ fasting, whether they have reached two 
or three months in age. 

Fattening 
fatten i n g 
chickens must 
not be of an ex- 
citable nature, 
nor possess 
o r o o k c d 
breasts. 

After iwenty- 
f o u v hour s’ 
fasting, they 
are put into 
the feeding- 
pens and fed 
twice daily for 
a b out t o n 
days, when 
cramming 
begins. The 
food supply 
should consist 
of Sussex 
ground oats, barley meal or wheat meal, mixed 
with new milk, or, in its absence, skimmed milk, 
to which, in either ease, a little cheap mutton 
fat is added. This is at first given in very small 
quantities, J oz. per day, but it should not 
exceed | oz. daily. The troughs must bo care- 
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fully cleaned, and the birds supplied at each 
meal with newly-prepared food mixed to a thin 
dough. Some persons use mixtures af ground 
oats, with toppings or fine sharps or barley 
meal, maize meal, or bfickwheat meal ; ex- 
perience will, however, show what mixture 
answers best. The cost of the food supplied 
should not exceed 6d. 
for the whole period. 

Cramming. When 
cramming commences, 
the birds are fed either 
by machine, by the aid 
of a funnel, or by hand. 
The meal is made into 
somewhat stiff boluses, 
which, after dipping into 
milk, are passed by the 
thumb and forefinger of 
the right hand into the 
gullet, and worked into 
the crop until it is full. 
Where the funnel is 
used it is placed in the 
mouth of the bird, and 
a cropful of thinner 
paste passed down. Similarly, where the French 
cramming machine is preferred the paste is made 
sufficiently thin, and is passed into the crop 
through the mouth, in which a nozzle is placed. 
The quantity, being regulated, is forced into the 
crop by the pressure of the foot upon a treadle. 

Preparing for the Market. The birds 
make their chief gains a few days after cram- 
ming commences. Little improvement is 
effected in the first week, and not much more 
in the last, weight being cl lie. I ly put on during 
the middle period. Three weeks’ fattening in 
this way should increase flu? weight of an 

average bird 
from l f lb. to 
2J lb Killing, 
wh ich is per- 
formed in 
various ways 
— a nd wo 
think the bird 
should first be 
stunned before 
the knife is 
employe d — 
picking, shap- 
ing, and pack- 
ing for market, 
should be car- 
ried out in care- 
ful accordance 
with the re- 
quirements of 
the salesman. 

Arrangements having been made to deliver 
birds to a salesman, the greatest caro should be 
exercised to exclude any that are imperfectly 
fattened or which are below the weights for 
which a contract or arrangement has been 
made. 

followed by !>KK-KEErrNU 
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CENTRAL ENERGY SYSTEMS 

Repeating Coils. Lamp Signals. Traffic Arrange- 
ments, Subscribers’ and Junction Switch Sections 


By D H. KENNEDY 


Central Battery System. Coineidently 
with the progress already described, attention was 
being directed to another important problem. From 
the point of view of maintenance, the most trouble- 
some feature in a subscriber’s telephone set was the 
battery. Many attempts were made to devise a 
system which would replace the numerous sub- 
•cribers’ batteries by one central source of energy 
looated at tho exchange, where skilled supervision 
was available. The problem bristled with diffi- 
culties, but these were gradually overcome, and 
several equally good solutions are now in existence. 
Probably the most popular is that of I)r. Hammond 
V. Hayes, the main feature of which is the use of a 
special form of repeating coil. It is really a small 
transformer [see page 1057], with four equal 
windings, each having 3,000 turns and 40 ohms 
resistance. 

The Repeating Coil. Every pair of con- 
necting plugs and cords in n central energy exchange 


battery through a lino relay, and the connections 
pass through the 'double armature contacts of what 
is known os a “ cut-off relay.” Normally, owing 
to the presence of the condenser, no current flows. 
When a subscriber lifts his receiver he brings his 
transmitter and ono of the induction coil windings 
across tho line ; the current from tho battery flows, 
the lino relay B [12] is energised, and its armature 
connects the signal lamp across the battery, the lamp 
glows, and so attracts the attention of the operator. 

Answering. It is desirable that tho lamp, 
having fulfilled its purpose, should now be put out. 
and this is arranged for by utilising tho test wire and 
introd uoing the cut-off relay A [ 12 ). The sleeve of tho 
operator’s three-way cord is in connection with tho 
battery, and when the operator inserts her answering 
plug a current flows through the cut-off relay, and 
continues to do so as long as a plug is in connection 
with the subscriber’s lii.e. This puts out the lamp, 
as the battery and line relay are now cut off from 



11. PRINCIPLE OF CENTRAL ENERGY EXCHANGE 


vjt'.coieri* $ 



12. subscribers’ line 

CONNECTIONS 



qjj [ fe 1 *** 


of the Hayes type includes one of these trans- 
formers, arranged as shown in 11. The central 
battery is of accumulators, 11 in number, giving 
approximately 24 volts. The resistance must always 
bo very low, and is only a small fraction of an ohm. 
The two subscribers’ transmitters shown are each 
fed with the current from the main battery. During 
conversation variations produced in the A sido 
are repeated by the action of the transformer to 
the B side, and vice versa. H undreds of such repeat- 
ing coils may be connected to one battery of adequa to 
dimensions without any interference from pair to 
pair occurring. This . 

is attributable, first, to 
the low resistance of 
the battery ; and, 
secondly, to the fact 
that the windings of 
the repeating coils are - 
arranged so that they 
oppose their induc- 
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tile subscriber’s lino, so far as this path is con- 
corned. Simultaneously, however, a new connec- 
tion with tho battery is established by means of the 
tip and ring of the plug and two windings of the 
repeating coil. The “ ring ” conductor has in 
circuit a relay. This is the answering cord super- 
visory relay. In order that the presence of it 1 * 
inductance may not act deleteriously, it is provided 
with a non-inductive double-wound shunto When 
the operator connects with the waiting subscriber, 
this relay is energised. Its armature connects tho 
40-ohm shunt across the terminals of the answering 
cord supervisory lamp. 
So lonjj as the sub- 
scriber is at his tele 
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tance to any alternating currents entering from the 
battery. 

Connections of Subscribers* Line and 
Cord Circuit. The diagrams [12 and 13] will 
enable ns to consider in detail the arrangements both 
at the subscriber’s station and at the exchange. 

The subscriber’s apparatus consists of a trans- 
mitter, a receiver, an induction coil, a magneto bell, 
and a condenser. In the normal position of the 
automatic switch only the bell and condenser are 
joined across tho lines. The exchange end* of the 
lines, it will be observed, nro connected to the 


phone this relay is 
energised, and tho 
lamp is dark because 
of tho shunt. The 
restoration at any 
time by the subscriber 
of his receiver to its normal position on the 
automatic switch allows the supervisory relay 
armature to drop back and causes the lighting 
of tho lamp, the current flowing from tho 
negative pole of the battery through the 83j-ohm 
resistance coil, the lamp sleeve of hush 

of jack, test wire, and cut-off relay, A similar 
arrangement exists on the calling com side. The 
lam|>B in the cord circuits are 12-volt lamps. Tho 
student should note that the 83 J-ohm resistances 
are necessary to enable a sufficient variation to be 
produced by the shunt. 
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The Operator's Set. In the circuit of 
the calling plug there is included a combined 
listening and ringing key. The operation of the 
listening key bridges across the circuit, the operator's 
receiver, and one winding of the induction coil. A 
two-miorofarad condenser is included, so that the 
supervisory relay is not actuated. 

The operator’s transmitter is 
connected directly to the main 
24- volt battery. A 140-ohm 
retardation coil is in circuit, in 
order to reduce the voltage at 
the terminals of t ho transmitter 
to 5£ volts. A two-microfarad 
condenser is joined across the 
terminals of the primary coil 
and transmitter, to provide a 
pat hi or the fluctuating currents. 

The operator speaks to the 
answered subscriber through the 
medium of the repeating coil. 

The operator’s transmitter is 
of the breastplate pattern, 
made of aluminium, and weigh- 
ing only a few ounces. The 
headgear receiver is provided 
with a band to hold it in 
position, and it is also very 
light. These are shown in 14. 

Engaged Test. Having 
ascertained what number is 
required, the operator tests to 
ascertain if the subscriber is 
disengaged by raising the calling 
plug and pressing its tip against 
the bush of one of the subscriber’s jacks. It is 
clear from what we have already stated that if 
the subscriber is connected for speaking at any 
point, the test wire will be “ live,’’ and on touching 
it there will be a click in the operator's receiver. 

Calling. If, on the other hand, the line 
wanted is disengaged, no click will be heard, and 
the operator will press home the plug and press 
forward the key, in order to call the subscriber. 


Ringing currents from the exchange generator will 
pass out to line, and will actuate the magneto bell 
at the subscriber’s section, the impulses passing 
through the condenser. The lamp in the calling- 
cord circuit will light when the operator connects 
with the suberiber, and will remain alight, except 
during the ringing periods, until 
t ho subscriber responds. When 
he docs so, it darkens, and the 
operator leaves the key in the 
normal, or through position, 
knowing from the fact that 
both lamps are dark that both 
the subscribers are at their in- 
struments. 

Clear Signal. On finish- 
ing their talk, the subscribers 
hang up their receivers, and 
both line circuits are opened at 
the automatic switches. The 
cord-circuit relays are thus de- 
energised, their armatures »fnll 
back and open the shunt cir- 
cuit, thus allowing the cord 
lamps to glow. 

Metering the Call. Im- 
mediately before withdrawing 
the plugs the operator depresses 
the “ meter key.” This records 
the call on the meter of the 
subscriber with whose line the 
answering plug is in connection. 
It simultaneously counts one on 
the operators position meter 
and lights a red lamp in front 
of the operator, to indicate that its functions 
have been correctly performed. 

In order to avoid complication, the meter cir- 
cuit has been omitted from the diagram. ft will, 
however, be sufficient to explain that each sub- 
scriber's meter is joined in parallel with the cut-oil 
relay. The meter, therefore, receives current from 
the 24- volt battery when the eiit-ofT relay is energised: 
but its resistance is fiOOohms, and it is not affected 
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thereby. When the operator depresses the meter 
key she connects a 30-volt battery to the sleeve of 
the plug, and this sends a current which is strong 
enough to effect the desired result The meter is 
merely a Veeder cyclometer mechanism actuated 
by a specially designed electromagnet 

Continuous Insulation Test. One very 
annoying feature of the magneto system was that 
faults were dis- 
covered only when 
an effort was made ✓'^3 
' to bring the circuit ^ 
into use. On the 
central energy sy a* 4a 

tem faults Suo to 16 ' SUBSCRIBERS c \LLINC- 
breakdown of the lamp 

insulation announce themselves immediately they 
appear, and are removed in many cases without the 
subscriber knowing anything about them. An 
earth fault on the A line causes the line relay to be 
energised, and therefore gives a permanent glow 
on the calling lamp until cleared. Contact from 
line to line has a similar effect. To provide for faults 
on the B, or “ |ower ” line, special lamps are pro- 
vided. These are not in 
the switch-room. As they 
are provided purely for 
this “ test,” they are put 
in the “apparatus” room 
along with the relays and 
meterH, where they are 
under the constant observation of the engineering 
staff. 

Subscribers’ Induction Coil. The in- 
duction coil at the subscriber’s station, although 
not absolutely essential, serves two useful purpose*. 
It allows the receiver to be removed from the main 
circuit, and thus kept free from the effects of the 
heavy current. It also enables the condenser to be 
brought into use for enhancing the 
effect of the transmitter. Every 
variation in the resistance of the 
transmitter varies the difference of 
potential at the transmitter terminals, 
and is therefore accompanied by a 
series of rapid charges and discharges. 

These pass through the receiver and 
one winding of the induction coil, and 
the latter by mutual induction affects 
the winding in the main circuit so as 
to supplement the effect of the tran« 
smitter. 

Detailed Description of a 
Switch Section. A switch sec- 
tion [15] is arranged to accommodate 
three operators. One complete section 
of the multiple spreads across the 
upper section of the board, and is 
distributed within nine vertical panels. 

The method of numbering is a little 
peculiar at first sight, due to the 
fact that it begins from 0 instead 
of from 1. The first hundred jacks 
are therefore numbered 0 to 99, 
and are known as the “ nought 
hundred.” The next 100 is from 
101 to 199, referred to as the “ one hundred.” 

It will be seen that the introduction of this in 
significant cipher results in all the numbers in a given 
block commencing with the same figure. The 
jacks are arranged in strips of twenty. At the bottom 
left-hand corner of the multiple the “ nought 
hundred ” can be observed. Within the limits of each 
hundred the numbers read in the same way os in a 
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book — left to right, and downward*. The blocks 
of hundreds, however, read frgm left to right and 
upwards, this arrangement being necessary morn the 
fact that the multiple is only built up from time 
to time as the growth of the exchange demands. 
A 9-panel multiple has for some time been the 
standard, the jacks being spaced | in. apart from 
centre to centre. Some makers have advocated a 

10- panel multiple, 
which would have 
the advantage of 
putting the hun- 
dred blocks in 
proper docimul 
order. Immediately 
below the sub- 
scribers’ multiple panels, and separated therefrom 
by several blank panels, there is a second , mul- 
tiple, known as the “ junction multiple.” It 
contains the jacks connected to the lines to other 
exchanges, and these arc multiplied once every 
six panels. The letters on the white label strips 
above them are the codes of the respective 
exchanges. Beneath the junction multiple in the 
centre of each operator’s 
position there is another 
strip of 20 jacks, which 
is used for “ busy-baA ” 
connections and record 

circuits, the latter being 
circuits to the trunk 

exchange, by means of which subscribers can 
dictate their wishes to the trunk record operator 
when they require a trunk call. The lower 

panels contain the subscribers’ calling-lamps [16], 
and above each the corresponding answering 

jack 1 17]. Thi* answering lamps are numbered 
in regular numerical order from left to right and 
upwards. These are subscribers’ portion numbers, 
and do not change. The answering 
jacks, however, may be connected to 
any pai ticular subscriber, and a fisruro 
plate on the right of the jack gives 
the number of the connected sub- 
scriber. 

It will be noted that the operator 
requires to take no cognisance of^his 
number. If the lamp lights, it is 
necessary for her only to plug into 
the jack above it, and carry out the 
wishes of the subscriber who speaks. 
The three panels which constitute 
an operator’s position are provided 
with a number of answering jocks and 
lamps in accordance with the character 
of the exchange. If it is a very busy 
one, the number may be as low as 
80 ; if, on the other hand, it is a 
residential exchange with message- 
rate subscribers, the number may go 
co * > ' up, as in this case, to 180, each of the 
panels having 60 lamps. 

Beneath each block of 60 answering 
lamps there is a large white lamp, 
known as the “ pilot lamp.” When any 
one of the 60 subscribers calls, the pilot, 
lamp in a given panel lights up at the same time as 
the answering lamp. In the centre panel there are, 
in addition to the pilot lamp, two other large lamps, 
one red and the other green. The red one is the 
“ meter lamp,” of which more anon, and the green 
one, the “ instruction lamp.” The last-named is in 
connection with the supervisor's desk, and by it 8 
means the supervisor can attract the attention of 
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.•iny one or all of the operators, and transmit to 
them any required information. 

This disposes of the vertical part of the switch 
section, ana we shall now deal with the keyboard, 
which projects in front of the operator to a distance 
of 15 in. 

Beginning from the rear, we havo a line of 17 
answering plugs [ 18 ] ; and next, a line of 17 calling 
plugs, each of these being, of course, paired otf 
with an answering plug. Vari-coloured cords [ 19] 
are used; the first pair may havo red cords, tho 
second blue, the third green, and so on. This 
use of colours facilitates the identification of cords 
when a connection is being taken down. fn front 
of the calling plugs there are 17 meter keys; then 
two rows, each containing 17 supervisory lamps, 
the rear row for the answering cords, and the front 
row for the calling cords. 

The next rank, and the one furthest forward, 
consists of 17 combined listening and ringing keys, 
and in line with these on the extreme right there 
is an 18th key, which is used for linging on “c dl 
wires” at night. 

To the left of the operator’s position can be seen 

a number of , 

small buttons, | 
resembling the 
keys of an 
English con- 
certina. 'These 
are variously 
known as 
“ order wire 
keys,” or “ call 
wire keys,” 
these boing 
the American 
and English 
synonymous 
titles. 

Junction 
Sections. 

Sections of the 
kind just de 
scribed are 
known as 
“su bscribers’ 
operators’ sec- 
tions,” tp dis- 20. JUNCTION SECTION- 

tinguish them 

from junction sections [20], or the same distinction 
is effected by referring to the subscribers’ .inswcr- 
ing position as the A position, the incoming 
junction section being called the B position. 

In largo telephone areas, such as London and 
New York, where the proportion of inter-exchange 
traffic may be 80 per cent, to 90 per cent., tho 
j auction traffic becomes exceedingly important, 
and at a given exchange the number of B 
operators may be equal to half of the A operators, 
in spite of the fact that arrangements are made 
which allow of the B operator dealing with a 
relatively larger number of transactions. Eig. 20 
shows a typical B section. Like the A section it 
provides positions for three operators. As there 
are no subscribers’ lamps, ih* multiple l.egns 
lower down, tho subscribers’ multiplo and junction 
multiple together occupying the whole of the 
vertical space. 

The incoming ends of all junctions terminate 
in plugs, Tn front of each plug there is a corre- 
sponding signal-lamp, and in line with this alistening 
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key, and what is known as a 14 machine ringing 
key,” from the fact that when once depressed to call 
a subscriber it remains actuated until the sub- 
scriber replies, when it is automatically released. 
The headgear of tho B o|H?rut.or is permanently 
connected to the call wire, or call wires, coming 
from tho exchange or exchanges from which come 
her set of junctions. The B operator usually 
controls 2G junctions. 

A Through Call. Now let us describe 
a transaction passing through two exchanges. 
The subscriber calls the A operator, she inserts 
the answering plug, turning over the listening 
key and replies. The subscriber asks for B Ex- 
change No. 3G9. The operator immediately 
depresses the B exchange call-wire key, and says 
to the B operator “3<>9 A.” The B operator 
being thus informed of the number required 
and t.lu* exchange making the request, observes 
which of the junctions from A are not in use 
by looking at the plugs and names one of them, 
say 15. The A operator immediately connects 
to the number 15 B junction, the operator turns 
No. 15 ringing key, lifts the plug, and tests the 

required sub- 
scriber. If no 
click is heard, 
she presses for- 
ward the plug 
and depresses 
the No. 15 ring- 
ing key. If, 
however, the 
subscriber is 
engaged, the B 
operator con- 
nects the plug 
to one of the 
“ busy - back ” 
jacks. This has , 
the effect of 
sending back 
on the junc- 
tion line to the 
calling sub- 
scriber an 
intermittent 
b u t /., w h i c h 

-TMtEK *‘u” POSITIONS means “line 

tngaged.” The 

lumps in eiscuit give flashing signals until tho 
calling subscriber accepts the intimation, and 
restores his telephone, when the lamps give the 
ordinary signals described later. 

Calling currents will circulate from the generator 
at tlio.B exchange continuously until the subscriber 
answers, and the B o)ierator is required only to 
keep an eye on the ringing key, which automatically 
restores, as before stated, when the subscriber lifts 
his receiver to reply. 

At the conclusion of the conversation, when 
the subscribers restore their receivers, the two 
lamps at the A exchange arc actuated. Tho 
A operator depresses the meter key and dis- 
connects. Immediately she does so the lamp at 
B lights, indicating that the junction may be 
cleared, and the B operator takes down the 
connections. 

It will be seen that a B operator has but little 
to do, and she can accordingly deal with more 
transactions per hour, the* recognmexi average 
for a good B operator being 309 calls. 


Continued 
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in the following manner. First let down the 
temper of the hard steel by heating the pallets a 
cherry red* after they have been removed from 
their arbor. Let them cool gradually. Then a 
file will bite them well, and they can be tiled to 
shape, first filing out the worn marks, and then 
bending the soft steel into proper shape to avoid 
wasting more metal than is absolutely necessary. 
Next smooth and polish up the acting faces in the 
ordinary manner. The pallets must then be bent 
to embrace the number of teeth that they originally 
*did, for the filing will have widened the space 
between them, and this is best done by very gentle 
squeezing in the jaws of the vice, squeezing in half 
the distance first, and then reversing the pallets 
and squeezing in the other half. Now they must 
be tried in the frame and the proper depth ing 
arranged for. If it is not much it can be effected 
by lowering the cock a little. If you have to bend 
the pallets more than once you must heat and 
allow to get cool before each bending or the 
steel will snap. When the drop and escapement 
is satisfactory heat the pallets a cherry red and 
plunge into cold water ; then brighten a portion 
with emery and heat again till that portion becomes 
a straw yellow; after which allow them to cool. 
New pallets must be made in the same way from 
soft steel, or steel which has been let down, filed 
out to shape, made to fit and work, and then tem- 
pered. The old pallet will serve as a model. 

Collets. These are short, brass or steel 
cylinders or bosses which lit on arbors. Those for 
the reception of small wheels are made out of 
brass and turned oil an arbor in the turns. An 
arbor for this work is a grooved, slightly tapering 
piece of steel with a fixed ferrule for the how string, 
and with pivots at each end to run accurately 
between two female centres on the turn. They 
arc very useful for truing wheels and other work 
where a perfect centre arbor is required. Collets 
for the hands are known as split collets, because 
they have a slit in them just as long as the collet 
is wide. 

New Pivot Holes. It often happens that 
in the adjusting of a clock or the setting up of a 
new one that the pivot holes in the plates are 
unsuitable. When this is the ease new holes have 
to be made. This is the ordinary method of doing 
the work. 

Ascertain the direction of the principal wear 
in the* old pivot hole, and then with a broach, which 
is a four or five-edged steel tapering cutting tool, 
something like a leather punch, enlarge the hole, 
first filing the unworn parts till they are equal to 
the worn parts with a round file. The hole should 
be made three times as large as it was before. 

* Now tak£ a piece of brass thicker than the plate 
and drill & hole in it smaller than the pivot requires. 
Mount this on an arbor and turn till it accurately 
fits the hole. Chamfer the edges of the hole 
slightly, knd rivet in the new piece. File it level 
with its plates and polish off. Then gradually 
enlarge the hole till it just takes the pivot, and 
countersink the outside edge to hold the oil. This 
operation can be very speedily performed after a 
little practice and will give much better results 
than attempting to close the enlarged hole. 

When a raised bush is required, as is the case 
when the action on the pinions* has to be shifted, 
the piece of brass put in as a bush must be a good 
deal thicker than the plate, riveted level on the 
outer side/ and filed down to the right thickness 
m the inner face. This expedient will save many a 
clock. • 


CLOCK* AND WATCHCft 

Eccentric Bushes. Should you desire to 
make a new pivot hole, and are not quite certain 
about the depthing of the wheel, but would like to 
have a little latitude, which will enable you to 
adjust it after you have put in the bush, there arc 
two methods of doing this. If you have a lathe 
with a chuck which will hold a stout piece of brass 
wire, select, a piece which is a good deal larger than 
the hole which you have broached in the plate, 
which in this ease should be four times ns large as 
the original pivot hole. Turn the wire to fit the hole, 
and then with a tap of the hammer set it just as 
much out of truth as you wish the. pivot hole to be 
eccentric. In this new position centre the Hat end 
of the wire and bore a small hole, not quite so large 
ns the pivot. 

Next see that the hole in the plate is nicely 
chamfered, and is slightly wider on the outside 
than on the in. Cut off the wire a very little thicker 
than the thickness of the. plate, and enlarge the 
pivot hole with a broach just to hokl its pivot. Then 
lit in the bush and the pivot, and you will be able 
to turn the eccentric bush round in its hole till the 
depthing of the wheel is exactly right. A few taps 
with the hammer will then close the riveting and 
hold the bush firmly in its place. If necessary, the 
slightly projecting portion may be filed down, but 
after a little practice the right amount will be easily 
estimated, and the riveting will make all flat 
enough to polish. The pivot hole must now be again 
enlarged to permit, tin* pivot to turn freely, and then 
polished with a smooth, circular broach. Making 
c< untersinks for the oil completes this job. 

If you wish to make an eccentric bush without a 
latho and only with the turns, you will have to 
make a bush in the ordinary way on the arbor, then 
plug the central hole and drill a fresh one. a little 
out. of the true centre. This is unsatisfactory, and 
under such circumstances the following will be the 
best course to pursue. Broach out the old hole to 
an irregular shape to prevent the new plug from 
turning. Fit a plug filed to fit it exactly and rivet 
it in its place with a round-faced hammer. File 
down amt polish. Now try the depth and where the 
point of the pivot rests; when the depthing is right, 
make a mark, and there drill a new pivot hole, 
afterwards countersinking the off-hole. 

RacK Tails. Frequently in a striking clock 
the rack tail will be found to be at fault, and this is 
easily tested by allowing the rack to fall till the 
tail rests on the lowest step of the snail. The 
rack hook should then hold the rack in such a 
position that there are twelve, teeth to be gathered 
up. If the rack tail be now placed on the highest 
step, the rack tooth should rest in tho first tooth 
space, leaving only one tooth to be picked up. 
If these conditions are not fulfilled the rack tail is 
robably is faultily made, it is as 
well to know how to calculate the length of a new 


With a pair of compasses measure tho distance 
from the centre of the stud upon which the rack 
turns to the points of the rack teeth. Calt this AB, 
ami strike an arc of a circle with centre A and 
distance AB. Call this arc BCD. Again measure 
the distance the ra°k teeth fall for 



twelve to be struck, and with this 
for radius and B for centre, describe 
an are cutting BCD at C. ^Toin 
AC and BC. Take the' total dis- 


4 lance the rack tail has to fall, 

5. diagram f r om the highest Step to the lowest 
TO cut rack of the snail, and call this BO. 
TAIL Measure this distance from B along 
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BC. BO is the distance. Through O draw a line in a drum exactly like a watch spring, which we 
OE parallel to BA and cutting AC at E. Through shall shortly describe, a centre wheel and pinion, 
E draw a line parallel to BC cutting AB at F. a third wheel, and a 'scape pinion and wheel. The 
EF is the length of the new rack tail, which can escapement is usually of the dead-beat type, but 
then be made on the model of the old one as to in the case of drum French clocks the escape is a 
fchape. recoil. They have very short pendulums, with a 

Plates and Pillars for New Clocks, relatively heavy boh. The pallets and the ’scape 
If you wish to make a new clock, you had best iirst wheel are very often on the dial of the clock, 
purchase your train of wheels according to the beat and then are gilt; this entails the pinion, on a very 
of the pendulum which you intend to use. Care- long arbor, being within the frame, and the ’scape 
fullv measuring the exact size of these wheels wheel on the end of a prolonged pivot. Often a 
with your callipers, set them out on a piece of paper second blank wheel is found on the 'scape arbor 
the size of the plates, or the approximate size within the clock to ensure steadiness, 

thereof, beginning with the centre wheel. Remember The crutch is short, and passes through the pro- 
file depthing, and allow the teeth to engage two- jecting part of the pendulum rod, which has a slit 
thirds of their depth, which means that for measure- in it instead of a fork. The suspension spring often 
ments you must take off one-third of the depth has wlint is called a regulator Brocot, which operates 
of the teeth of each wheel to get its centre. Follow- on the pendulum spring itself by being slid up or 
ing on on this plan, map out on your paper the exact down, thus shortening the effective length of the 
positions of the centres of each pivot, doing your pendulum. 

best to get the escapement in the centre line at The striking parts of French clocks are all marked, 
the top. so no possible mistake can occur in putting them 

When this is done take' t wo pieces of hard brass together. The old ones have not a snail like our 

of the requisite size and file and face them up till clocks, but a locking plate instead, which works in 

they are perfectly true. Then polish them to a fair the reverse manner, otherwise they are very much 

polish. Now pin those two together with two or the. same, and a few minutes'" ins {lection will 

three small pins close to the edges of the plates. explain tlieir notion better than pages of description. 
On one of them copy your plan, setting out the Turret Clocks- These enormous clocks, used 
positions of the pivot holes. The* plates are now for church towers and for large public buildings, 
placed under a vertical drilling machine and holes are the work of a special class of cloekmaker. The 
drilled through both plates at the same time. theory upon which they are built is the same as 
Clean out the holes. that of our regulator clocks, but, of course, their 

Pillars in the rough can be bought for the frame, massive character makes it necessary to keep as 

and these must be filed and polished up. Pin- many wheels along a horizontal line as possible, 

points and holes for the pins must be made at one Moreover, each wheel has to be capable of being 
end of each, and at the other rivet bosses. The removed from the frame without disturbing the 

pillars are then riveted into holes made in the rest of the clock, so all run in bushes instead of 

back plate, and the shoulders of the pin points will pivot holes. 

fit into the holes made for them in the upper plate They are fitted with heavy pendulums. The great 
if the holes were all drilled at the same time while length of the hands, which in winter may be loaded 
the plates were fixed together. By this method the with snow and are often accelerated or retarded 

clock ease is made perfectly true and square. by strong winds, makes special forms of escapement 

The wheels will then have to be fitted, each one to desirable. The ’scape wheel to which we have grown 

its own pivot holes, which may have to be slighfly familiar is sometimes replaced by four or Hix 

enlarged, and will certainly have to be polished with legged stars. The best have detached pallets;, that 

a round broach and chamfered on the outside face. is to say, that each pallet is on a hinge by itself. 

The treatment of 41 le wheels and pinions will be and is weighted so that it returns to its place by 

precisely the same as the fitting of a new wheel and its own weight and at the same time imparts an 
pinion described under Repairs. Studs to hold the impulse to the pendulum. Owing to the long time 
minute, wheel and other portions of the. mechanism which they take to wind, some special arrangement 
will have to be riveted into their places according has to he made to keep the clock going while the 

to the plan; but this is really mere practical heavy weights are being slowly wound up. This 

mechanics, and not horology. If the foregoing arrangement is known as a maintaining power, 
pages have been digested and the practical work which, by means of a spring, or of additional weights, 
studiously followed, there should be little difficulty keeps the great wheel turning quite independent 
in making the clock go well. of the main weights for a short- time. The main 

Other Forms of Clocks. One of the most weights then net again for a second oi; two, re- 
delicate forms of clocks which are to be found all turning the maintaining power, too, in its place, and 
over the world are the French clocks. They are immediately that again begins to act, and so the 
usually to be found in marble cases or under glass clock keeps going without a stop. The mechanism 
shades, and in many unimportant- particulars they is complex, and not likely to come within the scope 
differ from the British clock to which we arc now of the ordinary watchmaker, and certainly not of 
accustomed. The mechanism of French clocks is the beginner. 

small, and might almost be called large watch work. The theory and designing of these clocks is the 
so slender are the pinions and so fragile the wheels. work of advanced scientists, and the construction 
The typical French clock has the following wheels forms a part of very heavy and accurate mechanical 
in the going train — great wheel turned by a spring engineering. 

Continued 







MUtIC 


may be assured that the effect would be anything sists essentially of a fairly large and tolerably 

but pleasing ; a passage so pianistic requires well balanced body of strings ; wood* wind 

ontirely remodelling to fit it for stringed instru- represented by two flutes, two oboes, two 

ments. In passing, however, attention should clarionets, two bassoons, with the addition, ad 

be drawn to the fact that when it is necessary to libitum, of a piccolo, cor anglais, bass clarionet, 

distribute a passage among different instruments, and double bassoon, and, on. occasion, even 

in order to avoid a “ break ” at the joins it is further reinforcements ; four horns (occasionally 

advisable to make the parts overlap — that is, to six or eight ; these instruments are always 

let the new part be taken up before the previous employed in pairs), two or three trumpets, two 

one ends [59]. However, even if this wero done tenor and one bass trombone, one tuba (these 

in the present instance the passage would still last forming a quartet of brass), two or three 

be uncomfortable, and to obtain the best result timpani, and other percussion instruments at 

we must rearrange it, taking advantage of our the pleasure of the composer. A harp is a not 

knowledge of tho violin family to make it lie infrequent addition. 

well for the instruments. The translation given The beginner will feel at a loss to know how 
bears a considerable resemblance to the original. to dispose of this great mass of instruments, 

Ex. 46. Allegro moUo (Mendelssohn) 



and is not at all difficult to play. In crossing but let him reflect that it is not at all necessary 

tho strings every use is made of the open for all of them to play at once. In his first 

notes [56]. But this is not the only possible attempts at scoring he will do better to err on the 

version. Here is another even easier, though less side of thinness than the reverse, to which end 

closely resembling the original [57]. A few' lie should start by writing for small orchestra, 

typical passages may here be given with a sug- or, better still, for theatre band. Let him con- 
gestion for their treatment, the device of double- aider the wood- wind as the solo stops, as it were, 

bowed notes proving exceedingly useful [58, 60, of an organ, impressing his mind early with the 

and 61]. precise tone-colour of each instrument. 

The Full Orchestra. The term “ full It will be as well if, at this point, we consider 
orchestra ” is used to denote the collection the wood-wind apart from the rest of the orches- 

of instruments generally found at the prin- tra, and afterwards endeavour to combine them 

cipal London concerts, and for which modem with the strings. And, first, as to the tone-colour 

composers are accustomed to w rite. It con- of each separate constituent. Can anyone w r ho 

\ 





has heard Dvorak’s New World Symphony forget 
the luscious effect of the flute low down in’ the 
phrase [62]? A typical instance of the higher 
register of this instrument may Ik* found at the 
beginning of the second act of “ Carmen,” where 
two flutes play [63]. Owing to the flute's exces- 
sive delicacy the greatest care is necessary in 
accompanying a solo; strings should be almost 
invariably employed for the put post*. It may 
be stated, as a rule, that when a wind instrument 
has a melody, another instrument of tin* samo 
kind should not be in use This does not apply 
to the example above, where the two flutes in 
thirds form the essential feature of the melody 

The oboe in solo work is best kept in the middle 
of its compass ; the lowest notes are a trifle 
coarse, and the highest inclined to be squeaky. 
Its tone is so distinct from any other instrument 
that it will probably be the lirst the student will 
learn to recognise. It is well adapted to pathetic 
phrases and less suited to lively music*, although, 
from its association, it is frequently used for a 
pastoral effect. One* quotation will suffice, which, 
although rather high, is effective [ 64]. 

The clarionet is, perhaps, the most useful of all 
the wood- wind, partly on account of its extensive 
compass. Its tone-colour in the higher rcgisler 
differs considerably from that of its lowest 
octave, consequently it is possible to make an 
exception to the rule given above and allow a 
melody on one clarionet to be accompanied on 
another. The clarionet seems to have been 
Weber’s favourite instrument, and a glance at 
almost any of his scores will reveal many beauti- 
fy. 48 . Andante (Beethoven) 


ful and characteristic instances of its use. For 
solo use in the orchestra the bassoon has com- 
manded less attention than it deserves ; it has 
great expression of pathos on its higher notes, 
though florid passages low down invanably sound 
grotesque and comic. Beethoven, w r ho treated 
all instruments with loving partiality, has left 
us some charming specimens of basscxin writing. 
Note the contrast between the mournful solo in 
the Rondo of the Violin Concerto [ 65] and a 
passage from the Fourth Symphony [66J. 

Besides these “pi unary colours” there are 
numberless others to be obtained by a judicious 
combination of wood-wind. A fc w of the simplest 
may be briefly mentioned. Flute and clarionet in 
octaves, usually with the former above the latter ; 
a very sweet tone results from this combination 
if the music lies in a suitable register. By substi- 
tuting an oboe for the clarionet the tone loses 
something of its pureness, but is rather more 
penetrating Clarionet and bassoon in octaves is 
also effective if the melody docH not lie too high. 
When more than three instruments are combined 
on one part the tone-colour loses distinction but 
gains in intensity, and additional instruments 
make but little* difference except in tone-quality. 

Although not stnctly of the wood- wind class, 
the hom bears a decided resemblance to those, 
inasmuch as it combines beautifully with them 
and, furthermore, has valuable piopertics as a 
solo instrument. Its soft, dreamy tone in 
piano is unapproachable. In addition to this 
its tone m a fotte is quite “brassy” ; a passage 
for horns such as that shown in Kx. 67 has 
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almost the effect of trombones. Since tffere was responsible, not Beethoven. The weakness 
are four of them in the orchestra, four- part of the wood- wind when played against the strings 

harmony on horns is possible and exceedingly forte has been insisted on at some length, as it 

effective. Considerable use is made of them, is a fact invariably overlooked by the beginner, 
moreover (especially by German and modern and his disappointment at finding a choice 
British writers), for filling in and sustaining counter-subject rendered inaudible from this 
the middle parts of the harmony, which gives cause is generally the best reminder of the 
an effect of fulness to the music ; but this futility of his scoring. He is then apt to acquire 
should not be indulged in to excess, as it results an exaggerated idea of the weakness of the 
in monotony of colour. wind, and if he scores a pianissimo melody for. 

Now let us combine our forces, and add thereto say, a solo 'cello with a light wood- wind accom- 
a couple of trumpets, three trombones, and a pair paniment he will be liorritied at the loudness 
of kettle-drums (timpani). This brings before and coarseness of the latter. This merely bears 
us another question, balance of tone -that, is, out what was said of the smallness of the wood- 

the different degrees of sound intensity possessed wind's range of tone. When ‘ anything like 

by each instrument. Until we know something delicacy is wanted for an accompaniment the 

of this it will be impossible to say, in any given strings arc unapproachable, 

passage, what will predominate. Normally, We arc now in a position to score some simple 
the highest part will stand out more than a pieces for full orchestra. The Menuetto from 
middle one or the bass. Hut the matter is more Grieg's Piano Sonata in E minor will be easy 
complex than this. Score a few bars suitably and effective for a first attempt. The opening 
for full orchestra, mark each part off, and what might be given to the strings — it must hr 

is the result? You will hear the trumpets, from- remembered that it is not necessary to lay out 

hones, and drums ; if tin* violins are written the harmony in “ handfuls ” when dealing with 

high up you may hear them to some extent. the orchestra ; at the fortisximo the tone should 

The wood-wind are inaudible. be rein forced by the addition of the wind ami 

Having learned from this which instruments brass, keeping the wood-wind high up and the 

can play the loudest, let us inquire which are best lmuss nicely laid out over the harmony, the 

able to play pp. The honours are fairly divided violins, perhaps, in octaves on the melody, 

here, but again the timpani may lie considered At the double-bar the melody in thirds would 

to hold tirst. place with an almost inaudible lit two clarionets, accompanied by strings. The 

roll, followed closely by the strings, horns, and accents on the second beat might be reinforced 
the low notes of the clarinet and flute. With with other instruments. The trio will afford a 
these two exceptions the wood-wind are least good opportunity for the wind and strings to be 
able to play pp ; that is, they have the smallest used antiphonally. Score the first eight bars 
range of tone of any save the harp. This latter for wood- wind alone; the llufe had better have 

instrument is the tirst to be swamped by horns the top part, and the bassoons maybe omitted 

and wood-wind, and must be written high up or not. at pleasure. The succeeding eight bars 
if it is to be heard at all. In a forte without should be strings alone. At the return of the 

brass tin* strings have it all their own way, unless minuet it would be well to vary the treatment 

the wind are massed together high up, and even somewhat, for the sake of variety, 

then the balance w ill not be good. In a passage Other pieces suitable for full orchestra will 

from Beethoven’s Fifth Symphony [68] it is readily occur to the student. Beethoven’s 
probable that the imitation on the wood-wind Funeral March from the Sonata Op. 20 offers 
has never been heard; if it lias the conductor good scope, Schumann’s Carnival (a selection), 
Ex. 49. (Mo/ ucr) 
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n*any of Schubert's Ex. 00. ~ 
inarches, and Dvorak's $va, 

“ Bohmer Wald ” piano 
duets, although more* 
difficult, would be very 
effective. 

Before we can mat e 
any progress in modem 
orchestration it is, above 
all things, essential to 
the student t-o hear his 
work performed, how- 
ever badly ; and at 5^ 
that performance let 
him listen with all liis 
intelligence alert, ana- 
lysing every sound and 
comparing it with what 
his imagination had 
depicted. He will learn 
more from hearing and 
co mpre liending his 
errors than from pages 
of written instructions, 
provided he has ac- 
quired the groundwork, 
the technique, as it 
were, of orchestration. 

Much can be done from 
the study of scores, but 
only those he has heard 
and well remembers the 
effect of in performance. 

It will take years of 
experience before he ran 
realise the sound of a score he has never heard. 

We can but briefly refer to the other varieties 
of orchestra previously enumerated. 

The Small Orchestra. The small 
orchestra, as written for by Beethoven and his 
contemporaries, is only the full orchestra with 
the trombones and the second pair of horns 
and all extra percussion omitted. The strings 
are also assumed to be reduced in number, and 
extra instruments, such as piccolo or cor anglais, 
are not admitted. Both in treatment and effect, 
this orchestra may be considered to stand 
midway between the full orchestra and the 
theatre band, which latter will repay more 
detailed, consideration than it generally receives. 

The Theatre Band. The theatre band in 
its ideal form consists of these instruments: one 
flute, one oboe, two clarionets, one bassoon, two 
horns, two comets, one trombone, one pair of t im- 
pani and various percussion, and a small selection 
of strings. With a band of these proportions 
the most charming effects can he produced, 
but alas! it is frequently found to be in a sadly 
mutilated condition. The horns may be missing, 
or the bassoon, then the second clarionet is dis- 
pensed with, and finally, from motives of 
economy, it is reduced to the septet band — 
string quintet, flute and comet ! Nevertheless, 
there are quite good theatre bands to be found 
in London and elsewhere, and we may devote 
a little space to their consideration, because 
it is most probable that the student’s early 

It 




*Ex. 52. hSem .U Aw) 



attempts will gain a performance by this com- 
bination. 

The methods employed with the full orchestra 
will want some revising for this differently 
balanced force. Take the brass for instance ; 
the one trombone (a tenor) is apt to appeal 
useless to the beginner, but by writing the 
cornets low down, three-part brass harmony .is 
possible, and the horns may assist. The first 
cornet is perfectly well able (and willing) to 
play the melody, but is easily made to sound 
vulgar in this capacity, and for artistic scoring 
these useful instruments should lx*, considered 
a compromise between trumpets and trombones : 
moremer, in the absence of horns they will 
make an efficient substitute. 

The principal use of tin* wood- wind will be 
for solo work, but owing to the paucity of 
strings they seem to possess more sonority 
than usual. The clarionets and bassoon may bo 
used for sustaining harmony in the middle. 

But it is upon the strings that the chief 
burden of the orchestra will rest. Even more 
than before is this the ease, and it is but seldom 
that we can afford to leave them out entirely. 
Owing to their small number it is not often 
advisable to divide them, although this has 
been done at times with wonderful effect. It 
should be remembered that as the orchestra is 
somewhat sunken the scoring may be mado 
rather thicker and noisier than would be 
good for the concert platform. But much will 
depend on the purport of the music ; if it 
is incidental music, to be spoken through, it 
cannot be mado too light, and the wind had 
better i>e eschewed almost entirely. There is 
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plenty of scope m this biam li ot orchestration 
for improvement; the ordinary romposer of 
light music seldom troubles to think out new 
effects ot scoring. 

The Wind Band. The wind band, as found 
in this country, is not a very artistic combina- 
tion. It consists, approximately, of flute, oboe, 
two clarionets, two horns (somet lines omit ted) two. 
cornets, trombone (sometimes two), euphonium 
and side-drum, thus bearing considerable res cm 
blance to the t heat it* band minus the strings. 

It is unnecessary to say more ot this than has 
already lieen written; only the simplest kind 
of music is suitable for such treatment. 

The Brass Band. The brass band, such 
as is heard chiefly in the North ot England, 
approximates somewhat to the militaiy band. 
Kx. 56 . 

1st Violin ir — 


The list of their transposing instruments is rather 
terrifying. The latter is constituted something 
as follows: Piccolo in E 7 , fluUp in oboe, 
cUiionets m E 7 , tirst clarionets in B 1 ?, second 
c lanoncts m B 17 , third clarionets in B t 7 , alto clario* 
net in K 7 , four horns in E* 7 , two cornets in B 7 , 
two bassoons, two trumpets in E 7 , two baritones 
in B 7 , two euphoniums in B?, three trombones, 
two bombardons in E 7 , contrabass tuba in B 7 . 

In the brass hand the wood-winds are omitted ; 
sometimes the clarionets are substituted by 
saxophones, which take the place of violins; 
failing these the* comets take their place. It is 
unlikely that the student will want to write 
for either of these combinations, moreover 
some acquaintance with the technique of the 
instruments is almost a necessity. 
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In conclusion a few practical hints may be of 
service to the inexperienced student. The order 
in which the instrument# arc arranged in the 
score has undergone some modification, but 
the most usual, and the one which cannot be 
bettered, is this. .First, the wood-wind in order 
of pitch (reckoning the lowest note of each); 
the horns, followed by the rest of the brass ; next 
the percussion (to save space they may, with the 
exception of the timpani, be written on a single 
line); the harp (if used). In a vocal work the 
voices may come next, and, lastly, the strings. 


the two flutes are written in parallel staves on 
the same paper, and the other wind correspond- 
ingly, so that the second may turn over if tho 
first is playing at the end of a page. After a 
good many bars’ rest it is safest to write in a 
“ cue ” in red ink, previous to the instrument’s 
re-entry. Attention to these details will assist 
in obtaining a smooth performance. 

CONDUCTING 

Anyone who has ever taken part in a piano- 
forte or vocal duet must have experienced some 
little difficulty in keeping strict time with his 
fellow performer. Failure in starting together, 
and the slight fluctuations of time that are neces- 
sary for a musical performance, are generally the 
blots on such duet playing. If he has played in a 
quartet the student will have observed this 
difficulty still more strongly ; a nice nisemhle, 
as musicians call it, is only to he obtained by 
eons! ant practice, until not only the work under 
performance but each of the players 1 idiosyn- 
crasies become familiar to all the performers. 
If, now', we imagine a performance by from 20 to 
100 instrumentalists, the difficulties will he im- 
measurably increased. How are they to decide 
simultaneously the moment of starting ? How 
agree upon the precise tempo ? (The Italian word 
“ tempo ” is used throughout to denote the rate 
or speed of performance ; time, the English 
equivalent, refers always to the time-signature — 
that is, the number and value of the notes in 



Piccolo, flufes, oboes, cor anglais, clarionets, 
bass clarionets, bassoons, double bassoon, bonis, 
trumpets (cornets), trombones, tubas, timpani, 
triangle, bass drum, etc., harp, voice, first violins, 
second violins, violas, ’cellos, basses. 

The voices are sometimes put in the midst of 
the strings, just above the ’cellos, but it is better 
to keep the strings together. 

It is customary to put reference marks at 
short intervals in the score to facilitate matters 
at rehearsal. Letters are frequently used, in- 
serted usually at the beginning of a phrase or 
other likely starting-point. A still better device 
is to number every tenth bar consecutively. 
This affords additional protection against j^ x gg 
bars being left out by the copyist. 

In copying out band-parts it is well to 
endeavour to bring a “ turn over ” at 
a point where the instrument has a 
few T bars 1 rest, even if this necessitates 
wasting half a page of paper. If this 
is impossible it should be arranged that 
the string parts each turn over at a 
different point. For the same reason 


the bar.) How, in short, can they give a per- 
formance that shall be in any w'ay unanimous 
without an infinitude of rehearsing ? It will at 
once be obvious that there must be one master 
mind to direct the pow ers of the others, and that 
these must, for the time being, he subservient 
to the director. We may gather from this what 
are, in part, the functions of the conductor 
in the orchestra or choir. 

Until about eighty-live years ago the orchestra 
was conducted by the joint efforts of the principal 
first violin (who is still called the leader), and a 
pianist, whose duty it was to fill in any obvious 
gaps caused by the faulty playing of tho 
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orchestra. This unsatis- 
factory state of things 
continued (in England) 
until 1820, when Spohr, 
conducting the Phil- 
harmonic concert in 
London, directed the 
performance with a 
baton, a light staff of 
wood with which he 
beat time and gave the 
necessary indications to 
the band. The im- 
mense superiority of 
this method was so 
apparent that it soon be- 
came universal and lms 
remained so ever since. 

The requirements of a conductor may be 
grouped under two heads: (1) The technical 
knowledge of the code of signals and gestures 
used to indicate the different times, rhythms 
and nuances (light and shade) ; (2) the aesthetic 
knowledge of the requirements of the music. 
It is only the technical side of conducting that, 
can be taught here on paper; the aesthetics of 
music can only be learned by an exhaustive 
study of the scores and by listening to per- 
formances under the best conductors. 

It is necessary that every movement of the 
conductor shall he deliberate and decided. Any 
hesitation that he may show will be reflected 
by the players under him, liis indecision will be 
shown by them, lienee lie must, he very certain 
Ex. 62. (Dvorak) 



of what he has to do. The baton must be held 
lightly, and the arm and wrist should be free. 
The baton should be kept sufficiently high to 
permit, of its being seen by everyone, yet no 
higher than is necessary or the arm will quickly 
become tired. 

The student will probably know enough of 
musical theory to remember that tile first beat 
of every bar is the most important; it has nor- 
mally the strongest accent, and is invariably in- 
dicated by the conductor by means of a down 
beat [ 1 1. The down beat should never be used 
except on the first, of the bar ; it follows that, the 
preceding beat- that is, the last of the bar — will 
be upwards. The remaining beats will be filled 
in variously, according to circumstances. The 
principal varieties may bo thus tabulated, the 
direction of the beat being shown (approxi- 
mately) by means of diagrams. Two in a bar, 
first down, second up |2J. In a very slow move- 
ment in duple time it may be necessary to beat 
four in the bar. Three beats in the bar, first 
down, second either right or left, third up [3]. 

Tf any of the players are seated behind the 
conductor the second beat should be to the 
right, so as to he more visible ; if all are in 
front of him it is quite immaterial which 



Ex. 64. Adagio 
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Ex. 66. Allegro (Beethoven) 



direction is taken. Jn a very fast 3-4 movement, 
such as the scherzo of Beethoven’s Pastoral 
Symphony, there is no time for three separate 
beats, and “ one in a bar ” should be indicated 
by means of a decided down beat on the first 
and a quick up-beat at the end of the bar. 

Four beats in tho bar, first down, second left 
(generally), third right, fourth up [4]. Some 
conductors reverse the directions of the second 
and third beats. 

Six beats in the bar. This will be indicated in 
two different ways — according to whether the 
time bo compound duple (0-8 or 0-4) or a slow 
triple (3-2 or 3-4). The former case will require 
two strong beats on the first and fourth of the 
bar, each followed by two lesser beats [5J. The 
latter will be similar to three beats in a bar with 
each beat duplicated [6]. Six and moro beats 
Ex. 68. (Beetiioven) 


are only required in very 
slow tempo, as they will all 
be found to be compound 
varieties of duple, triple, 
or quadruple times. 

Eight and twelve beats 
are both compound 
varieties of four in a bar, 
each beat being duplicated 
for eight, or triplicated for 
twelve [7], while nine [8] is 
three with each beat tripli- 
cated. 

The irregular rhythms of 
five and seven beats in a 
bar. These will generally 
be found to consist of a bar 
compounded of alternate 
two and three, or four and 
three, and may be beaten 
as such if the first of the 
bar be made clear. Or five may be beaten as 
diagram 9 shows. 

The movements necessary in beating time 
should bo mado freely and decisively, without 
being jerky. They should be so familiar as to 
be performed semi-automatically, so that the 
conductors whole attention may be given to tho 
requirements of the music. Nothing could bo 
more disastrous than to find the conductor 
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unprepared for a sudden change of time. This, of 
course, requires that he be well acquainted with 
the work under performance, and however great 
his talents, he should not permit himself to follow 
the example of a certain well-known musician 
who makes his acquaintance of a now work while 
lie is conducting the first rehearsal of it. 

At the start of a piece or movement the baton 
should be held poised in the air for a few seconds 
until the conductor is sure of the attention of the 
■whole orchestra, and the first down beat should 
he prefaced by a short up stroke, which will have 
the effect of giving a more decided and definite 
start. If the music begins on some beat other 
than the first it is not advisable to beat the 
whole bar (unless it be indicated in the score by 
rests), as this may cause confusion to such of the 
orchestra as are counting several bars’ rest ; but 
the starting beat should be preceded by a slight 
preparatory movement. 

Exaggerated Gestures. Apart from 
the actual beating of time, numerous other 
indications as to the 
manner < >f performance 
can be given with the 
baton or by moans of 
gesture on the part of 
the conductor ; but a 
word of warning must 
lie given against the 
habit of exaggeration 
in gesture. Nothing 
looks worse than to see 
a conductor enacting 
movements of fury in 
order to obtain a con 
fuoeo from his band. 

Any special climactic 
effects should be 
spoken of at rehearsal, 
and a slightly broader 
gesture may be used 
in performance by way 
of a reminder. A pause 
on a note is held by 
keeping the baton 
stationary on whatever 
boat it occurs — usually the first or strong accent. 
It is released by a short upward flick of the end 
of the baton. There should always be a brief 
. interval of silence after a pause on a note before 
continuing. A pause on a rest is, perhaps, better 
indicated with the baton held poised in the air 
as* at starting. 

At the conclusion of a piece the Bound 
should be sharply cut off by a quick up- 
ward flick of the baton. It may be taken as a 
general rule that light and piano characteristics 
should be accompanied by small and delicate 
movements, chiefly from the wrist, the increasing 
size of the beats to correspond with the increase of 
j tone required and the gesture becoming broader 
as the music does likewise. It is assumed that 
the baton is held in the right hand, but it is 
often advisable to use the left hand with it for 
supplementary gestures, indicating breadth and 
climax— indeed, many*conductors use the left 
halid as much as the right, and would probably 


be unable to keep it still without an effort The 
left hand can also be used for a gesture signifying 
extreme softness ; this is especially useful for a 
sudden piano. 

The Position of the Players, When 
any instrument has had a number of bars’ 
rest it is well for the conductor to make his 
re-entry certain by giving him a signal. A glance 
in the direction of the player or players just 
preparatory to their re-entry will afford the neces- 
sary indication for their guidance. It follows that 
the conductor must know the position of each 
instrument in the orchestra, this varies a little 
according to circumstances. In a theatre, band 
space is usually restricted, and the conductor 
may congratulate himself if his trombone and 
timpani are not outside in a passage where he 
cannot see them ! But in the concert orchestra the 
arrangement is usually thus, from the conductor’s 
point of view : The first violins are on the left, 
the seconds on the right, the violas in a line in 
front, the Velios sometimes behind the violas, 
but frequently divided 
right and left as are 
the double - basses. 
Occasionally they play 
at the same desk as 
the lat ter — that is, one 
’cello and bass to each 
desk — this is behind 
the violins. The wood- 
wind (flutes, oboes, 
clarionets, bassoons) 
sit in a line behind the 
violas ; if the space 
is small they may be 
in two row's ; behind 
them are the horns 
and trumpets, the 
trombones and per- 
cussion occupying the 
backmost seats. If 
there is a harp it is 
placed as near the 
conductor as possible. 
This is necessary 
partly on account of 
tlie weak tone of the instrument, but also because 
the harpist requires more personal attention than 
the rest of the orchestra. 

This arrangement must not be taken as invari- 
able, but merely the usual disposition of the 
band at London orchestral concerts. • 

The Conductor’s First Performance. 
Now, our first experience of conducting may 
occur in several ways. The composer may be 
asked to conduct a performance of his own 
work by a more or less w'ell- known orchestra 
(not otherwise will the student be permitted to 
experiment on a good * band), or ne may get 
together an amateur orchestral society and 
appoint himself conductor, or he may possibly 
obtain the eonductorship of a theatre band. 
We will consider each of these possibilities 
in turn. 

If it is his own composition that he is con- 
ducting, the student starts # with one great 
advantage; he knows the work in question 
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thoroughly at the start, and can give all his atten- 
tion to what he is doing. Very probably there 
will be only one rehearsal, so he must make the 
utmost of nis time. His first undertaking will be 
to see that the band parts are all correct, for, how- 
ever carefully he has looked through them, there 
will always be mistakes somewhere. He must 
listen very carefully in order to detect which 
instrument is in error, and the moment he stops 
to effect an alteration lie will find half the band 
clamouring \o have mistakes, hitherto unsus- 
pected, rectified. 

These preliminaries require a clear head 
ail'd a well-trained ear, besides unlimited 
patience, if they are to be gone through suc- 
cessfully. If the orchestra is composed of good 
and experienced players, it is not advisable to 
stop them too often, except to set right anything 
important, as they can be trusted to notice and 
correct little errors for themselves, and it is 
impossible to get an idea of the music as a whole 
if the hand is stopped every few bars. Any 
fluctuations of time ( rihirdando and accelerando) 
will be indicated in the parts ; this will warn the 
band to follow the boat candidly ; but such 
changes of tempo must he very clearly shown, 
and must not be made too abruptly. 

The Limitations of Amateurs. It 
requires considerable courage for tlie beginner 
to conduct another man’s well-appointed or- 
chestra for the first time ; but, given a band 
of amateurs, the youthful conductor, if lie has 
had any musical training, may feel far mom 
confident and despotic. He should he warned, 
however, not to be too ambitious, but to suit his 
programme to the capacity of his orchestra ; 
for the majority of amateur instrumentalists are, 
to say the least of it, indifferent readers. So it 
will often be advisable to take to pieces any 
difficult passage that may present itself, re- 
hearsing, say, the wood-winds alone, to obtain 
the necessary piano , the violins by themselves 
(more especially the seconds) until they can 
play that semiquaver passage nicely together ; 
the brass, if there is any, that we may hear who 
it is playing a wrong note, and so forth. Before 
conducting well-known works the student must 
ascertain the correct tempo throughout, and 
should not deviate from the traditional read- 
ing withdut sufficient reason until some years of 
experience lie behind him. 

Conducting Theatre Bands. We now 
turn to the theatre band. This is a capital 
medium off which to expend one’s embryo 
efforts of conducting, besides being a fruitful 
source of experience. Its composition varies 
from the string quartet, comet, and piano 
of the provincial “smalls ” to the well -developed 
orchestra now to bo found at a few of the best 
London theatres. It diff ers in many respects from 
either of the varieties of orchestra that we have 
so far considered. It is smaller in size • it 
occupies usually a more enclosed space ; is 
frequently out of sight of the listener, and it is 
not listened to with very much attention. It is 
on account of these seeming drawbacks that fhe 
hand is more easily controlled by its conductor. 
He can do things which would be impossible in a 
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concert-room ; on an emergency ho may even 
speak with the players. Tho necessity for this 
facility of control is seen when the band is 
playing music incidental to tho stage perform- 
ance. It may have to follow the action of the 
play, which only the conductor can soo ; he 
may have to make sudden alterations of tempo, 
pauses where none exist, repeat sections ad 
libitum , or leave out repeats. 

Impromptu WorK. At times the con- 
ductor may have to give out band-parts and 
perform at sight extra numbers to fill in a 
delay between the acts ; in tho middle of this 
the curtain will perhaps rise, and the conduc- 
tor must stop abruptly at the nearest cadence. 
This sudden stoppage can be indicated to t lie 
band by a look and an appropriate gesture; a 
ritardando will even suffice for the experienced 
bandsman. If then? is no possible stopping-place 
in the music, a diminuendo until the sound is 
practically inaudible is the only resource. In 
dance music, where every section is marked with 
repeats, the conductor is accustomed to tap the 
desk twice in quick succession to indicate “ Go on, 
omit the repeat,” when* such omission is desired. 
It will be found that much light music of which 
hand-parts are obtainable is unprovided with a 
full score, and the conductor has frequently 
to be satisfied with a first violin part; but music 
of this character is so simple that this is not a 
great, drawback. In very small orchestras the 
conductor may be expected to play first violin 
himself, leaving off to beat time with his bow 
when necessary. 

CtiOIR TRAINING 

Tn writing for the purpose of assisting the 
inexperienced student over his earliest attempts 
at choir training, it, is necessary to consider in 
what circumstances he is most likely to need 
this assistance. It is not in connection with 
a well-appointed choral society that these initial 
efforts will take place. We are writing, Ik) it 
remembered, of choir training , not choir con- 
ducting, and in order to obtain a post as choir- 
master to an even moderately good choir a 
certain amount of previous experience is almost 
a necessity. It is probable that the student’s 
first efforts will be expended on a small and very 
indifferent church choir, the post of choir- 
master not infrequently being combined with 
that of organist. 

That such a choir will most likely be small, 
badly balanced, and badly trained (or else not 
trained at all) is in some respects an advantage, 
as the opportunity is offered of learning the work 
from the very beginning ; and if tho student is 
anything of a musician he will instinctively 
realise how much there is for him to do, and in 
his energetic attempts to reduce chaos to some 
order he will lose t hat feeling of “ newness ” to the 
task, and experience will rapidly come to him. 

The Arrangement of the Vo.ces. A 
choir, if it is to lx? worthy of the name, should 
be divided into four parts or voices — trebles, 
altos, tenors, and basses, and this arrangement 
should be adhered to wherever possible, as by far 
the greatest amount of chorjd music is written for 
this combination of voices. The first difficulty 
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to be encountered is to select the members for * attempt should be made to introduce words, 

these four parts so that a tolerable balance is The syllables Bo, Re, Mi, Fa, Sol, La, Ti (or the 

obtained. If the trebles are sung by boys’ Tonic Sol-Fa equivalents) can be used for the 

voices, as is very usual, they will require to be degrees of the scale. 

more numerous than the other parts ; indeed. Exercises. The next stage should be the 
they may be equal in number to the other three introduction of simple two-part exercises, which 
combined without causing any serious dispro- the choirmaster may either invent for himself or 

v portion. The altos generally give the choirmaster else obtain from one of the many collections 

the most trouble. If there are ladies in the choir, published for the purpose. Both parts should be 

well and good, but if not, the male voice is rare practised separately, especially the seconds, 

and difficult to obtain, and boys’ voices will have before they are sung in combination. This 

to be employed for these. A fair proportion for a remark applies even more forcibly with regal’d 

choir of 20 would be : 10 trebles, 3 altos, 3 tenors, to the full practice, which should take place at 

4 basses. If the trebles are sung by women the least once a week ; each single part must receive 

proportion to the other parts may be rather less. separate rehearsal before the ensemble ib 

Thus our choir of 20 might, contain 8 trebles, attempted. 

4 altos, 4 tenors, 4 basses. Perhaps a further We have now advanced to the stage when easy 
improvement would be an additional bass or two. four-part anthems may be rehearsed. And here it 
It has been said that the functions of organist may be as well to repeat the advice just given — 
and choirmaster are generally united in one until the music is fairly well known, no words 

individual, lienee it will be obvious that at the should be sung, only the syllables representing 

preliminary practices any organ accompaniments the notes of the scale. The reason for this is 

are out of the question ; the choirmaster will obvious. We do not wish the attention of tho 

want to give all his attention to conducting singers to be divided between two entirely 

tho choir, any accompaniments that may be different and almost equally difficult tasks, for 

necessary to preserve the intonation (and the less the correct pronunciation of words in singing is 

tho better) can be played on a piano. frequently a source of much trouble, evon to such 

Preliminary Instruction. It will per- choristers as have had a good education. Tho 

haps be as well if we assume that the choir we vowel-sounds in the North of England $re often 

are considering is entirely new-formed, and compounded in a fearful and wonderful manner ; 

has had no previous training. Our first care for that matter, London itself has some strange 

in this case should be to take tho younger mem- perversions of English pronunciation, such as 

bers by themselves and impart some instructions the conversion of tho long a into ie, and so forth, 

in tho rudiments of music, paying more especial It follows that exercises in the simple vowcl- 

* attention to such matters as concern the relative sounds will be required. A series of such sounds 

values of notes and rests, time signatures, and the may bo recited or sung to a monotone. For 

like. A blackboard ruled with music lines should instance : 

be provided, and exercises in time written thereon a a a e 8 I ! 5 

should be sung at sight and repeated a few times May ma mat neat net bite bit note 

until absolute accuracy of notes and rests has 6 ou ou u u ail ow oy 

been acquired. The above is a specimen of not boot foot but tuno caught now hoy 

exercises for beginners, the conductor indicating These comprise all the vowel sounds in the 
each boat with a baton, tirst quite slowly and English language. Among the consonants that 
afterwards at a quicker speed. will require attention the letter It may be picked 

Such exorcises should be invented by the choir- out, especially as a final, and before a vowel ; 

master on each occasion, and not used over again, indeed, almost all final consonants will show a 

as they are intended to be preliminary to reading tendency to be eluded, and the letter H will pro- 

at si^ht. They should be sung to the sounds bbly want some attention. Some attention, too, 

“ ah ’ or “ la,” the broad vowel sound being must be given to breathing. If not already 

generally preferable to a closer one. marked, the teacher should indicate* the places 

Next, simple intervals may be introduced into in the music where breath is to be taken, and 

the exercises ; and now it must be decided see that it is done quickly, and above all, silently 

whether Tonic Sol-Fa or Staff notation is to be Blending the Parts. As regards un- 
taught. It is not proposed to enter here on a semhle, or the nice balancing of the parts 

discussion of the merits of these rival systems. one against the other, tho members of tlu* 

Tho choirmaster w ill probably have a predilection choir should be taught from the very first 

for one or other. The Tonic Sol-Fa is undoubt- the necessity of listening to the other parts, and 

edly the simpler, and is said to give the best so endeavouring to make their own efforts blend 

results with pupils of limited intelligence. Staff with the othors. They must not consider their 

notation,, on the other hand, renders a vastly ow r n part as the most important, unless it is solo 

larger repertoire of music available to its disciples. work they are doing, but should try to sink their 

Until the choir lias attained considerable owtt individuality for the benefit of the choir as 

facility in singing simple diatonic intervals, no a whole. . 

Orchestration concluded ; followed by Singing 
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the Besson and the Blabs of cork suffer less damage 
than when worked by inexperienced workmen. 
Tho cork slabs are* next trimmed to proper shape 
and graded for different purposes, the finest grade 
being that used for tho manufacture of champagne 
corks. 

Making Corks. 

Before working up 
the cork it is again 
cooked for about 
half-an-hour, and 
piled up in a damp 
place so as to keep 
it soft, in which con • 
dition it is more 
easily worked. The 
slabs are divided 
into strips (rebana- 
das), the width of 
which is equal to the 
length of the cork, 
and in such a way 
that if the cork be 
placed in the position 
occupied by the slab 
on the tree the fibre 
would run in the 
same direct ion. The 
workmen cut the 
strips by means of a 
long knife with fiat 
surface and curved 
edge called cucftvUtt do 
rrbamir [4«|. The 
strips are then out into squares f 4/> J and the edges 
cut to make them octagonal pieces, which srethen 
trimmed into shape by means of a long knife 1 4r J kept 
very sharp. The knife is not moved, but the cork is 
drawn over its edge by a circular curving motion. 
The knife is kept sharp by being whetted on a board 
on each side after every cut. Bungs and corks 
of largo size are cut in the contrary direction as 
regards the fibre, and are in consequence not so 
effective as stoppers. 

Machine-made Corks. Many different 
machines are employed to make corks, and all 
consist at the base of a knife, the blade of which is 
placed horizontally, being generally joined to a 
piece of wood, and to which n backward and for- 
ward movement is imparted similar to that given by 
a carpenter when using a plane. In moving, the 
knife turns the square cork, which, being attacked 
by tho knife, has cut from it a strip more or less 
thick, according to the distance from the axis of 
the cork and the edge of the knife. If these are 
parallel, the result is a cylindrical cork; otherwise 
the cork is conical in shape. The cork is previously 
prepared by a drawing-off and a quartering 
maehiuo. 

The first cuts the cork sheets into strips, and 
is generally provided with a self-sharpening 
arrangement for the knives, while the quartering 
machine cuts the cork into squares for straight 
or tapering corks, different adjustments being 
made, according to the product desired. The cork- 
rounding machine is the one which actually 
finishes the corks, a machine being capable of 
making 1,000 corks an hour, and adjustable 
to make corks from J in. to in. in diameter. 
Another variety of machine works on tho principle 
of a cork-borer [51. Such machines arc suitable 
only for straight corks, and the boring is done 
from the strips, quartering not being needed. 
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4. CORK-CI'TTINC KNIVES 
a. Stri|M*utitrr with gauue 
b. quartering knife #. Round 
in'* knilV 


Finishing Corks. After cutting, the corks 
are boiled and kept in a oool place for a few days, 
and then sorted into tho various sizes. The cork- 
maker has a largo basket, or several of them, in which 
he places the corks according to size and quality, 
but this first classification is not sufficient, and the 
corks are re-sorted upon a table. To classify 
according to size, suspended boxes with a kind of 
grating resembling Venetian blinds at the bottom 
are used, the size of the opening allowing a particular 
size cork to fall through. Cork-counting machines 
are also employed in large cork factories, and the 
corks are branded with the name of tho firm, if 
required. In most foreign cork factories the 
corks arc submitted to a bleaching process if their 
colour is not right. The solution used for the 
process consists of a weak solution of hydro- 
chloric acid, oxalic acid, or binoxalato of potash. 
Fumigation with sulphur is also sometimes practised. 
The colour of corks after those processes is 
often unnatural, but is improved by putting 
them into a revolving polisher with a little white 
or red powder, according to the tint desired, the red 
colour of the Catalonian corks being imitated with 
equal parts of while and red powder. 

Impregnating Corks. Some of the fore- 
going processes arc designed to purify the corks 
and prevent the bacterial contamination of the 
beverages afterwards brought in contact with 
the corks. The phenomena of “corked” wine 
is fairly familiar : it is due to bacteria or fungi in 
the cork. A method of preparing corks before use 
in wine and beer bottles is that of impregnating 
them with paraffin wax. The corks arc put into a. 
vessel which is deprived of its air, melted paraffin 
wax is then admitted, and fills up tho pores of the 
cork with an almost impereept iblo film of paraffin 
wax, which effectually sterilises the corks. The. 
Hamburger Machincn Bauanstalt have specialised 
in this class of machinery. Another method is to 
sterilise the corks with formaldehyde before ad- 
mitting the melted wax. 

Other Uses of Cork. Besides the employ- 
merit of rork for stoppering bottles, it is a substance 
which finds many uses because of its porosity and 
lightness. Tl is an essential ingredient in linoleum, 
which consists, apart, from the jute canvas and 
backing, of cork, pig- 
ment and a cement 
made by melting 
together oxidised linseed 
oil, kauri gum, and 
resin. For this purpose 
the cork is finely pow- 
dered in a “ devil " 
disintegrator, or similar 
machine. Coarsely 
powdered cork is used 
for cork carpet. Cork 
soles are cut out on a 
press, the punching 
Knives being shaped like 
the sole of a boot. 
Cork mats are cut out 
by revolving circular 
5. coRK'CUTTiNU machine knives, the same prin- 
ciple being also ap- 
plicable to the thinnest sheets, known as cork 
paper. Tho last named finds a use for lining hats. 
Cork, being a bad conductor of heat, is soqjetimea 
used for insulating boilers or padding the walls 
of buildings. Its use in artificial limbs is duo to 
the lightness of cork. 
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By FRED HORNER 


'T'HIS first operation upon logs coming into a 
* sawmill is to Dart them off into suitable 
lengths for cutting clown into boards, etc., unless 
it should happen that the whole length of a log 
is wanted. There are several kinds of machines 
lor this work, employing reciprocating and circular 
saws, and driven by steam, belt, or electricity. 
They are either fixed in a convenient position in 
the mill or are rendered portable, to be shifted 
alongside logs, thus avoiding the troublesome 
work of moving about logs of several tons’ weight. 

A direct steam-driven machine (W. B. Haigli & 
Co., Ltd., Oldham) is shown in elevation and plan 
in 7, with a log in position. The steam cylinder, 
A, by means of its piston reciprocates the piston- 
rod, and the saw-blade, B, attached thereto, the 
leeth being set to cut on the inward stroke. The 
reversal of the piston is not effected by ordinary 
valve gear, but steam is admitted and cut off by a 
valve. C, operated through the medium of the guide, 
l>, which, sliding on the guide-bars eottered to the 
front cylinder cover, 
turns a fiat twisted 
strip, E, as it moves, r 

and causes the latter &-, T - > 

to turn a lever, alter- j- - . ' / > 

nately opening and '.j'y/il c . 
dosing the valve. The JrJjrp rst* r " 

strip, E, turns easily ^ju; ***"'-: ; \ "C:-'- " frr- 

hy its round cndH in A*, 

hearing holes. The " ‘ 

cylinder, A, is sus- 
pended by spigots in 
trunnion bearings on 
the baseplate, and a 
quadfont bolted on 
the rear lias worm % 

teeth upon it, engaging ^r} 4 

in a wqrm on aver- fcyyn&j — v- 

tical shaft turned by J, J ^ 

the handwheel, F. This J ~~ O-,- 

, mechanism enables the 
attendant to raise or 

depress the saw-blade 7 direct STEAM- Di 


cutters. Trees 3 ft. or 4 ft. in diameter can be 
felled in five or six minutes. Some large tree-fellers 
are mounted on wheels like a gun. A hydraulic 
jack, with a concave-headed ram, is employed to 
raise trees which have been felled, and are being 
cross-cut. so as to prevent the blade from be?ing 
pinched in the kerf; wedges are sometimes used 
instead. 

Another class of cross-cut machine is driven from 
an ordinary steam cylinder, with its connecting 
rod working on to a crank-disc, which in turn 
revolves a bent crank of large throw, reciprocating 
a connecting rod coupled to the saw-blade, which 
slides in guides, and is fed downwards by a quadrant 
gear. Figure iO shows a type of machine that may 
be o]>crated either by belt, or by electric motor. 
In the former case the fast and loose pulleys arc put 
on the end of the crank-disc shaft; in the latter 
the motor spindle is coupled to the shaft end. The 
flywheel conserves energy to keep the machine 
running steadily. The blade is fastened to a light 
steel sliding bar run- 
Va' " ~ \ ning in guides and 

A/ ' \ - driven by a connect - 

/ \A_. \ ing rod from the crank - 

(Lac I guides art* 

l / V. ] attached to an arm 

. , "iV- \ J • > pivoted on bearings, 

Tl'tr- ""V ’ ■/“ ,J and the feed is im- 

— rr rr *^ L £ parted by the hand 

wheel and screw in the 
* vlb K*V vertical slide. The 

-MAVyV 11 . * ■ 2 heavy weights seen at 

I* < ■;[!;' the rear balance the 

' ‘ ; ! weight of the median- 

J : ; , \ lsm at the front. 

' ‘ J Circular saws are 

i. - , • ' * not used so much as 

— t : - ^ then e reciprocating 

I ‘ 5 1 1 blades, partly because 

, i‘ i' ‘U of their greater cost 

iiy./Vi,' and the limitation in 

the diameter of log 
LVJCN cross-CKT SAW that can be cut 


V*VJ 




DIRECT STEAM-DRIVEN CROSS-CUT SAW 


and to feed it down- 
wards through the log. The latter is tied to the 
machine by two long rods pivoted to the base- 
plate, and having spiked ends, which are hammered 
into the log. The reason for making the saw cut 
on the inward stroke is that it is thus put in 
tension and does not buckle as it would if pushed 
outwards. It may be mentioned that this method 
of steam driving was originally devised by Messr>. 
Hansome, of Newark-on-Trent. 

Felling Trees by Sawing. An adapta- 
tion of this mechanism is made for tree -fell ing 
oy turning the blade on its side, and employing 
a horizontal quadrant guide to let it slew around 
os th e tre e is cut tlirough. A wedge is driven 
into tmrsaw-out after the blade in order t-o keep 
foe kerf open and preveut excessive friction on 
the blade. When these machines are portable, 
the steam is conveyed by a flexible hose from the 
ooilter, which m ^ serve several fellers and cross- 


through, but they 
work more rapidly. A favourite type of machine 
is that represented in 8 (Thomas Robinson & 
Son, Ltd., Rochdale). The circular saw spindle 
is mounted in bearings forming part of a 
carriage which slides on a horizontal bed lying 
at right angles to the log. The saw is rotated 
by mitre gears driven from the shaft above 
the bed, and turned by the fast pulley of the pair 
at the end of the bed. The carriage is fed by a 
coarse-cut screw — both forwards for cutting and 
backwards for return. 

The machine takes saws up to 0 ft. 6 in. 
diameter, cutting through logs 35 in. diameter. 
Circular saws of pendulum tyi>e are also employed, 
the saw being carried in a long pivoted and counter- 
balanced frame, and driven by a pulloy belted from 
another pulley encircling the pivot shaft*, so that 
the drive is not affected by the swinging positions 
of the saw. 
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Breaking ■ down Machines. Logs are 
divided longitudinally into portions of various 
sizes, known under different names [see Dictionary, 
which follows a later articl 'J, and the operation may, 
be effected on a single machine or in two successive 
ones. Boards may be cut direct from the log, or the 
latter may bo first broken down into deals (in the 
ease of pine), flitches, or planks, which are further 
treated on other machines. 

Log saws are those which begin work upon the 
logs 'Tvl balks; deal and flitch frames arc used for 
resawing the deals and flitches into boards. The first, 
class of saw may be either a log frame or timber 
frame, a reciprocating saw or single-blade board- 
cutter , or a band-saw. The deal and flitch frames 
are of reciprocating type. Circular saws are also 
employed for breaking down logs. Each kind has 
its advantages and disadvantages, which may be 
conveniently discussed as the different types arc 
illustrated. 

Log Frames. The. log or timber frames com- 
prise a vertical housing through which the logs 
pass, and arc divided by a number of saw-blades 
moving up and 
down. The frame 
saw is the oldest 
type of machine, 
and is employed 
most extensively, 
though it is slower 
in operation than 
later machines which 
are coming rapidly 
into favour. The 
advantage is thal 
logs may be divided 
accurately into 
boards, etc., without 
re-sawing, one pass 
sufficing for the 
operation. Means are 
provided for feeding 
the logs through at 
varying rates, either 
by rollers in contact 
with the wood, 
termed roller feed, 
or by supporting the 
log .upon carriages 
travelling, by rack 
and pinions, on 
runways, termed rack feed . The roller feed is 

suitable for straight, even timber, on which the 
rollers can got a good bite all along ; the rack 
food is used for crooked, uneven logs, or on 
those which arc frozen, and would not he gripped 
easily by rollers. The advantage of the roller 
feed is that the logs can he passed through quickly 
in succession, and there are no carriages to be 



10. RECIPROCATING CROSS-CUT SAW 
(A. ltansomc & Co., Ltd.) 



8 CIRCULAR < ’ROSS-CUT svnv 
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run back for starting fresh logs, as in the rack feed, 
the result being a considerable saving in time. 

The rack feed is more positive, and is better 
for hard woods, on which rollers are liable to slip 
under the strain of feeding. The rollers and the 
carriages are actuated by a feed motion derived 
from the driving mechanism of the machine, 
arranged so that the feed is imparted just before 
or on the down stroke of the saws, which, as they 
cut only in one. direction, cannot have a continuous 
feed, as band or circular saws may. The saws, 
which, to work efficiently, must bo strained very 
tightly, ate fastened in a sme frame or ? corking 

frame , or swing 
frame , or saw gale, 
with cotters an<i 
buckles , and t In- 
fra mo slides up 
and down between 
guides which are 
adjustable to take 
up slackness. The 
number of saws 
depends on the 
width of the frame 
and the class of 
work done. 

There may be 
only one, two, three, 
or four saws for 
opening out a log 
into thick pieces, 
which may or may 
not he resawn, or 
10 to 50 blades can 
beujsed for cutting 
a log into thin 
boards. The work 
mg frames are con- 
structed in as light 
a manner as pos 
sible, consistently with strength, in order that the. 
moving mass shall not interfere with the easy 
working of the frame, at the high speeds required, 
nec essitating hundreds of reversals in a minute. 
The frames are built up of wrought iron or steel, 
and in many eases light steel tubing is employed, 
being a very suitable form com billing stiff ness 
with strength. A frame must be strong enough to 
resist bulging out sideways when all the saws are 
cottered, or hammered up in it, otherwise it will hind 
in its guides, although many machines embody 
provision for a little latitude in this way. so that 
it the frame is bulged it will still slide freely. 

In addition to the variations in construction 
already mentioned, there are other differences in 
log frames, which chiefly concern the methods ot 
driving. Belt pulleys may be located below, or 
above, driving a crank-shaft operating the saw 
frame by connecting rods ; steam drivingj^cithcr 
direct or through the medium of a shaft and cranks, 
is auother method, and electric motors are also 
being applied, above or below, with the advantage 
that much of the underground shafting and bolting 
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11. LOU FKAMR WITH RACK FKKI> *W. U. llaigh & i’o., Ltd., Oldham) 


mentioned previously is abolished. If the motors 
do not drive each machine direct, they may actuate 
a line of shafting, from which several machines 
derive power, there being an advantage in this, that 
motors of less power can be installed, since it is 
scarcely possible that all the machines will be con- 
suming the maximum power simultaneously, a 
few being sure to run light. 

Log Frame with RacK Feed. Taking 
up the details of log frames, we first give side and 


12. DOG FOR (.RIPPING LOUS 


front elevations |11] of 
a. 24- in. frame, with 
rack feed, by Messrs. 
W. B Haigii & To., 
"i Ltd. The upright cored 
jif p frame, A, which is seen 
J to be well spread out, 
in the side view, re- 
ceives all the working 
portions, and ensures 
rigidity and freedom 
from vibration. The 
fast - a ml - loose pulleys, 

B, drive the crank-shaft, 

C, at 1 40 revolutions a 
minute, the heavy fly- 
wheel on the other end 
of the shaft steadying 
the limning, which is 
apt to be irregular as the 
saws cut on the down 
stroke and run free 


on the up stroke. The combined connecting-rod 
and crosshead I> couples tin* crank-pin to the two 
long rods EE which are pivoted to the saw 
frame F sliding between the guides in the frame, A. 

The timbers CIO, bolted to brackets on the frame 
A, are for the purpose of carrying rails upon which 
a rack carriage runs, the top of 0 lieing at the floor 
level of the mill, the rest «>f the frame and driving 
mechanism lying, therefore, below the floor. A 
bit of the table is seen at If, and on top of this 
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the log is supported in a manner which will bo seen 
later. The feed to this table is effected through a 
row of rack teeth on its underside, worked by pinions 
on a shaft lying immediately below it, and con- 
nected by two sets of gears with another shaft, J, 
having a large wheel with a rim of 
V section. This is given a partial 
rotation at oach down stroke of the 
saw gate by a smooth pawl cut 
eccentrically to jam into the vee as 
the lever L lifts it. through the 
medium of the short slotted lever 
M, rocked up and down by a 
lever coupled to the top end of 
ono rod, E. The position of the 
lever L on M is variable by means 
of a short screw and a hand wheel 
which makes provision for obtain 
jug different rates of feed 
to the balk N. The 
device, which is univer- 
sally adopted, is termed 
the silent ratchet , or silent 
feed. A rapid motion can 
also be imparted to the 
table in cither direction 
lor bringing a log up 
quickly or returning the 
carriage for another log. 
open and crossed belts, 
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The belt pulleys O carry 
either of which may ho 


shipped on to the central fast pulley to drive 
through the shaft «T, clutched into or out of 
action, and connected to the pinions driving the 
tablo through two sets of gears having varying 
ratios, either of which can he employed, for fast or 
slow movements. The timber is heid down lirinly 
by rollers, P, on shafts which are supported in 
sliding racks moved up 
and down by pinions and 
gears, operated by the 
hand wheels QQ, which 
have weighted levers 
allowing a little freedom 
of movement should the. 
log require accommo- 
dation in passing through. 

Two rollers are also 
located beneath the log, 
so that it is held quite 
steadily. 

Figure 12 illustrates a 
class of dog commonly 
employed for gripping 
tho log at each end 
upon tho rack table, the 
pincers or jaws being 
connected with toggle 
lovers, and opened or 
closed by means of a 
central screw. The set 
of levers is carried on 
a shaft held in bearings, 
and a screw is placed 
at one side to enable 
the attendant to adjust 
the dogs laterally to suit 
crooked timber. 

Log Frame with 
Roller Feed. The 
roller-feed frames, of which an example is given in 
12, propel the log by the contact of fluted rollers, 
positively driven : in some machines rollers are used 
only beneath the logs, the top rollers being simply 
,, plain, but in the compound types both top and bottom 

590 & , 



15. UNDER- DRIVEN LOU FRAME 


rollers are driven, thereby giving a powerful drive 
which will even carry logs covered with io© past 
the saws without slipping. In the drawing of the 
machine (also by Messrs. ffaigh) several points of 
similarity to the previous design will b© noted, but 
the mode of driving is different, being 
effected by belt pulleys located on the 
shaft at the bottom rotating crank-discs 
at each end, and moving connecting- 
rods on tho outside, connected to ex- 
tensions of the saw-gate. This form of 
construction enables tho height below 
the lloor line to be reduced, a feature 
which is valuable when deep excava- 
tions are difficult or inconvenient to 
make. Tho feeds are derived similarly 
to those already described, with a silent 
V wheel, but the motions have to ho 
to the four shafts of the ser- 
rated feed-rollers, w hich are 
revolved simultaneously 
by connecting them up 
with mitre gears and 
shafts. The log is sup- 
ported on two carriages, 
one being shown ill the 
side elevation, and sepa- 
rately in plan view, run- 
ning by trolley wheels on the rails secured to the 
top of the beams that are flush with the mill floor. 
Each carriage has a pair of pivoted arms carrying 
screws which damp the timber, and as the* arms 
arc held on a shaft they arc able to slew a little 
should the log rise or fall in passing through the 
feed rollers. The screw forming part of the pivot 
shaft [see the plan | provides for side adjustment 
to suit crooked logs. The machine is arranged 
also to saw deals, for 
which purpose a couple 
of fences (seen in the front 
view) are placed in posi- 
tion, and side pressure is 
given to the deals by 
flanking levers which are 
mounted onvertical shafts, 
tw r isted by quadrant racks 
operated, by hand wheels. 

When it is impossible 
to get out deep founda- 
tions in the mill, top- 
driven frames are installed, 
by which tho length of 
frame below tho floor is 
reduced to a small 
amount. Figure 9 
(Thomas Robinson & Son, 
Ltd.) is an example of 
an overhead-driven type, 
actuated by a belt pulley 
on tho crank-shaft on 
top of the frame. This 
pulley and another on the 
other end are heavy and 
counter-balanced, to net 
as flywheels ; a loose 
outer pulley receives the 
belt when the machine 
has to be stopped. A 
roller feed is given to the 
logs, one being shown in position, resting upon 
its screw-dog carriages. A deal-sawing apparatus 
can be combined with the machine, for which 
two fences, seen at the front, on each side of 
fhe log, are moved across into position to guide 
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the dealer A good view of an uiuier-drivtn machine 
by the same makers is given in 15, having rack 
feed. The dogs gripping the piece of log being passed 
through $re of the toggle type, and the rack table 
is seen resting upon its rollers carried upon the 
horizontal timbers. A very heavy Robinson frame, 
constructed for cutting up massive logs of round or 
square section, is illustrated in 14, with a big log 
in place. The capacity of 
the largest machine is up 
to logs 48 in. by 30 ft., 
the pulleys making 100 
revolutions per minute. 

The connecting-rods work 
on the outside of the 
frames from crank-discs 
below the floor, and the 
feed is by a silent ratchet 
and fluted rollers of 
duplex or compound pat- 
tern, tho bottom ones 
lieing driven by spur 
gears and the top ones 
by pitch chains. The 
frame as shown is carrying 
3b saws. 

Semi-portable Frames. Tn what are called 
colonial breaking-down frames the uprights and 
horizontals are often constructed of timber, built on 
the sffct where tho machine is erected, the makers 
of the frame supplying only the iron portions. Tho 
machines are then oi semi -portable, type — that is, they 
can be dismantled and removed without much 
I rouble. Figure 16 shows a machine of the class for use 
in forests, as it appears before the 
flooring is built around the table. 

Two heavy timbers are laid on 
the ground, and tho iron uprights 
are attached to them, and steadied 
with sloping tie rods. The hori- 
zontal timbers for the table rollers 
are supported by wooden uprights 
at each end, and the connecting 
rods at the sides are also of wood, 
with ends of steel. The capacity of 
Messrs. Robinson* ^largest machine 
is for logs (H) in. by 30 ft. Driving 
is ©fleeted by belt from a portable 
steam engine. In some frames 
even the uprights arc of wood, 
supported at the top by cross 
pieces. These frames usually carry 
only a small number of saws, for 
dividing logs into convenient 
pieces for transit. 

Portable Frames. The 
strictly portable frames are 
mounted on trolley wheels, as 
in 18 (A. Ransome & Co., Ltd.), 
with shafts and. all appliances 
for hauling. The machines are 
drawn into an excavation of 
sufficient depth to allow the 
horizontal sleepers, on which the 
log carriages travel, to rest upon 
the ground ; the carriages run u|K>n 
the rails, which may be continued out to any length 
desired. Belt driving is adopted, working a central 
crank, connected to the crosshead of the saw gate. 
The feed is derived from an eccentric or slotted 
disc on the face of one flywheel working up by a rod 
silent V wheel, this being a method often 
followed instead of getting the movements from 
the saw frame itself. Pour sizes of these machines* 
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are made by Messrs. Ransome, taking logs 
from 14 in. to 30 in. square, the entire machine 
weighing three tons in one case, and seven tons in 
the other. 

Double Frames. Double log frames have two 
sets of saws, which operate on two different logs, 
simultaneously, though at different rates of feed, 
if necessary. The capacity is thus greatly increased 
without much increase in 
space occupied. In what 
are termed equilibrium 
frames, the two sets of 
saws are worked up and 
down by connecting rods 
attached to cranks at 
different angles, so that 
as one frame is rising, 
the other is gojng down, 
thus balancing the irre- 
gular forces, and enabling 
steady running to be 
obtained without- tho 
use of heavy flywheels, 
Fach log is, of course, 
fed with its own inde- 
pendent feed motion. 
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Steam-driven Frames. The steam engine is 
applied to log frames in a direct manner, by attach- 
ing the piston-rod of a cylinder placed on top of 
the frame to the ero>shcad of the saw gate to produce 
the reciprocations. Two advantages accrue from 
the design ; deep foundations are dispensed with, 
and the machine is independent of belting and othet 
engines, which may be already fully loaded, although 
at the same time there is steam 
to spare from the boilers. A 
steadying effect is obtained by 
carrying connecting rods down 
from the saw frame to cranks on 
a flywheel shaft just below the 
feed rollers, this shaft also- 
operating an eccentric to work the 
cylinder valve. Sometimes one of 
the flyw'heels is turned to receive 
a belt, driving on to the pulley of 
a separate circular saw for re- 
sawing the product of the log 
frame. 

A special tv|>c of machine 
which is useful under certain cir- 
cumstances has a narrow frame 
for sawing flitches, and an outer 
projecting blade carrying* a single 
saw r for squaring logs, or cut- 
ting boards from them, while fed 
past on a carriage, ft is used 
chiefly in eases where the amount 
of work done is small, or the 
power limited. 

The rates of feed employed on 
log frames vary from 6 in. to 
3 ft. per minute, with quick 
return. The travel of the saw 
teeth ranges from 430 ft. to 800 
ft. per minute. The output, of 
course, varies enormously, accord- 
ing to the clas.» of timber, its condition, and the 
condition of the saws. 

Deal and Flitch Frames. The deal and 
flitch frames are constructed for resawing deals and 
flitches broken out from logs in the log frames. 
They bear some resemblances to the latter, 
especially in methods of driving, but tho feeding 
arrangements are modified, chiefly because the deals 
• 5903 
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arc not irregularly*shai>ed like logs. The double 
j#inciple is also carried ont more frequently, for 
sawing two deals at once, and even then the frames 
are narrow by comparison with those for logs, as 
the deals are sawn edge-ways up. Overhead-driven 
and under-driven frames are 
employed, as in log machines. 

The timbers are fed through 
the machines by fluted rollers, 
which are pressed on the under- 
side and top of the deals as well 
as at the sides. These side 
rollers are carried on swings to 
automatically take up any un- 
evenness in the thickness of the 
deals. The frames are arranged 
to take four or live saws per 
inch in width, as against the 
coarser pitching in log frames, 
of one per inch, or thereabouts. 

Speeds are higher than for log 
sawing, ranging from < >00 ft. 
to 900 ft. a minute, and feeds 
up to H ft. per minute. 

Equilibrium Deal 
Frame. Figure 17 illustrates 
an under-driven deal frame of 
the equilibrium type, by Messrs. 

Thomas Robinson & Son. Ltd. 

The timber is fed through the 
frame by horizontal and verti- 
cal tinted rolls.positivelydriv en. 
and the back of the wood runs against fences in 
which n number of little smooth rollers are laid, 
to form an anti-frictional contact. The fences arc 
provided with means of lateral adjustment for 
setting the deals without altering the position of 
the saw blades. Pressure is 
applied upon the top of the 
timbers by smooth rollers fixed 
in pivoted - levers which are 
adjustable. In the machine 
under consideration we have 
an entirely different method 
of getting the feed - -by friction 
lietweon a small leather- 
covered roller pressed against 
the face of one (Tank disc, the 
effect of which is to rotate the 
roller and its shaft, going up 
to a worm and wheel connec- 
ted to the trains that drive 
the feed rolls. A hand wheel 
operating a screw on a spindle 
lying parallel with the shaft 
enables the attendant to vary 
the position of the roll across 
flic face of t ho crank disc and 
so to produce faster or slower 
rates, as the roll is nearer to or 
farther from the centre of 
rotation. This drive is not 
quite so powerful as the silent 
ratchet, out it admits of in 
Htant variation to suit the 
work being done without siop 
ping the machine. [The prin- 
ciple of the friction feed has 
been described on page 9(>2. 
and illustrated in 116, page 903.] Several standards 
fitted with rollers arc provided to support the timber 
a# it jmssi s along, a regular carriage being unneces- 


sary, the surfaces of the deals being iwgukr, unlike 
those of logs. 

Double Deal Frames. An overhead- 
driven frame, by the samo makers, is shown in 19 , 
the operation being. like that of the log frame in 9 
with fast and loose pulleys. 
The connecting-rod is fixed to 
the saw frame, and is flanked 
by the two sets of blades. Al- 
though this is a double frame, 
it is not of the equilibrium 
type, there being only one con 
necting rod. The feed is of 
the friction style, but ns the 
driving wheels are at the top 
of the. machine, the roller has 
to work from the face of one 
of them, with the result that 
the feed shaft is inverted. 

The double feed frames are 
usually preferred on account of 
their greater output, the single 
ones being employed in saw- 
mills where there is not a 
sufficient volume of work to 
keep a double frame properly 
occupied. The speeds of Iran es 
range up to as high as 3(50 
revolutions in the equilibrium 
typos, but these high speeds 
are not possible, when the. 
frames arc worked from a 
single-throw crank shaft. 

The reason for combining deal sawing apparatus 
with a log frame, as mentioned in connection 
with two of the log frames previously described, 
is that many users have insufficient work to war- 
rant the installation of bolh 
it log frame and a deal 
frame. 

The combination ma- 
chine, therefore, meets 
eases of this kind. After 
a number of logs have 
been broken down into 
deals and flitches, tli* 
deal sawing apparatus 
can be set up, and 
boards c n then be cut. 

Although the majority 
of deal frames arc fitted 
with roller feed, a few an 
made with rack feed, or 
a similar character to th.it 
of log frames, their princi- 
al value being for driving 
ard or irregularly-sawn 
woods. 

The foundations for these 
frame saws are necessarily 
constructed in a solid and 
unyielding fashion, to with- 
stand the shock of th* 1 

rapid reciprocations. 

Masonry or concrete sup 
ports are placed under 
the bases, and the floor 
of the sawmill has no direct 
connection with these foun- 
dations, but simply serves as a staging by 
the use of which the timber may be handled and 


moved about. 
Continued 
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Logwood. This dye wood lias withstood tin* 
attack of the artificial dyestuffs better than any 
of the natural dyes on account of its cheapness, 
comparative case of application, and its excellent 
qualities of fastness to light, washing, and acids. 
It is not fast to rubbing, howexer. Coal-tar 
cdlour* makers periodically announce the advent 
of a perfect substitute, but the question of price 
keeps logwood on its throne as the most important 
of dyestuffs for cheap blacks. Probably some of 
(ho modern sulphur blacks are its severest com- 
petitors. Logwood is the wood of a tree known 
sis Ilfrmato.vylon carnjitchianiton. The best quality 
was formerly grown in the Bay of Campeaehy, 
and the French still call it Campeaehy wood, hut 
we get our supplies mainly from Honduras and 
the West Indian islands, and Jamaica logwood is 
noxv ^considered the best. Logwood contains a 
yellowish-white crystalline body called ha mato.rylin, 
which oxidises in the air and takes a high colour. 
It is Thou known as hatnatin, the actual colouring 
principle of the wood. 

Logwood reaches England in large logs, and these' 
art* converted into chips, plentifully sprinkled with 
water and exposed to tin* air. The temperature and 
the state of the weather has a great influence on 
the wood during this process of “ ageing,” and if 
requires experience. In unskilled hands the wood 
«uxy ho over oxidised and the colour lost. This 
has brought logwood extracts into favour and in 
particular haunatin, procurable in liquid, powder, 
or crystals. These are dearer, however, than the 
wood, which must still be used for many purposes. 

Logwood is dyed in the usual manner employed 
for mordant colours. The material may be dyed 
first and then mordanted, a method sometimes 
preferred by the wool dyer, but it is usually mor- 
danted and then dyed. The one- hath method, 
using dyo and mordant together, is sometimes used 
hut causes a waste of dye, and for the same reason — 
that is, the precipitation of the dye in the bath — the 
colour is liable to rub off the goods. Even when 
cotton or wool are first mordanted and then dyed 
there is still loose colour on the fibre, and to lix this 
the goods are mordanted again after dyeing — a 
process which is called saddening. 

Dyeing Cotton. Logwood is used almost 
exclusively for full, bloomy blacks on cotton, rarely 
for greys. An iron mordant is used, fixed with 
tannin. The modern practice hardly differs from 
that followed in the days before the aniline dyes, 
and the following old and approved recipe is little 
varied from. 

Full Black on 20-lb. Cotton. To a vat 

of cold water add 5 lb. of sumach, enter the goods, 
give a few turns and leave all night, then pass 
through lime-water ; add to this 2 Tb. of copperas 
solution and a pailful of the old sumach liqudr: 
outer, and give six turns; wring out: enter the lime 
vat again, and give two pails more lime liquor : then 
scald ff lb. of logwood and 1 lb. of fustic, add this 
to another vat of water, enter, and give 10 turns, 
lift* and sadden with a little copperas, in the same 
btjtior, and soap. , 

1 If 


Sumach extract is now used in a hot solution, and 
a proportionate amount of logwood and fustic 
extracts are employed. For the best class of goods 
” nitrate of iron” (ferric sulphate) or acetate of iron 
is used instead of the copperas. A very ordinary 
method witli cotton cloth is to pad the goods in 
acetate of iron, dry, pass through lime-water, and 
dve in logwood extract. Another largely used 
process is to use sulphate of copper as the mordant. 
Formerly, the best purple that could he dyed was 
got with logwood, and this is still used occasionally. 

Fast Purple on 20«lb. Cotton. (live a 
blue bottom in the copperas vat, then a few turns in 
cold water, with a little stannous chloride at 2° Tw. 
Tn another vat add *1 lb. or 5 lb. of logwood 
previously spent, enter and give eight turns. 

Lavender shades are dyed in the same way with less 
logwood, and light blues are dyed in the copjwras 
vat. Chrome may lx* used as the mordant in bjack 
dyeing, but the result is not so good as with iron. 

Dyeing Wool. As lately as I81K), Hummel 
asserted that “ logwood is the essential basis of all 
good blacks on wool.” The mordants are generally 
either eopperus or chrome. The latter is now the 
favourite, but it makes tin* wool harsher than 
copperas, and liable to take a greenish east if the 
chroming is not uniformly done. 

Copperas Black. Two met hods are adopted, 
the latter being the more usual. For 100 lb. goods, 
mordant with a lb. ferrous sulphate for 1} hours, 
adding 2 lb. copper sulphate, 2 lb. alum, and 10 lb. 
argol to the hath. Taft, squeeze, and let the goods 
lie over night. Then dye with . r >0 II). logwood at- 
the boil. The result is a bluish bhiek ; add about 
2 lb. of fustic to the bath. 

Or, for the same quantity of wool, boil it for LI 
hours with 50 lb. logwood and 5 lb. fustic ; lift, 
cool, add 5* lb. ferrous sulphate and 2 lb. copper 
sulphate; re-enter, bring to the boil in three- 
quarters of an hour, and boil for half an hour. 

A well-known black, invented by a Lille chemist, 
and sold as Bonsor' s Patent Direct Black, is a 
logwood preparation obtained by precipitating log- 
wood decoction with copperas and copper sulphate*. 
It is rendered soluble by the addition of oxalic acid, 
and used in a single bath, fustic being added to 
tone the shade. 

Chrome Black. The wool is mordanted as 
usual with chrome — that is to say, with 3 lb. 
bichromate of potash and 1 lb. sulphuric acid to 
100 lb. of goods. The dyeing is done at the boil, 
with 50 lb. of logwood, the shade being toned as 
before with fustic. Where yarn has to stand 
milling with white* yarn it is saddened, as already 
noted. A direct black may be made similar to 
Bonsor’ s by precipitating the logwood with the 
chrome, the lake thus obtained being dissolved with 
oxalic acid for use. 

Wool is frequently given a light bottom in the 
indigo vat, and dyed either a copperas or a chrome 
black. These are called tooaded black. 

Dyeing Silk. Dogwood is largely used for 
silk, exclusively for black. The silk dyer weights 
the silk in the operation, and as the process is long 
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and intricate, and varies with cnchPdescription of 
silk, it does not come within the scope of this work. 

Cutch and Gambler. These closely allied 
•dyestuffs are still largely used by the dyer, and 
will probably be able to compete with the artificial 
dyestuffs for nmny”years to come. Bombay cutch, 
or catechu, is considered the best quality, and 
is obtained from the species of Areca. Bengal 
cutch, containing more tannin but less colouring 
matter, is obtained from species of Acacia and 
Minima. Gambier, sometimes called cube or yellow 
cutch, is obtained from a Batavian shrub, Uncaria 
catechu. Formerly, it was thought that these 
dyestuffs were earthy matter, and they were called 
terra Japonlca , Japanese earth. (lam birr was 
looked upon as merely an inferior quality of cutch, 
but the main difference seems to be that it is less 
' oxidisable, and an article on the market known as 
‘patent cutch is prepared from gambier by adding 
oxidising agents. 

Cutch and gambier have been classed as tannins, 
and, as a matter of fact, they contain about 00 per 
cent, of tannin to 8 per cent, of colouring matter. 
This colour puts cutch and gambier out of the 
question for mordanting cotton, but gambier in 
particular is used largely in tanning. The reactions 
of cutch with the various mordants is very varied, 
and it is used for a variety of com pound shades, 
especially browns, drabs, and fawns, which are very 
permanent. The quality of the dyestuff is usually 
gauged by the extent of its solubility in cold water. 
Gambier is almost insoluble, but dissolves readily 
in hot water. 

Dyeing Cotton. An old recipe says: Brown 
on 20 lb. cotton. Spend 0 lb, of cutch with 0 oz. 
of sulphate of copper in boiling water. Turn the 
cotton over in this bath for about 15 minutes. 
Enter another bath made up with bichromate of 
potash at the boil. Repeat the baths until the 
cotton is dark enough. This is nearly the modern 
practice, except, that the cotton is allowed to lie 
for some hours before entering into the biehronie 
bath. Cutch and gambier arc largely used, together 
with other natural colouring matters and with 
artificial dyes, to produce compound shades. 

Dyeing Wool. W ool is dyed like cotton, but 
cutch is not a favourite with the wool dyer, as 
it gives the material a harsh handle. 

Dyking Silk. Gambier is largely used in silk 
dyeing, as it acts as a weighting material as 
well as a dye, and resists the soap baths, which 
cutch does not. As long as weighted silks can find 
a market, gambier will be most important weighting 
material to tho silk dyer,. as lie can use as much as 
200 per cent, in the hath. 

Madder. Madder is the root of the It tibia 
tinctorilm, a plant indigenous in Asia but long 
cultivated in Kurojie, and in the seventeenth 
century the attempt was made to grow it. in 
England. Before the days of the artificial dyes it 
was looked upon as the most important colouring 
matter for the calico printer. Jn dyeing, it was 
used to produce the brilliant Turkey red on cotton 
by a long, difficult, and even dangerous process. 
In this use it is now supplanted by alizarin. 

Madder still finds a limited use in wool dyeing, 
generally together with other natural colouring 
matters, to produce very fast drabs, especially on 
thick felted material, such as hat bodies, on account 
of its penetrative power, which is not possessed by 
its substitutes. Madder gives a wide range of 
shades with the various metallic mordants. 

Beth the colouring principles of madder, alizarin 
^ai3|d pqrpurin, are produced synthetically at a much 


lower cost than an equivalent quantity of natural 
madder, and the ease of application is altogether 
in their favour. Madder, however, contains also 
a brown colouring matter that is absorbed by wool. 

Its great penetration makes it serviceable for 
dyeing thick felts — hat bodies, for instance. Even 
for this limited use, madder is less and less employed, 
as certain substitutes have been found, such as the 
cloth reds sent out by several firms, which give 
perfectly satisfactory results. These, moreover, can 
be combined with fustic or logwood in a similar 
manner to madder. For instance, a cheap brown, 
very fast to light and milling, is got with Clayton 
(■loth Red (Clayton Aniline Company), fustic, and 
sumach, in a single hath. The woollen is boiled 
with tho dyestuffs for 1 hour to 1.J hours; the 
material is lifted, copper sulphate is added to the 
bath, and the cloth is re-entered and boiled for 
half to three-quarters of an hour. 

The Redwoods. These are divided into 
two categories — tho close or hard woods, such as 
camwood, burwood, and sandal, also called sanders 
or saunders-wood, and tho woods in which the 
colour is much more soluble, obtained from several 
species of Cam! pin ia. These have a strong family 
likeness, and are termed indiscriminately Brazil 
wood or peaehwood in tho dyehonse. Peachwond 
Inis nothing to do with tho peach-tree ; it is m> 
called because it wits imported from ( 'am peachy. 

Insoluble Redwoods. The two categories 
are known ns insoluble and soluble redwood 
although the first term is not correct; the hard 
woods are soluble slowly and with difficulty. 

Mahogany is closely allied to these woods, and 
used to be employed for very fast drabs on cotton. 
The writer has seen a pattern ]hc pared for the 
instruction of students, but the colouring matter 
is too weak for jiractical use. 

(■am wood is the strongest and most serviceable, 
and the shades it gives are very permanent. It 
is also comparatively soluble. 

Harwood resembles camwood, but it is practically 
insoluble in cold water, and boiling water parts with 
much of the colour it. takes up when allowed t»> 
cool. The method of dyeing on wool is to stuff — 
that is, to boil in contact, with the wood in a state oi 
sawdust; the particles of wood must mix with the 
fibre — and to after-treat or sadden with the mordant. 
This is the usual process with the other insoluble 
redwoods. 

Sandalwood is very similar to barwood in its 
propert ies, but the solution smells like orris, whereas 
the barwood concoction is odourless. These woods 
cannot be used on silk, the method of dyeing pro- 
scribing it. Barwood red on cotton was known 
as mock Turkey r<d , but the alizarins have driven 
this out of the field. These woods are chiefly usd 
now for compound shades on wool obtained by 
using them with logwood and fustic. 

The Soluble Redwoods. Brazil is said 

to have obtained its name from it* flame coloured 
forests (brasas, a glowing tire) but the “brazil 
woods ” now come from many parts of the world. 

Brazil wood was a Government monopoly at one 
time, and was hence called by .the Portuguese, 
queen- wood. The Brazilian supply near the con^t 
was used up, and although it was grown in abun- 
dance in the West Indies the demand for if was sc 
great that the supply was quickly and extravagantly 
exhausted. There is probably very little Brazil 
wood properly to called on the market, 

Pernambuco, Lima wood, Sapan wood , Poach 
whioh is also called Nicaragua wood or Santa Martha 
wood, god Jamaica wood all sontgJn the sam* 
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colouring matter, brazilin , in varying qualities. They 
are used to some extent in silk dyeing, giving shades, 
however inferior to those obtained with cochineal. 
They are principally used on alum-mordanted 
wool to get bright crimsons, and to dye purples 
on a chrome mordant. 

Fustic. This is wood of the Morns tin dor in, 
grown principally in Brazil and the West Indies. It 
is known also as old fustic, Cuba wood, and yellow 
Brazilwood. Fustic is not used in cotton dyeing, 
only for compound shades on silk with other dye- 
stuffs. It is principally used as an extract procur- 
able in red or yellow shades, and for heavy woollens. 
It is the most important of the natural yellow 
dyes. On a chrome mordant it gives the pretty 
shade known as old gold. The brightest and fastest 
yellows are got with stannous chloride as a mor- 
dant. It is used principally, however, for compound 
shades, as the yellows are not very permanent. 
With copper sulphate it gives olive shades, and the 
dyeing can be done in a single bath. Dark olives 
arc got with ferrous sulphate as a mordant, and the 
single-bath method gives good results. 

Fu9tet, op Young Fustic. This is the 
wood of a species of sumach. Rhus cotin ns. and 
was formerly called Venetian sumach by English 
dyers. The French dyers first called it fustet or 
fu stock , and as the names fustet and fustic were 
easily confounded “young” was added as a qualifica- 
tion, although fustet has no relationship to old 
fustic. It was never, we believe, used for cotton, 
and the yellows and oranges it gives oil wool 
are very fugitive. Hummel in 1885 said that “ it 
would be no great loss if it disappeared from the 
market altogether,” and it is now almost obsolete. 

BarR, op Quercitron. This is the inner 
hark of an oak, Qucrcus nigra , indigenous in North 
America. Dr. Bancroft first introduced it into 
England, and in 1780 obtained a monopoly from 
Parliament giving him the sole right of importing 
it. The decoction lias a yellow orange colour, 
and must be used fresh. It is sold also in the 
form of extract. It contains a large percentage 
of tannin, and was formerly used for dyeing cotton 
yellow. It is now principally used in ealieo printing. 

Flavine is a preparation of quercitron bark 
imported from America as a fine light dim- 
coloured powder. It is stronger and gives brighter 
shades than bark, and has almost superseded 
quercitron in the dye-house. Its principal use is 
on wool to give bright orange shades on a tin 
mordant. 

Persian Berries. These are the unripe 
fruit of various species of Rhamnus, a plant 
growing in the l^evant. They are usually bought 
as extract or as “ Rlmmnine,” as the berries 
vary in quality. Their price prevents them com- 
peting with the artificial yellows, and they are 
not used in cotton or silk dyeing. They are 
employed principally in textile printing, but 
also, with a copper mordant, on light woollens to 
get an olive with excellent proiierties <»f fastness 
to light. 

Annatto. This dyestuff, sometimes written 
annotta or arnotto, is obtained from the pulp enclosing 
the seeds of the JHxa orellana. Its importance in 
England largely depends upon the necessity of 
imparting to butter the “ natural ” colour which 
tfye British public expect to find. It is still used 
in silk dyeing, however, for orange shades in a 
soap bath, no mordant being required, and for com- 
pound shades with indigo,,, logwood, and other 
natural dyestuffs. An old time favourite known as 
SeWi 4 nankeen dye was simply a solution of annatto 


and pearlaslf in water. Annatto is very largely 
used iff India in silk dyeing, alone and in combination 
with a nqtive dyestuff, Kamala , a reddish bloom 
on the fruit of the Rotilcra tinctoria. This gives 
a most beautiful bright orange. 

Weld, or Wold. This plant, Reseda luteola , 
a species of mignonette, is extensively grown 
in France, and comes on the market as a dye- 
stuff in small dried bundles of stems. The 
more slender these are the better the quality. 
With alum it gives the fastest and purest yellow 
shades on wool procurable with a natural dye- 
stuff, but it is weak in colouring power, and 
this greatly limits its use. The green known as 
” carriage green ” is produced by topping indigo- 
dyed doth with weld. Weld is the most important 
natural yellow for silk as the colours are fairly fast 
to light and soaping. The yellows on cotton ob- 
tained with weld are of no value, hut it lias been 
used for olives on a chrome mordant. 

Safflower. This is the dried florets of a 
species of Carthamus. It contains a red dye 
and a worthless yellow colouring matter. Accord- 
ing to Charles O’Neill “it yields the most 
delicate shades that the art of the dyer can 
produce.” It has also the distinction of being 
the only dye formerly used for legal " red tape.’* 
It yields very fugitive shades, however, and is now 
hardly employed. The method of dyeing silk 
was very curious. If dyed direct with the safflbwor 
the silk takes up yellow, and a poor brick-rod shade 
is obtained. To dye silk, cotton yarn was first 
dyed with the safflower, only the red going on the 
fibre: fhe little yellow taken up was very easily 
washed out. The rod was then extracted in a weak 
solution of carbonate of soda, and used to dye the 
silk. In both silk and cotton dyeing it is almost 
superseded by safranine, an artificial dyestuff. 

Turmeric. This is the rhizomes of various 
species of ('urcuma. They resemble ginger, and 
are put on the market in the state of powder. 
It is a substantive colour going oil to nil fibres 
direct: in fact, no mordant has been found for 
it, and it produces very fugitive shades. It finds 
a limited use. however, in mixture with some of 
the natural dyestuff's and with the acid colours 
on wool. It is occasionally used alone for oranges 
and yellows on silk. 

Orchil and Cudbear. A species of lichen 
known as Rocella, found in great abundance in 
the Canaries and the (Jape de Verde Islands, 
gives a colouring matter sold ns a paste under the 
name of orchil or archil, or as a red powder 
called cudbear. A dry paste used to he prepared, 
and sold as pars is. Several preparations known as 
orchil carmine , fast orchil . and French -purple, are 
made, hut are almost obsolete. Cudbear ♦gives a 
bright, bluish red on silk, and is still used. On 
wool it is simply applied without mordant in a 
slightly acid hath and gives depth and richer tint 
to reds dyed with safflower and cochineal. The 
shades are not very ]x*rmanent, and these lichen 
colouring matters are largely superseded. 

Cochineal. Cochineal is a small female insect, 
the coccus cadi. It was thought to be the grain or 
berry of a plant, and the tints produced with it arft 
still sometimes called “ grain colours.” It gives the 
finest procurable shades of crimson, red, purple, 
and scarlet on wool and silk, but it has been largely 
superseded by the azo dyes, and by far the greater 
portion of the cochineal imported into England 
goCs to the confectioner. The colouring matter, 
carmine, or carminic acid, is extracted from it on a 
large scale in France, and is used for colouring 
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artificial flowers. Its principal u& in England oxidising aromatic bases. He found that the bluish 

has in recent years been for Army cloths, btit even precipitate produced by the interaction of aniline and 

in this capacity it has felt very seriously the com- bichromate yielded a Splendid violet soluffon with 

petition of khaki. With a mordant of tin salts it alcohol, and the dye was obtained by evaporation 

gives a scarlet, and with alum a crimson on wool, the tincture. The result was British patent 1084 

and these arc practically the only uses to which of 1850, taken out after consultation with Pullar, 

it is now \ nit. The scarlet is toned by the addition the Perth dyer. The establishment of the first 

of a little yellow dye, usually t la vine or fustic. aniline colour factory soon followed. Perkin and 

Crimson and scarlet were formerly dyed on the Sons erected a factory at Greenford Green ill 1857, 

same mordants on hilk, hut the shades are not and liegan to put Perkin's Mauve upon the market 

verv fast to light, and the uzo dyes arc almost in the following year. Aniline wak thus the first 

exclusively used. coal-tar product which yielded a commercially 

Hermes. This is the dried bodies of another useful dye. Perkin, now Sir William H. Perkin, 

species of the coccus insect, and the colouring F.R.K., was a youth of eighteen at the time and 

matter is identical with that of cochineal. It is went into partnership with his father and brother, 

very much weaker in colouring power, and e\en Aniline had been known for some time. Itwasfiist 
before the days of the artificial dyes it was little prepared in 1820 by l T nverdorhen, who obtained 
used in England. it by the dry distillation of r-digo, hence the name. 

Artificial Dyestuffs, Although the dyer's one* of the well-known species of the indigo plan! 

#nrt is prehistoric, he has been dependent until being Jvriiffnfera anil. ITnverdorben (‘ailed it 

half a century ago entirely upon natural colour- kryaUiUin. The first to find aniline in coal-tar was 

ing matters, and of these comparatively few Bunge, in 1831. He called it kyarwl. For a 

only of the immense variety provided by the long tune it was obtained in a mixture with homo- 

animal and vegetable realms have been used in logues, especially toluidinc. For this reason no 
dyeing. The reason is that the natural dye in two aniline makers sold the same thing, nor was 

some cases depends for its existence on the life there any confidence to be placed in getting the 

of the plant or animal whose vital processes same aniline twice from the same firm. In 18 ft) 

have produced it, in others that it resists every Mitscherlich first discovered nitrobenzol and 

attempt to extract it, or that when extracted it both Zinin and Hofmann made aniline from it 

is too fugitive and unstable on textile fabrics to 'Pin* commercial process now used in makuui 

be of any service. Although some of the usable aniline — that is, the reduction of nitrobenzol In 

natural dyestuffs are of an excellence hardly yet nascent hydrogen — was discovered by Bee hump 

surpassed in some directions by uttificia] products, m 1854. when the price of aniline fell at once In 

as a rule these latter are much simpler in use, a seven shillings a pound. , 

matter of first importance to the dyer. Hence, Perkin's dye w as first sold in this country by the 
short as the life of the artificial dyestutls has been, name of Tynan Purple, but on the Continent it 
they have driven the majority of their predecessors was called Perkin's Violet or Mauveine. It was 

from the field they have occupied alone tor so largely used for silk for sunshades and is still used 

many centuries, or at least have greatly restricted for pajx-r for postage stamps. 

the scope of their utility. Being definite substances, Perkin’s success set chemists at work on coal-tar, 
and therefore always possessing the same proper- and since his discovery many thousands of coal- 
ties, they are simpler and more certain in their far dyes have seen the light. The next disenveiv 

application than the natural dyes. was Magenta, obtained by Verguin in 185!) bv 

Although of such recent origin the manufacture aetuur on aniline with stannic chloride, and in the 
of artificial dyes has developed at a rate probably same year the second artificial dye factory was 

unparalleled in the history of industry, and we erected by Gcigy and Go. at Basle. The French 

now see gigantic businesses — which will compare patent, law of 1844, protecting substances and the 

in dimensions with any others in the world, pioeesses by which they are prepared, prevented 

of whatever kind — making «n class of compounds much lieing done in France. Hence, when Durand 

of which fifty years ago there was hardly a single and Herbert Keller introduced the use of mcrem v 

representative and certainly not one in current salts in the preparation of Magenta, they, too, went 
use ns a dye. It would probably lie a safe to Basle. 

assertion if we were to say that the number of In IK(>0 Magenta was £30 a pound, and this and 
patents taken out for coal-tar products exceeds Mauve were the only artificial dyes at that tim* 

that obtained tor any other class of inventions. made /rom coal-tar. Jn that year, however, Azu 
History of the Artificial Dyestuffs. line, the first coal-tar blue, was discovered, and th«* 

The first artificial colouring matter not a pigment method of preparing Magenta by oxidising ft mixtuic 

was picric acid, discovered in 1771 by Wolff, who of aniline and toluidinc with arsenic acid w«i- 

made it by treating indigo with nitric acid. He invented by Medloek, and brought the dye int«» 

named it from its taste (Greek pikroti , bitter), and commercial use. 

recommended it as a yellow dye for silk. The Two important events murk the 'sixties, the 
real start of the artificial dye industry began with discovery of aniline black by Lightfoot, in 1853, 

the invention of coal gas and the consequent and the synthesis of alizarin, 6ne of the colourin'-: 

attempts to utilise coal-tar obtained as a by- matters of madder, by Graebe and Liefeermann m 

product. Years passed, however, before much 1 8b8, both epoch-marking achievements* Graebe 

was done. Bunge mude rosolicaeid about 1833, and Liebermann thus effected the first synthesis 

and Charles Lowe, of Manchester, obtained phenol of a natural dyestuff. Their process was net. 

and picric acid from coal-tar in 1«S55 and was the however, a commercial one, but. Oal*o and Perkin 

first to do so. soon introduced the sulphonating process still 

Then came the first real step. In April, 1850, employed. A large number of new dyes was soon 

William Henry Perkin, who, happily, is rtill living, added to the small list then existing, and the new 

made a substantive? dye for silk known & Perkins industry was fairly launohed. The further hfctorv 

Mauve. Ho was trying to synthesise quinine by of the subject will be touched upon later, 

, , Continued* 

ms \ 



•* 

Group 24 . 

STEAM ENGINE CONSTRUCTION 

PRIME 

MOVERS 

Willans Engines. Horizontal Engines. Bored Guides. Semi- 

4 

girder Engines. Long-stroke Engines. Tandem Engines 

Continued from 


p.iB** r>751 


By JOSEPH G. HORNER 


A MONG the high-speed vertical engines the 
Willans [23J occupies a leading position. It 
was among the earliest to provide a direct unbelted 
drive to dynamos. The name by which it is best 
known, the central valve engine, indicates its leading 
feature. It might be considered a form of trunk 
engine in which the piston rod forms the trunk, 
enclosing the piston valves which control the steam 
supply to the cylinders. It is also a single-acting or 
constant-thrust engine. Figure 24 shows a t ri pie expan- 
sion typo in external view, lagged, and in vertical 
section. It is driving a dynamo. It is a 100-horse- 
power engine, making 380 revolutions per minute, 
and was built for Birmingham University. 

Action of Engine. The action of the engine 
is as follows. Steam is brought into the steam 
chest above. Its supply is regulated by a governor 
(not shown) which controls, through the rod A, the 
opening of the throttle valve Ik The steam enters 
the upper piston rod or trunk (\ through the cut- 
otf ports a, set'll near the top of the rod. The 
lino of piston valves, D, working inside the piston 
rod, is operated by the eccentric Jfi on the crank 
pin. The ring of ports, b, is thus opened at the 
proper moment, allowing the steam to pass into 
the top or high-pressure cylinder F at the 
beginning of the stroke. This ring of ports is the 
only inlet *to, and outlet from, the cylinder, 
and it moves up and down with the piston. The 
valve is arranged to cutoff steam at about three- 
quarters of the stroke. But the cut-off takes place 
by means of the upper ports a in the trunk, and is 
effected at the stage pre-arranged, by passing down 
through a gland, (i, into the cylinder, so preventing 
further entry of steam from the steam chest through 
the ports a. r |lhe cut-off is thus very sharp. The 
steam, working expansively, passes into the upper 
part of the intermediate cylinder II. first hv t In* 
valvo moving up, and passing tin* port b. The 


expanded steam then passes through openings, c , to 
the lower side of the piston, and to the upper side 
of the piston of the intermediate cylinder. The lower 
part of the high-pressure cylinder is thus for the 
time being a receiver or steam chest to the inter- 
mediate cylinder. Tt will also be noted that there 
is no upward pressure, because during the upward 
movement the steam only passes from the upper to 
the lower side of the piston. During the second® 1 
stroke, which, of course, begins the second 
revolution, the steam passes into the intermediate 
cylinder, pressing on top of its piston. Tt again 
enters the piston rod by a ring of holes, d. and 
passes thence into the cylinder by o ring of ports, c. 

It. is then cut off by the ports above, d, ana passes 
down through the gland of that cylinder into tho 
lower portion, which is also the steam chest for tho 
last, or low-pressure cylinder, in which a third cycle 
takes place. At the final stage the expanded steam 
passes from the bottom of the low-pressure cylinder 
through the exhaust chamber to the condenser. 
Thus we have tho interesting design of two sets of 
triple expansion engines arranged in tandem, and 
each set driving to the same crank shaft. Also the 
engines can be converted from simple to compound, 
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or to triple expansion by the simple addition of 
suitable cylinders and valves. 

Since there is no upward pressure, knocking of 
brasses and joints would occur if provision were not 
made to prevent it. This provision takes the form of 
an v air cylinder, K, and guide piston, L,to the top of 
which the cylinder pistons are bolted. 'Hie guide 
piston is driven with connecting rods, one on each side 
of the eccentrics K. The top of the guide cylinder is 
closed, and on the up stroke the air is compressed, so 
cushioning the piston and the parts attached to 
it. Some power is thus stored up and given out aga in 
on the down stroke. A result is that the recipro- 
cating parts always press downwards, and the con- 
necting rod brass is always pressed against the crank 
in, and the crank shaft against the lower main 
earing brass. Hence there is no knocking or back 
lash. The lower part of the framing is formed into 
an oil chamber, and the cranks and ports adjacent 
#are lubricated by the splash of the cranks. The ent ire. 
chamber is closed in. and has doors. The steam 
separator at the side mechanically removes the 
particles of water from the steam. 

Horizontal Engines- These exist in even 
larger variations in design than the vertical. They 
are of both non-condensing and condensing type--, 


solidly with the bed, for the ioose flat guide bars 
bolted thereon. These are embodied in numerous 
engines, which vary much in other respects. The 
guides arc bored, and the end flange is faced at a 
single setting of the boring bar, or cutter head, and 
the 1 searings for the crank shaft are bored at the 
same height of centre. There is thus no time 
occupied in adjustment of guide bars to the centre 
of the cylinder. The cylinder is also in this design 
set without the trouble of making linear adjust- 
ments, being centred by the simple device of 
turning a shallow shoulder, or check, on the 
cylinder end to lit a corresponding recess within 
the rear end of the guide. The flange of the 
cylinder is bolted to a flange on the guide, and 
this is the only attachment and support afforded to 
the cylinder, in what is termed the overhanging 
cylinder type of engine [26]. One result of this 
simplification of design is that the building lip or 
erection of such engines is less expensive than that 
of those in which numerous adjustments have to be 
made during erection. A slight incidental advantage 
in the overhanging type of cylinder engine is that tin- 
parts are free to expand longitudinally with heat, 
which is not the case when the cylinder is bolted 
down on a bed -plate. 


and range from small to high powers. They have 
the advantage of being easily erected, the axes of 
the moving parts being all situated in ahorizonta! 
plane, or in parallel planes, and all lying low dow n 
near the foundation. Such engines run very 
steadily, due to the entire absence of top- 
heav iness. They arc used v ei y ex tens! vely for mill 
and factory driving, and for general industrial 
service. They are not suitable for marine work. 
Like the verticals, they are made in simple and 
compound types, but with rather a wider choice 
of arrangement in the disposition of the cylinders. 
They are also coupled direct to dynamos, but not 
so generally as are the verticals. 

Engines with Continuous Beds. 
The simplest and about the earliest type of 
horizontal engine was made with a bed of D fl 
section. Large numbers are still designed thus. 
On it are bolted the cylinder, the guide bars, 
and in some cases the (Tank shaft I Hearings. 
Such engines arc not open to any objection as 
far as their operation is concerned. They run 
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24. WILLANS CENTRAL VALVE ENGINE 


well, are durable, and are easily kept in order. 
Nevertheless, they have been to a great extent 
. superseded by other designs, which are more 
compact, arc more readily erected, and have more 
graceful outlines. 

>. .Engines with Bored Guides. The 

m$st important element in this chaise has 
•been they substitution of bored guides [25] cast 


The solid bored guides, however, do not contain 
provision for taking up wear, as the flat separate 
guide bars do. But that is of no moment, because 
means of adjustment is, in the better class of such 
engines, embodied in the piston rod crosshead, which 
slides in tj&e guides . this adjustment being in the form 
of wedge slips. Moreover, the bored surfaces are ot 
such large area that wear takesplape very slowly. 

- . V ’ . v\. Y^r. ' 
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Beds with Self-contained Bearings. 

The design of the bod, apart from that of the guides, 
is varied extensively. 0$e of the most common is a 
bed which is extended at the sides laterally [26J to 
leave room between the crank shaft bearings for 
the movements of the dip form of crank and the big 
end of the connecting rod. The opening may be cut 
right through, and be completely enclosed by tho 
frame, forming a crank pit, or it may take the form 
of a deep recess unen- 
closed at the front end. 

It, and the bearings, may 
also be disposed* sym- 
metrically about the. 
centre, or unequally. The 
lirst is preferable gene- 
rally, because there is no 
right and left hand ar- 
rangement to be con- 
sidered, and the flywheel 
and the front- driving 
pulley can be put on 
cither end of the crank 
shaft. 

Engines of this snug, 
self-contained type can 
be employed as vertical 
v'nM engine*, which is 
hardly practicable in the* 
east* of the older types 
first named. The entire 
engine can be bolted 
bodily to a wall, and 
either the cylinder or the* 
llywhccl may be upper- 
most, Wall engines are 
employed in factories for 
driving lengths of shaft- 
ing, the advantage being 
that floor area is not then 
occupied. 

Semi-girder Beds. 

Another great group of 
engine frames is termed flu* sun i -girder type, and 
sometimes the bayonet engine. Such engines nearly 
all embody the bored guide, but differ from 26 
in the bayonet design, in which the bed is extended 
to one side of the centre line, as in 25. and carries 
a single bearing only. The crank in such designs 
is of the circular plate, or disc type, and the bed is 
set buck sufficiently far from the centre line to 
leave room for the crank disc. Ann t her independent 
bearing is necessary in these designs to carry the 
opposite end of the crank shaft, and the flywheel 
usually occupies the space between the two bearings. 
Around*' this design details vary in the hands of 
different manufacturers, those shown in 25 being 
usually embodied in engines of small and medium 
dimensions. In the larger engines other modiliea- 
lions are generally made. 

A few leading points may be noticed, first, in 
the external view of ono of the standard horizontal 
types of engines, made by llobey & Co., Ltd. [27 1. 
It- has a semi-girder, or bayonet type of bed. 
The cylinder A* which has a liner, and is lagged, ha* 
its own separate foundation. It is checked into 
and bolted to the cylindrical cross head guide 11, 
by a flange a. The guide has its own foot and is 
in one easting with the bayonet, which terminates 
m one of the main bearings C, for the crank shaft, 
which bearing has its own independent foundation. 
The other main bearing, D, is independent on its 
own separate base, and between the two the fly- 
wheel E is hung. 


To obtain a bearing sufficiently wide or long 
between the disc crank F and the eccentrio G 
which operates the slide valves involves throwing 
tho eccentric G and its rod H out of line with the 
valve rod .1. A sliding connection, K, is therefore 
made between the tw'o rods. The steam passages, 
bb , are short, which involves two valves, LL. one 
for each end. Governing is done through the 
throttle M, and is effected from a belt, N, passing 
from a pulley, 0 on tho 
crank shaft to P, which 
drives the governor Q 
through bevel gears. 
From this skeleton draw- 
ing we may now proceed 
to more detailed engines. 

It is usual to class 
horizontal engines as 
right or left hand, whi% 
signifies that the fly- 
wheel is situated to right 
or left of the longitudinal 
axis of the engine when 
tho observer is standing 
faring tho engine at the 
crank shaft end. Thus, 
27 is right hand. An 
engine is said to run 
outwards when, the 
observer standing in the 
same position, the top of 
the flywheel is rotating 
in his direction ; inward, 
when running in the 
direction opposite. 

Large Horizontal 
Engines. In these, 
though tho general re- 
semblance to the semi- 
girder type is obvious, tho 
increase in dimensions is 
one reason for differences 
in methods of construe 
tion. Another is th.it most of these arc compound, 
and many also condensing, engines. A common 
design is this : Girders of rolled sections arc used, 
with or without composite connections of cast iron, 
to form the bed plate upon which the engines are 
carried. In others, the bed plate is abandoned 
and separate foundation blocks of masonry or 
concrete receive respectively the several main 
portions of the engine cylinder, main bearings, 
etc. The cylinder is a separate easting with a foot 
for bolting down by. The girder, generally cylin- 
drical, is bolted to the cylinder, thus receiving 
adequate support at that end, while a foot is east 
on it at the end opposite, which is bolted down to 
a foundation block. Separate eastings form the 
crank shaft bearings, or frequently ono of the 
bearings is cast with a foot, and forms an extension 
of the guide easting in bayonet fashion. All the 
parts where the vibration is most intense are 
thus secured to foundations, while intermediate 
portions are self-supporting. When such engines are 
made compound, the cylinders arc arranged in 
line, tandem, or side by side. If of condensing 
design, the condenser is placed behind, and its 
pumps are worked by a tail rod from tho low- 
pressure cylinder. In such arrangements each 
cylinder and condenser has its own isolated founda- 
tion. Rut if a rolled girder bed is built it is 
extended sufficiently far to include the low-pressure 
cylinder and the condenser. Such engines arc 
mostly of high class design. They generally 
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27. SEMMtfRDKJt TYI’K OF KNUIXK 
(Kohey iY Co., Ltd.. Lincoln) 


include automatic governing from the crank shaft, 
by which, by various methods, the steam is cut off 
to work at varying rates of expansion by the valves, 
so that the variation from normal speed is redmecl 
within almost iniinitesimal limits. 

LongastroKe Stationary Engines. 
This is a type of simple engine which is useful for 
general purposes, as for driving machinery in shops, 
sawmills, etc. The rate of revolution is not high, 
00 per minute being the normal in the engine 
shown [28], which is one by Kansomes, Sims and 


Jefferies, Ltd. It 
has a cylinder of 18 in. 
! j boro x JO in. stroke. 

It is an expansion 
engine, rendered automatic 
I by the governor, which operate 

i on the cut-off valve. The bed is 

of the bayonet type, and the engine 
is termed a right-hand one. The 
details to be particularly noticed in this 
design are the following : 

The cylinder A is bolted to a mainframe B. 
The alignment, of this frame with the 
cylinder is ensured without trouble, by the 
centring of the flange a on a projection on 
the frGnt of the cylinder. The stuffing box, b, 
of l lie cylinder and the returned end, or inner 
flanging of the cylinder adjacent thereto, form 
the front cover, a usual alternative to the 
regular cover and external flange seen at the 
tail end. The main frame B is bolted at the end 
opposite to the cylinder to the main bearing (• 
by the flange c. The whole engine is supported 
by the bearing C, by a separate bearing, 0, bolted 
to the main frame at the termination of the 
erosshead guide (of cylindrical type), and by 
the foot bolted to the cylinder which forms the 
support at the extreme left-hand end. The 
bearing K is an independent casting, and supports 
tin' crank shaft on the side opposite to the flv- 
wheel. 





The cylinder H is jacketed by the fitting 1>f a 
loose liner of hard metal. The sectional form of the 
piston, with the plato screwed down to confine the 
metallic packing, is shown. In consequence of 
the long stroke the x>iston rod and piston are 
relieved by a tail rod, d, protected 
with a sheath, e, extending to the ^ 

rear through the back cover. J 
The stuffing box for the tail rod m am 

is bushed with gunmetal, as are 
also the stuffing boxes and glands j P — 
at the front end for the piston 
and the valve rods. 

The cross head F r* 
moving in the circu- 
lar guides receives 
the small end of the tili 

connecting rod G, iA JfP ^ 
which has provision '■ -J- .. : - rrn Vcac . 

by a tapered cottar g® fy . vV) J 1 *^*; 0 * 

holt for taking u\ 

wear of the brasses. ‘ ] 

The large end has ^ W P 
similar provision i| * 

juade by a tapered “ 

cottar. It drives 29. governor gear of 
to a crank disc, 11, 

which is believed to run more evenly than a lever 
form of crank, being in balance. In this, as in many 
engines, the mass of the large end of the connecting 
rod is counterbalanced in the disc. The llywhet l J 
is an example of the grooved typo for cotton rope 
driving. 

The Valves. Returning to the cylinder end 
we note an arrangement which is common in long- 
stroke engines — namely, the use of separate valves 
for each end, with steam ports, //, and exhaust ports, 

<j(j. This avoids long steam passages with their 
consequent waste of steam. The main slide valves, 
hh, have steam passages passing through the body 
as seen in the sectional view to the right, and the 
usual exhaust arch. The travel is constant. Kx- 
pansive working is provided for by the cut-off 
valves,//, the travel of which is varied, thus cutting 
off the steam passing through the ports in the main 
valves. K is the eccentric rod for the main valves, 

L that for the expansion valves. The movements 
of the latter are varied by the governor M. In its 
ascent and descent, acting through the lever N it 
varies the po- 
sition of tho 
radius link l\ 
the uptrend 
of which is 

operated by iV __ . — ^ _ __ 

the eccentric j' I 

rod L, whilu . ! ^ 
th.'lower end „,i 

is held by a Wl I ^ — 

rad ius rod, 0, L . ' J 
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in tho same vertical plane ns L. The position of 
tho link irt relation to the slide spiqdle controls the 
travel of the cut-off valves, and therefore tho 
point of cut-off. 

An automatic expansion gear of this type, fitted 
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29 . GOVERNOR GEAR OF ENGINE (lUnsomes, Sims «fe Jefferies, Ltd., Ipswich) 

more evenly than a lever to a Hinalhv engine, with a single main valve and 

lance. In this, as in many cut-off valve, is shown in 29. Tho governor is 

rge end of the connecting driven from the crank shaft by a pitch chain A. 

the disc. The llywhet l J In the previous figure it is driven by belts and 

nved type for cotton rope pulleys. Tin* advantage of pitch chain drive is 

that slip cannot occur as in belts. The chain drives 
ruing to the cylinder end the bevel wheels 15 (\ (_■ being on the govenor 
vhich is common in long- spindle. The latter, therefore, is rotated at a speed 
he use of separate valves exactly proportionate to that of the engine. Tho 

arts, //, and exhaust ports, balls i)l). under the operation of centrifugal force, 

team passages with their overcome the resistance, of the Hpring K and move 

i. The main slide valves, the levers FF, the fulcrum of which is ut«. 'these 

passing through the body levers are connected to a crossbar, G, from which 

iew to the right, and the depend the drag links h h, by which the radius link 

travel is constant. Kx- H is raised and lowered in relation to the die block 

vided for by the cut-off in the slide spindle d, actuating the cut-off valve, 

ich is varied, thus cutting The cut-off eccentric, rod K is brought nearer in line 

mgh the ports in the main with, or farther from, the slide spindle .J as the link 

» rod for the main valves, is lowered or raised. L is the radius rod, which is 

valves. The movements connected to the lower end of the link, and is 

r the governor M. In its anchored at the end opposite to one of the bearings, 

gr through the lever N it The little cylinder. M with its piston helps to steady 
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the movements of the link. It is carried by a pillar 
c in the governor framing ; dd d are self-acting 
lubricators. 

• Long-stroke Tandem Compound 

Engine. The next illustration [80] is that of 
an engine by Ransomes, Sims & Jeneries, Ltd., 
fitted with a. jet condenser. In the figure, A is 
the high-pressure, and B the low-pressure cylinder. 
They are both east with feet, 
which are bolted to the baHo 
plate C, and nro rigidly con- 
nected in an axial direction by 
tie- bars a a of wrought iron. 

The steam chests form a portion ,.a I7f ] ff 

of the cylinder castings. As [ ji ( 

there is only one set of ports, j f. 

the passages are longer than in 

the last example. The valves 

are of different types in the two 

diests. The valve b in the low 

|®essure steam chest has constant 

travel. It is of the Trick type, * 

the feature of which is the double j i i//l— 

opening for steam, which allows §| I J •' [(,.( T ! 

a good supply with a short valve .] 

travel. It is operated from the ’ : 

rod which moves the main slide 31. TRI< 

valve c in the high pressure n fli aseinos, : 

cylinder; the connection is seen 

ut c ; d is the cut-off valve worked expansively, 

and this is operated from the governor 1). 'flu* 

governor is driven from the crank shaft by pitch 

chain 1}. The steam exhausting from the low- 

pressure cylinder passes into the jet condenser F 

through the pipe IS. The air pump plunger, which 

is partly seen in the; plan view, is operated by an 

extension of the piston rod, but the valve details 

are not 1 ldicated. The condenser body is bolted 

to its own foundation, and connected to tho low- 

pressure cylinder w-itli rigid roils. H is a force 

B for feeding the boiler, J is a sight feed 
ator over the high pressure cylinder. 
The general fitting of covers, glands, connecting- 
rod, etc., may lie noticed, and in many respects 
theso are identical with those shown in the pre- 
vious engine. 




31. TRICK VALVE 
(liaiiHoincK, Sims A Jefferir.-i 


The valves, enlarged, are shown in 81, which, if 
compared with the general drawing will render the 
details clear. The low pressure 7 rick valve is seen 
in the group of 32 in end view, in transverse 
section, in a plan of the back of the valve, and 
in longitudinal section, in which the valve rod is 
included. It will be noticed that the latter is 
secured with nuts and lock nuts at each end. 

This is a usual method of 
attachment, because it permits 
of exact longitudinal adjustment 
or setting of the valve. Tho rod 
does not fit closely in the hole, 

/N\ L jC j .. and the latter is elliptical in shape 

y\ V allow for the wear of the faces 

^ .J. ljjJ; - of valve and steam client. . 

[ ‘ { N The valve is shown in middle. 

travel. Steam cannot enter from 
the chest until the edge of one 
opening of the steam passage has 
passed beyond the edge of the 
/• ' ( steam chest face. Then steam will 

>X 'i x i eute • and pass round the passage 

: 'y\ \\l 1 }y into the opposite port and also 
C; JM> j simultaneously outside the edge 
' 1 ? of the valve, as indicated by the 

VALVE arrows [31J. At the same time 

is A Jefferies steam will bo exhausting as shown. 

The main and expansion valves 
for tho high pressure cylinder arc shown to the 
right of 32. Both main and cut off valves arc 
show'll in middle travel. The main valve has a 
moderate amount of steam lap, with a correspond- 
ing amount of fixed expansion. The cut-off valve 
having its movements controlled by the governor, 
varies the width of the three openings to steam 
in either end of the main valve. This treble-ported 
type of valve nas a third of the travel required for 
a single-ported valve of equal total opening* 
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By Sir BOVERTON REDWOOD 


pETROLEUM, a Latin term meaning rock oil, 
* is a general name for a wide variety of kindred 
mineral substances, ranging from wholly opaque 
to transparent, from semi-solid to extremely fluid, 
mul f#om odourless to agreeably aromatic or highly 
offensive, all combustible, but with very different 
degrees of inflammability, and only in rare instances 
fit for use in any way without previous treatment. 

The PetroleumAct, 1871 (34 and 35 Viet,, ch. 105), 
which is still ill force, except, as to the standard of 
flash-point, and the mode of testing [flee Methods 
of Testing, in subsequent article], defines petroleum 
in the following words: '* For the purges of this 
Act the term ‘ petroleum ’ includes any rock oil, 
Rangoon oil, Burmah oil, oil made from petroleum, 
coal, schist, shale, pent, or other bituminous sub- 
stance, and any products of }>efroIeiim. or any of the 
above-mentioned oils ; and the term ‘ petroleum to 
which this Act applies ' means such of the petro- 
leum so defined as, when tested in the manner set 
forth in Schedule I. to this Act, gives off an inflam- 
mable vapour at a temperature of less than 100 J of 
Fahrenheit's thermometer.” It will thus lie seen 
that the legal definition of petroleum is a wide one, 
embracing liquid products, such as coal-tar, and the 
solid product, paraffin, which arc not ” petroleum ” 
in the commercial acceptation of that term. The 
reference to Rangoon oil and Burmah oil doubtless 
had its origin in the circumstance that shortly Indore 
the Act was passed the produce () f the Burmah oil- 
fields was in small quantities brought to this coun- 
try, petroleum having previously lieen im]K>rted 
only from the United States. The name of Ran- 
goon oil was dermal from the port of shipment, 
** Rangoon oil ” ami “ Burmah oil ” being two names 
for the same product. Pet role ii in now comes to the 
United Kingdom from many other countries, and 
there is loss reason for retaining the sjwcitic mention 
of Rangoon oil or Burmah oil than for s|H*rifying 
Russian oil or the oils of Roumania ami Borneo. 

Crude Petroleum Oils. Crude oils, as 
collected, invariably consist of mixtures of 
several allied compounds, with, not infrequently, 
other substances, either dissolved in them, or 
merhamoally enclosed and retained in suspension. 
They may be roughly classified ns illuminating 
oils 1 and fuel oils, according to the preponder- 
ance of one or other of these distinct groups 
of compounds in the natural admixtures, or in 
blends resulting from indiscriminate collection. 
The crude oils are further divided into asphalt- base 
and paraffin-base oils, according to the nature of 
the more solid matter held in- solution by the more 
fluid, and determining the quality and use of the 
residue left on distilling off the lighter oils. The 
paraffin- base oils must not, however, be confounded 
with the ordinary burning oil (kerosene or paraffin 
oil), as the latter is largely made from asphalt-bos© 
wide off. Petroleum was at one time called coal- 
o*l, paitlybeoause a kindred substance could be 
prepared by distillation from coal, but chiefly from 
a mistaken idea that, being combustible, it must 
necessarily be derived in some unexplained way 


troiii coal seams. The term fell into disuse when 
it was found that not only did no such relation 
exist, but. that oil-bearing rocks anti coal rarely 
occur in the same geological series of strata. 

The Origin of Petroleum. Much contro- 
versy has a risen upon the origin of these various 
compounds, some contending for their production 
by purely chemical action, deep in the unknown 
interior of the earth, and their ascent, as vapour to be 
cooled and reduced ft) fluid or solid nearer the surface. 

The distinguished Russian chemist, Mendeloeff, 
who has recently passed away, gave the weight of 
his authority to the view that ]>etrolcum is of 
inorganic origin. The great density of the earth, the 
well-known presence of iron carbide in meteorites, 
as well as of iron in the solar system, ns shown by 
flit* spectroscope, and the presence of iron in basalts 
and other eruptive rocks, were adduced by him as 
powerful arguments in favour of the assumption 
that the interior of the earth contains large amounts 
of iron, whether combined with carbon or not. Pro- 
ceed ing upon this assumption, he ascribed the forma- 
tion of petroleum to the action of carbide of iron at 
high temperatures in the interior of the earth upon 
water which has penetrated through fissures produced 
in the cart h’s crust, by the elevat ion of mountain chains 
or other changes of structure which have occurred. 

On the other hand, the cquallyMllustriouK chemist, 
Bert helot, also recently deceased, accepting the 
hypothesis that the interior of the earth contains 
free alkali metals, ascertained by experiment that 
when carbonic mid or an earthy carbonate acts 
ii]H)ii the alkali metals at a high temperature in the 
presence of water-vapour, chemical changes occur, 
which result in the production of hydrocarbons 
similar to those of |>elroleum. the* exact composition 
of the hydrocarbons varying with the temperature. 
11c therefore expressed the view that, petroleum 
may have been produced by the infiltration of water 
containing carlionk* acid gas into flic interior of the 
earth, where, it u'ould Ik* brought into contact with 
the alkali metals at an elevated temperature, and 
under great pressure, with .he production of both 
liquid and gaseous jietioleiim. 

Neither of these hypotheses is tenable, in view of 
the facts of the geological structure and compo- 
sition of the rock-beds constituting the. oil-bearing 
series in any part of the* world. , 

Theories of Organic Origin. Two other 
schools exist of disputants on the origin o|t 
jietroleum. each having amassed a sufficient l>ody 
of evidence in support of animal origin in one 
case, of vegetable derivation in the other, to con- 
vince its partisans that the view propounded, if «• 
not of universal applicability, holds good in at least 
the great, majority of oil-fields. The vast quantities 
of animal and vegetable remains stored in limestones 
and clays of various geological ' periods, and the 
legitimate assumption that where the rooks are 
riot so rich in fossils their absence is duo to want 
of preservative conditions rather than deficiency of 
life at the time of formation, indicate ail ample 
supply of organic material at nil periods of the 
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earth’s history, as represented by stratified deposits ; cooling globe shrinks in the course of ages and the 

its decomposition generally, and its conversion into more compressible rocks are squeezed into such 

petroleum more rarely, being dependent on the folds, has, in many oil-fields, the beneficial effect of 

conditions prevalent at the time and place of collecting all the water that may have remained 

embedding in the strata, while the subsequent from the time of original formation, or have pene- 

uplicavnls and removals of vast masses of material t rated subsequently, in the troughs, and the gas 

(to constitute the newer deposits) would tend to (which accompanies nearly all petroleum) in the 

waste much of the earlier- formed oil, traces of which crowns of the arches, leaving the oil on the flanks 

remain as asphalt or other bitumen, even in rocks of the folds, with the cushion of gas to afford the 

of extreme antiquity, and in nearly every country desirable pressure, and the water-seal, as in a 

in the world. As the adherents of the hypothesis trapped drain, to prevent escape downwards, 

of vegetable origin base their views generally on The arches are termed anti din als (sloping 
observations taken in different regions from those oppositely), and the troughs synclinals (sloping to- 

referred to by the exponents of animal origin, there getlier). terms of constant use in the discussion 

is every probability that both schools arc right in of oil-fields, in that they connote the productive- 

the main thesis, though wrong in insisting on its ness or barrenness (in respect of oil) of successive 

universality. The animal remains of the Ohio portions of the country thus constituted. As 

limestones have produced a different- oil from that the course of the rivers and minor streams, 

of the vegetable matter embedded in the somewhat carving out hill and dale, is largely independent 

l# ter sandstones of the adjacent- State of Penn- of these bendings of the rocks, effected in ages 
sylvania. In each region, and for each geological long past, an anticlinal arch may be, and often 
js'riod, the chief or sole factor is to be determined is, the floor of a valley, and a synclinal trough 

independently, and in many eases both animal and the ridge of a hill: the terms refer to the slop* 

vegetable remains may have been contributory to of the beds of rock, not to that of the surface, 

the same store of petroleum. which may he quite level, or fall in a wholly 

Proof of Organic Origin. The most different direction, 

noted exponents of the view that, petroleum is In many of the most notable oil-fields salt- 
solely or mainly of animal origin are Ilofer and occurs, either as rock-salt- or as strong brine, 

Engler. In a series of experiments the latter in close association with the petroleum, pointing 

obtained, by the distillation of menhaden (fish) oil to some obscure relation between the accumulation 

at a high temperature and under considerable pres- of salt and t lie original conditions under which oil 

sure, a product resembling pel roleum. The distillate is formed. It may, however, be due merely to the 

yielded by fractionation a lighting oil which was similarity of surroundings essential for the pre- 

described as indistinguishable from commercial kero- Nervation of either substance in undiminished quan- 

sene, and this statement- the author of these articles. tily --namely, the presence of an impervious cover 

having received a sample of the product- many years to keep the oil from escaping, and the salt from the 

ago from Professor Kngler, is in a position to confirm. access of water. Both rock-salt- and brine fre- 

Oil is still being formed ji\ various parts of the qucntly occur with little or no trace of associated 

world, in some places from' animal, ill others from petroleum, but salt, as the more universally dist-ri- 

vegetable remains, though it is not known that any bated substance, generally lingers under the cover 

great bulk of it is produced, or any whatever which protects oil-deposits. 

preserved. For such storage the production must The Relation of Mud Volcanoes to 
necessarily take place under conditions precluding Petroleum. Mud volcanoes are not infrequent 

the possibility of observation, and beyond the accompaniments of petroleum, and by a supposed 

range of our present knowledge to imagine with connection with true volcanic action have helped 

any approximation to definite conception. to confirm the untenable view of the purely chemical 

ditumen. or some similar residue of evaporated origin of oil. They are, in fact, springs of water, 

petroleum, occurs, as we have seen, in even the oldest cither pure or mineralised, cold or tepid, which, 

rocks, but oil of commercial value first appears in rising through apertures in fine clayey material, 

those of the Silurian epoch fsroff kolooy]. From t-liis carry up mud in such quantity as to produce 

early f>eriod down to nearly the present- era valuable around the outlet a cone resembling that of a minia- 

oil-fields occur, at one point or other, in every division tore volcano. Such cones are of all sizes, from a 

of the geological series. Probably the Miocene period fraction of an inch to many yards in height, in 

was the richest in petroleum-forming conditions, a proportion to the force of the current which has 

magnificent birthday endowment for the human race, produced them. They sometimes occur with no 

then in the earliest stages of its bq>ed evolution. trace of petroleum, being merely natural “ artesian ” 

Mode of Occurrence of Petroleum. wells. When occurring in oil-fields, the speed and 

Two classes of rook combine to furnish the vast and carrying power of the current- is generally enhanced 

cver-inoreasgig quantity of petroleum annually by gas escaping under pressure, and the ejection of 

consumed. These are coarse sands (or sandstones) the semi-fluid mud is spasmodic, the pent-up gas. as 

#md crystalline limestones, both of open, porous it- nears the surface, forcing a way through the last 

texture, the one consisting of grains of sand or few inches in bubbles that burst with a sudden 

larger fragments of stone, the other of crystals of “ plop." often creating a vibration perceptible for a 

carbonate of lime or of the mixture of carbonates long distance off. Xh e spontaneous or accidental 

of lime and magnesia known as dolomite. In tho ignition of the gas of the larger cones increases the 

interstices between the grains or crystals, and in superficial resemblance to true volcanic eruptions : 

other cavities and fissures, the oil is stored, some- but, apart from the disproportion in size, thero is 

times under great pressure, shut in by l>eds of no similarity in essential particulars between these 

impervious clay or shale, to be discharged as a , cold-watery ejections and the molten outpourings 

fountain or “ spouter ” when the protective covering of real volcanoes. Only Where the region contains 

is pierced by a borehole. beds of soft, mud-forming material are these cones 

The bending of the originally horizontal beds into produced ; the phenomenon is unknown in areas 

arches snd troughs by lateral pressure as the composed of more solid rocks. 

,, „ Continued 
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HPHE deck stringers aipl part of the, deck plating 
* are unually fitted before the shell plating, bu t as 
the procedure is practically the same in both in- 
stances, the details will be described here under the 
common heading of shell plating. The outside plat- 
ing is by far the most important from the point of 
view of strength and weight of structure. It is, at the 
same time, one of those parts of a ship where first- 
class workmanship is very essential, in order that a 
thorough and lasting watertightness may be ensured. 
The safety of the ship and cargo depends, in fact, 
in the first instance, on the efficiency of the shell 
plating. Only experienced fitters, or plains, as they 
are called, are therefore employed in the preparation 
of the outside plating. 

In the construction of a vessel the most, natural 
and only practical procedure is to begin with 
the framing of the ship, although it is structurally 
of secondary importance, being required only to 
support the primarily necessary shell plating. When 
t I k* floor plates, with the intercostal girders, and the 
frames with the stringers, have been erected and 
faired, and the landing edges sheered, the structure 
is rpady for being plated at bottom, decks and sides. 
The frames and beams are most naturally and con- 
veniently arranged in a transverse direction, as 
already described. All the main plating of a ship 
is, however, most 

efficiently filled in v t ... r ’ 

a fore-and-aft, 01 ,\\ " - J 7 “ j' i 

longitudinal, direr- J _ ^ 

1 ion. The strokes T’ k 


both outside and inside, and the lines of stringers in 
hold and on beams. This strip of paper is then laid 
Hat on the drawing, along the line representing the 
corresponding frame, and the marks are transferred 
to the drawing. When this is done for a number of 
frames, lines may be drawn through the various 
points representing the landing edges of the strakes 
of plating and stringers. In that way a drawing is 
obtained which shows correct widths of plating and 
distances between stringers, and correct fore-and- 
aft distances. It gives, however, a warped view of 
the form of the. individual plates, but this is of no 
importance, as the plan is intended to show the fitter 
only the general arrangement of the plates ; their 
exact size and shape he must determine with 
reference to the. marks on and the curvature of the 
frames. The position of all the butts of the outside 
plating, as well as those of stringer plaint) attached 
to the shell plating, are indicated on the expansion 
plan, as are also doors, coaling ports, mooring pipes, 
hawse pipes, water ports in bulwark, and all other 
openings proposed to he cut in the shell plating. 
The position of these in relation to the frames, and 
also their sizes, are given in figured dimensions. 

Butt and Edge Attachments. In 
addition to the shell-expansion plan, the plates 
may be provided with a midship section of the 

vessel, as shown 
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of plating run, 
therefore, at right 
angles, or practi- 
cally so, to the 
frames and the 
beams. The curva- 
ture which has to be given to the plates 
course, that of the frames and beams already in 
position, but the general arrangement of the 
plating is shown by a plan handed to the workmen. 

Shell-expansion Drawing. The most 
direct way of representing to the plater the exact 
arrangement would be to supply liim with a replica 
of the model which was used in the drawing 
office in arranging and ordering the plating. It 
would, ^however, be inconvenient to carry a model 
about the yard wherever it might be wanted for 
reference. It is, therefore, easier to provide the 
workman with a shell-expansion plan, which is a 
drawing of the plating, such as shown in 87. The 
surface of the vessel cannot be expanded in the 
ordinary seuse of the word, and the drawing shown 
is produced as follows. 

An outline profile of 1 keel, stem, and sternpost is 
drawn with vertical lines representing the frames. 
Owing to the reduced scale of the sketch, only the 
bulkhead frames are s]|own in 87. A strip of 
paper is then bent along a frame line from the keel 
to the gunwale on the working model described 
°1 page <5608. "A mark is carefully made on this 
paper at the intersection of the frame lino and the 
hncs of the keel at centre, thp edges of the plating 




87. SHELL-EXPANSION PLAN 


of 


arrangement of the 
plating, and con- 
“T’~ r . ■ tnining a written 
.,2“! specification of the 

I details of riveting 

* of butts and edges, 

c.te. The usual 
method of effecting 
these attachments is by means of riveted overlaps, as 
shown both for butts and edges in 87, and for edges 
in 88, the overlapped butts being riveted with 
one, two, three, or four rows of rivets, as shown 
in 89, and the edges with one, two, or three rows 
according to the size of the vessel. The butts which, 
at the top and bottom of the structure, require the 
.greatest amount of strength are often fitted with a 
strap on each side, as shown by 90. It will be seen 
that the three rows of rivets on each side, arranged 
in this way, are practically equal to six rows in an 
rla pped attachment. 


over! 

as they must, in this 
instance, be torn asunder 
in two places before the 
plates can part. The 
overlapping of the plates 
at the edges, if arranged 
as shown in 88, and oh 
larger scale in 91, neces- 
■ sitates the fitting of 
alternate strakes close 
to the fruiqes, and alter- 
nate ones at tome dis- 
tance from the frames, 
the intervening spaces 




88 


59i7 




TRANSIT 




J t ol 

* J 

1 

l o’; 

o ' .• 

Mj 


r~ 




= ' •'* ■; 







«■■*■«> — 

90 


that 


f? *--9 - 

• — i-i - - 


91 


being filled up with what are called lining pitcc#, 
which are simply strips of iron of a width equal 
to that of the shell flange 
of the frames, and fitted 
between the strokes of 
plating attached directly 
to the frames, as shown 
in 91. Their thickness 
must be exactly equal to 

that of the adjoining 

plates, and the rivet holes 
must, of course, correspond with those in the 
frames. These lining pieces add undesirable 
weight to the vessel, and neces- 
sitate a certain amount of expense 
in preparation and fitting, and are, 
therefore, often dispensed with. 

Joggled Plating and 
Frames. In such eases the out- 
side strokes of plating must bo 
arranged as shown in 92, by being 
“joggled” — that is, pressed down 
in a machine — before being placed in position, so 
they may tit tightly to the frames, and at 
the same time allow the edges 
to overlap the other strokes. 
An alternative to this arrange- 
ment is the joggling of frames, 
so as to 1)0 brought close to 
the plating of the outside as 
well as the inside strokes of 
plating, as shown by 93. 
The latter arrangement is 
preferable where the frames are not too deep, and 
the former where the thickness of the plating is 
not too great. Where 
the frames are of great 
depth, or the plating of 
great thickness, the cold 
joggling injures the 
material to an unde- 
sirable extent. The 
strokes of plating need 
not necessarily be ar- 
ranged w ith alternate ones “ in, 
through the whole of their width on the frames, 
and with alternate ones “ out,” or separated from 
(the frames by a parallel liner equal in thickness to 
that of the adjoining strokes. 

It is sometimes desirable to tit a stroke “ in and 
out” — that is, the one edge is inside the adjoining 
stroke, as the lower edge of the stroke of plating 
shown in 94, and the other one is outside the other 
adjoining stroke, as the upper edge of the stroke in 
94, It will be seen that this arrangement necessitates 
the fitting of a tapered liner, as the full thickness is 
required at the one edge, and none at nil at the 
other one. This is more costly than the fitting of 
jwrallel liners, and “ in and out” strokes are there- 
fore not used when they can be avoided. The 
fitting of the plates of sutfh strokes is also not so 
convenient a piece of work as the fitting of plates 
either entirely “ in ” or entirely “ out.” 

Templating Shell Plates. The outside 

plates of a ship are prepared by means of tile 
light and convenient templates already re- 
peatedly referred* to. These contrivances are 
placed on the frames in the exact position the 
plates arc to occupy, and the correct dimension* 
and outline form, as well as all riv$t holes to 
correspond to those already punched in the 
IfiMnae, are inarkod on the template and trans- 
fe rred, on the ground, from it to the plate itself, 
details of the procedure are ns follows. The 

mum * 


"j 

1 n 

!) 


1 j 

J 


92 


93 94 

hearing directly 


plater prepares, in the first instance, the template 
from thin parallel wooden battens, which are 
nailed together to form the outline of the required 
plate, as shown in 95. No very great accuracy 



95 


is necessary in this work as long as the length and 
breadth of the template are roughly correct. Pieces 
of batten are then nailed across from edge to edge, 
so that they may correspond in position to ’the 
frames when the rivet holes are being marked. 
This temporary plate completed, it is taken to the 
ship and fixed on the frames by means of iron 
clips as shown in 95. The inside strokes of plating 
must clearly he dealt with first, as they must be in 
position before the outside strakps can be fitted. 
Figwo 95 shows a template in position for a plate 
of an inside stroke. The exact lines of the edges 
of the plate have, as described on page 5615, 
been previously indicated on the frames by per- 
manent nicks and by paint marks of the width of 
the overlaps or landings as seen on the uncovered 
fro UK's of 95. It is therefore an easy matter to fix 
the template on the outside of the frames in such 
a position that it covers the intended landing edges. 
The positions of the butts are obtained from .the 
shell expansion plan, and care must be taken to’ see 
that all the rivet, holes in the frames are covered by 
the cross-pieces of hat ten. 

M ar King of Templates. The fitt ing of the 

plates proceeds from sift forward, as a plate always 
overlaps on the exterior of the one abaft it. This 
arrangement* is adopted in order that the end of a 
plate may not meet the water wdicn the vessel is 
going ahead. The plate abaft the one the template 
is intended for has therefore been shown in 95 
lilted in position with all its holes punched. The 
template must then overlap it to cover all the rivet 
holes in the butt; when that is ensured, all the holes 
are marked with a hollow' brass cylinder of the size 
of the rivets. By dipping it in whiting and inserting 
it carefully from the inside in the rivet holes white 
ring-formed marks are made on the wood of the 
template. When all the holes in the frames and in 
the butt have been marked in this way, the correct 
dimensions of the plate must be noted unless the 
edges of the template happen to correspond exactly 
with these. In most cases this will not be so, as a- 
fresh template is not made for each plate. One 
is usually made to serve for a great number, and it is 
therefore necessary to note on its edges the extent 
to which it deviates from the exact shape of the 
plate. The distances from the edge of the template 
to the intended edge of the plate as marked on each 
frame are measured and noted on the wood, and the 
same is done at the butt of the after end so that a 
correct sketch can he produced of the plate from 
the incorrect template when the latter is taken down. 
When the desired plate has been obtained from 
the stock it is laid 
on blocks to raise 
it from the ground, 
and the template is 
placed on the top of 
it as shown by 96. 
* 96 * with the .mark* <> f 
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the holes upwards and in such a position that there 
Is sufficient material everywhere to admit of the 
required size being obtained. The marks on the 
template must now be transferred to the plate. 
This is done in various ways as regards the rivet 
holes, according to which side of the plate it is 
desired to mark. 


Transferring Marks from Template 
to Plate. In the operation of punching a hole 
in a plate or angle a slight rim or burr is formed 
round thft hole when the material is forced through 
the bolster of the machine. It is very important 
in all riveting that the surfaces of contact should 
be brought dose to eadi other at- all points. The 
rims produced by the punching would prevent this, 
and are consequently very objectionable at the 
surfaces of contact. Both plates and angles are, 
therefore, whenever it is possible, punched from 
the contact side, or the faying surface , as it is 
called. The template [96] is lying on the inside — 
that is, the faying surface of the plate, as regards 
the holes for the frame rivets and the' after 
end butt rivets, which are all the holes marked on 
the template. The transference of these marks 
to the plate below' is effected by a marker, as shown 
in 98. This consists of a long tong-like appliance 
with two thin wooden arms. In 
one of these there is a plain round lgg| gjggg? 

hole of the size of a rivet hole, and ™ 

in the other one, in identically the 97 

same position, there is also a hole, 

but in this one there is inserted a short wooden 
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cylinder. The template is held in position on the 
plate by a number of iron dips, but between 
these it may be lifted slightly by one hand of the 
workman, while he, by the other, dips the, cylinder 
part of the marker in white paint and inserts the 
lower arm between the tem- 
plate and the plate, as shown 
in 08. He then holds the 
upper arm in such a position 
that tlio hole in it exactly 
tits one of the marks on the 
template, and then allows 
the cylinder part of the arm 
below to make a ring-shaped 
white paint mark on the plate. It will be seen 
that all the Holes marked oil the template may 
in this way be correctly transferred to the right 
surface of the plate. The exact shape of the plate 
is next drawn in chalk from the shape of the 
template and the marks on it. Here it is, however, 
in the case of the edges and the butt of the fore end, 
necessary to transfer the marks to the other side of 
the plate, as it will in these instances be the faying 
surface, and as the shearing of the plate produces 
a burr similar to that caused by the punching. 
When the edges, which arc usually straight, or 
practically so, have been struck in with chalk 
lines On the outside of the plate, the holes for the 
/ binding rivets may he marked. This is also to be 
done on the outside surface of the plate, which is, 
as stated above, the faying one in this instance. 
As there are as yet no other holes witli which these 
must be made to agree, they may he marked by 
striking chalk line#' at the projier distance from the 
edges of the plates and making a cross mark on 
these lines for the centre of the holes. The number 
of rivets between two consecutive frames and the 
width of the overlap or landing are stated on the 
*heH expansion plan. The holes for the rivets in the 
butt at the fore end of the plates are also marked 
tar means of chalk lines on tnis, the outside of the 
from information supplied on the drawing. 


Punching, Shearing, and Planing of 
Plates, The plate is now taken to a punching 
machine, and suspended by a chain in such a way 
that it is at the level of the bolster of the machine, 
and can be moved freely in any horizontal direc- 
tion by the men who assist the plater. The 
machine can punch* only ono hole at a time, but 
with experienced workmen the # work can be 
executed with considerable speed. When the holes 
marked on the one side have been punched the 
plate is reversed, and those on tho other side are 
dealt with. The next operation is to pass the plate 
to a shearing machine, and cut it to the. chalk lines 
showing the required shape. Certain edges of a plate 
may afterwards have to be, plant'd, in which ease 
a little spare material, about one-eighth of an inch, 
is allowed for in the shearing o|>eration. The edges 
of the shell plates are planed to remove the burr 
and unevennesses caused by the shearing. 'Phis is 
necessary in order that a sufficiently exact fit may 
be obtained to admit of the joint being made water- 
tight. At all lapped joints there are two edges, but 
only one — namely, the outside one- -is caulked. 
It is therefore necessary to plane only the outside 
edges of butts and landings of shell plates. In the 
ease of the plate just considered, which was of an 
inside shake, only the butt edge at the after end 
need be planed. When this is done the plate is 
ready to be bent to its proper form. 

Before explaining this operation it is desirable 
to describe briefly the marking and punching of a 
plate of an outside strake. Figure* 99 shows a template 
for Niich a plate in position on the frames. As the 



inside st rakes arc now fitted it is necessary to mark 
by the brass cylinder and whiting not only the 
rivet holes in the, frames and in the after butt lap, 
but also those in the landing edges. The only holes 
lhat are left to he marked, according to the specifi- 
cation on the shell-expansion plan, are in this 
instance those for the rivets of the butt at the fore 


end of the plate, and these holes are also the only 
ones that have to be punched from the outside 
surface. A little more care than in the case of an 
inside strake is exercised in marking on the tem- 
plate the edges of an outside strake of plating, as 
these edges have to be planed and caulked. In 
other respects the preparation of a plate of an out- 
side strake is similar to that already described. 

Countersinking of Rivet Holes. In 

the under- water riveting of the shell plates of a 
ship it is undesirable £hat the rivet heads should 
project beyond the surface of the plate, as would 
otherwise be the most natural arrangement. To 
avoid lids it is necessary to make the, rivet hole 
of a conical shape at the outside, as 
shown in 100. The rivet is then 
hammered up to form a head within 
the outer surface* of the plate. The 
conical increase in the diameter of 
the rivet hole is called its counter- 
sink. The angle of the countersink varies 
considerably, being much larger in the case of 
thinner than in thicker plates, as the diameter 
of the hole at the outside surface of the plate 




TRANSIT 


is always about 45 pet cent, in excess of that at 
the inside surface, whatever the thickness of the 
plate may be. When the edges have been planed, 
the shell plates are brought to a countersinking 
machine. This is practically an ordinary drilling 
machine, except that the drill itself is conically 
shaped, so that it can be readily inserted in the 
punched holes, jpid, by the pressure of a lever, made 
to remove the necessary material to give the hole 
tho required form. 

Mangling of Plates. if tile plates are 
for the Hat of the side or bottom at the mid- 
ship portion of the vessel, and if they are sud 
bent or warped, they can he placed in position 
immediately they arc punched, sheared, planed, and 
countersunk. In most, eases the plates are, however, 
delivered from the steel works in a slightly bulged or 
bent condition, and it is necessary, even where they 
are for perfectly flat parts of the vessel’s surface, to 
pass them through the mangling rollers. These 
consist of two sets of parallel iron rollers, one of 
which is revolved by the machine. The plate is 
passed between the two sets, as indicated in 101, 
and gets slightly bent in opposite 
directions as it passes each roll. By 
repeating this operat ion in the proper 
directions all undesirable bends may 101 

bo removed from the plate, so that 
it can be taken to the vessel and secured in 
position with a good lit to the frames and a 
perfectly plane surface. Even in cases where t In- 
form of the vessel is not quite llat. it may 
be unnecessary to do more than pass tho plate 
through between the rollers, as it may, when 
free from local deformations, * 1)0 drawn tight to 
the frames by means of screw bolts, where the 
curvature and the thickness of the plate are not 



great. 

Where the cumiturc of the individual plates is 
groat, it is necessary to pass them through a proper 
plate-bending machine, as shown in 102. This 
consists of three long and strong 
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rollers, the two lower ones of 
which arc revolved by the 
mechanical power supplied to 
the machine, while the top one 
inns free and can lx* elevated or 
depressed parallel or at either end. 


It has already been explained that the plating of 
a ship is always arranged as far as possible in such 


a manner that the plates arc curved only in one 


direction. It will easily be understood that it is 


a very much simpler piece of work to give a plate 
a cylindrical form than a spherical oik*. The former 
cun be done without the application of heat, lmt the 
latter cannot . 


Rolling of Plates with Curvature in 
One Direction. When a plate is ready to bo 
rolled— -say, one for the bilvieof the vessel amidships 
— the fitter goes to the ship and bends a piece of thin 
iron to the form of tho frames in way of the plate. He 
then passes tjie plate between the rollers, as shown 
in 102, at first with the top roller only slightly 
depressed. The plate is then rolled backwards and 
forwards, while the top roller is being gradually 
moved downwards, thus bending the plate. When 
tho operator judges that the right form may hav< 
been arrived at the plate is withdrawn and the 
curvature cheeked by means of the bent iron 
mould. If it is not found .sufficient, tho process 
is repeated until tho proper form ban been ob- 
tained. 


In t tho case of tho bilge plates amidships the form 
is cylindrical, and the one mould is sufficient. 
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Nearer the ends tho curvature of the plate may not 
he exactly the same at all frames, and it is necessary 
to make more moulds ; in some instances one may 
be required at each frame. The lines of curvature 
may at such places not be parallel to tho edge of 
the plate, but may run more or less diagonally 
across it. An experienced plater will, however, 
always be able to judge by a mere inspection 
of the frames in which direction the curvature is 
greatest, and the moulds of the frames will be suffi- 
cient. guide to him in giving the plate jts proper 
form. When the curvature at the one end of a 
plate is to he greater than that of the other end, 
the corresponding end of the top roll [102] is 
lowered more than the other one. In this way the 
plate may he given a conical form, and, strictly 
speaking, tin's is the only variation in tho form 
it is possible, to effect, by the rollers shown. In 
oilier words, when the curvature is iixed at the two 
ends it will be fixed throughout, the length of the 
plate. 


Rolling of Plates with Double Curva* 
ture. In practice it is, however, possible to vary 
the curvature within certain limits. If a greater 
curvature is desired at a certain part of the plate 
the. operator j >laees a thin piece of wood at this 
point, as the plate passes through the rollers. The 
effect of this is that the plate is depressed relatively 
more at this place than elsewhere, or the curvature 
is increased. By gradually increasing the thickness 
of the wood it is nearly always possible to give 
the plates the required form without heating them. 
If the lines of curvature are not parallel to the edges 
of t lie plafe, if. is necessary only to pass the plate 
diagonally between I lie rollers, or in the direction 
in which the operator judges the curvature to he 
greatest. Here, as in previous cases, it is, of course, 
necessary to check the curvature at the frame lines 
by the corresponding moulds during the progress 
of the. rolling. It is usual to speak of the individual 
shell plates as being in some eases twisted. Mathe- 
matically, many plates may be twisted, but it 
only to such a small extent that it is in practice not 
necessary to provide means for the twisting of tie* 
plate prior to its being placed in position. What is 
usually spoken of as the twist of a plate is the shape 
it assumes when bent, diagonally, so that the four 
comer points are not. in the same plane. The extent 
to which one of the corner points deviates from the 
plane of the three other points is spoken of as th<* 
amount of twist in the plat". 

In rolling plates it. is particularly necessary to 
see that the curvature is carried right to the edges 
of the plate, so that the edge laps tit close together 
for their entire w idth. Where the plat© is curved 
both transversely and longitudinally, the curvature 
iu the one direction is, as already explained, small. 
In such eases the plate is first bent, in the transverse 


direction, and the curvature given to it is some- 
what iu excess of that actually required, as the 
subsequent manipulation tends to reduce it. 
The plate is then passed lengthwise through the 

rollers, as shown in 103. To pre- 

0 vent the transverse curvature 

* ' ' \ from disappearing in this pro- 

Vi J cess, pieces of wood may be 

103 placed, as shqwn, under the 

edges and along the midtile of 
the plate while the rolling takes place. 


Buttfe of Plates. In cases where the joints of 


the plates are not effected by means of overlaps con- 
siderable care is necessary, in order that tho thorough 
watertight ness may be" ensured. The plates are 
hero simply butted against each other, as shown 



in 104, the efficiency of the joint depending entirely 
on the exactness of the fit, as the strap on the 
inside is not caulked. When the 
template is being prepared for a “ 
butted plate great care must bo 
taken to cut the end of the template 
in such a manner that it fits hard 
over its entire width against the 
plate already in position. The 
holes for the butt rivets are in 
these instances marked off at both ends of the 
plate by chalk lines, according to specification, 
tho butt straps themselves being fitted later 
by the use of small, separate templates. "The 
cuds of butted plates are always planed. When 
the plate is curved, the butt, in most cases, will not 
bo perfectly straight, and special care is needed 
to see that the template fits to the plate at every 
point, when the former is bent to the curvature 
of the frames. The line of the butt is then drawn 
on the plate according to the curve of the end of 
the template, and not to a straight chalk line, 
and exact permanent marks are made on the 
plate for the guidance of the planer in producing 
the curved edge. These marks are made by a 
centre punch, a necessary tool which all platers 
carry in their pocket in addition to a piece of 
chalk. It consists simply of a small piece 
of hard steel with a strong but fine point. By 
placing it on a pinto and giving it a smart tap 
by a hammer, a fine, clear, conically- shaped 
mark, which cannot he defaced, is made on tho 
surface. 



Moulds for Garboard Strakes and 
End Plates. Practically all the plates of the 
outside shell, inner bottom, decks and beam 
stringers can he dealt with* as described previously. 
The inner bottom and the stringers and part 
of the deck plating arc, as already mentioned, 
usually fitted before the shell plating is in 
position, and the procedure is the same in both 
instances ; hut the work is much easier in the 
former cases, owing to the flatness of the sur- 
faces and the straight ness of the edges of the 
strakes. In a few instances it may he necessary 
to apply heat to the shell plates in order that 
t hey may he given their proper form. This 
applies principally to the garboard strakes or the 
shell plates adjoining a bar keel, and to the 
very end plates which are attached to the stem 
ol sternpost. Where bar keels are adopted the 
garboard strakes are flanged, as shown by 105. 

to form an attachment. This opera- 
tion can he carried out on the cold 
plate in an ordinary flanging ma- 
chine for the greater part of the 
105 midship length of the vessel. Nearer 
the ends, where the plates them- 
selves are curved, it is necessary to heat them, 
and the preparing of such plates is, therefore, a 
somewhat difficult task. In the first instance a. 
kind of rigid template is made of thin iron bars 
welded together. It is, however, not intended so 
much for producing the outline of the edges of the 
plate as for giving the exact form to which it is 
to be shaped. The template must, therefore, he 
quite rigid, and a bar is bent to the form of each 
frame, and the ends welded to a rim representing 
the outside edges of the plate, as shown by 108, 
Other bars may he welded across these to give the 
mould additional rigidity, and the plate ' is then 
taken to the bending slabs, outside the plate-heating 
furnace. A rough replica is here made of its form 
in the shape of a bed prepared by iron blocks and 
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logs of wood, more or less protected by iron or steel 
pieces of plate. 

Plates Requiring to be Heated. While 
this bed is being prepared the plate which it 
is intended for is being heated in the furnace. 
When it is at a bright red heat it is withdrawn, and 
as quickly as possible laid on thejbed and allowed 
to settle down to its shape by ’its own weight, 
assisted by blows from large wooden mallets 
that will not leave marks in the softened metal. 
The aim is to get the shape correct cm the whole 
vrtiilc the plate is very hot. The smaller adjust- 
ments necessary to make it follow' the iron bar 
mould exactly can more conveniently he made 
while the plate is cooling, when ordinary heavy 
sledge hammers can be used. Tint mould is re- 
peatedly applied during the shaping process to 
enable the operators to check their work. If it 
should be impossible to complete it before the 
plate gets cool, it is again heated somewhat in the 
furnace, but care must, of course, he taken to see 
that it does not get so hot that it loses the shape 
it has already acquired. Where very marked 
local deformations are necessary, it maybe desirable 
to heat the plate 
at such places in 
an open tire; but 
local heating is, 
as far as possible, 
to he avoided, 
as it tends to set 
up stresses in 
the plate, besides 
making it brit- 
tle. When the exact form of the plate has been 
obtained the necessary rivet holes must be 
marked oil it as well as the outlines of its edges. 
This may be done in the usual way by a template, 
which is fixed oil the frames at the ship. 

Where there is a knuckle or sharp bend, as in 
the plate shown in 106, it is necessary to use thin 
pieces of tin to form a hinge where the two parts 
of the template are united at the knuckle. The. 
work of marking the holes and transferring them to 
the plate is otherwise as for all ordinary plates. 
Tho plate itself is sometimes taken to the ship 
and fixed in position, and the rivet holes and edges 
marked direct without the use of a template. 
Better work can usually be obtained in this way 
than by the former method, but the moving and 
fixing u]> of the heavy plate is, of course, somewhat 
more troublesome than the manipulation of the 
light and handy template. 

Fitting of Liners and Straps. While 
the main items of the ship’s structure are being 
prepared and fitted in place a great number 
of smaller ones have to be dealt with. In the 
first instance, as soon as the inside strokes of the 
shell plating are fitted in position, it is necessary 
to have the lining pieces, already referred to, pre- 
pared. They are only strips of iron of the width 
of the frame shell flange and of the same thickness 
as the inside strakes between which they are fitted, 
if the thickness of these plates differs much it is 
necessary to taper the liners, or yacking pieces, as 
they are also termed, in order that their thickness 
may agree at both ends with tho plates they abut 
against. Tin? work of fitting these liners is very 
simple, and is usually left to apprentices or old 
men. Small templates may be used, which arc 
placed in position, and on w r hich the exact lengths 
as well as the position of the rivet holeft are marked 
before being transferred to the rolled iron strips. 
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When the butte of tho plating are lapped, as is 
now usually Ihe case, tho end attachment is 
arranged complete for riveting by tho fitting of the 
Adjoining plates themselves ; but when the plates 
are butted against each other it is necessary to 

f ) re pare and lit butt straps. This is, as a rule, done 
>y another set of men, who can proceed with the 
work while the plating proper is being titled. 
The work is of a similar nature to the preparation 
of liners, except that it is more important-, and 
greater accuracy is necessary to ensure an efficient, 
strong and watertight attachment. Tho straps 
are eonsidered as small plates, and as such, ordered 
separately. Templates arc again used to deter- 
mine their exact size and form and the position 
of the rivet holes. When nil the plates and angles 
of part of the structure have been Jilted in position 
and securely screwed up with bolts inserted in tho 
rivet boles, so that the surfaces of the adjoining 
parts fit closely to each other, then the process 
of riveting may be begun. 

Shapes of Rivets. The rllieieney of the 
entire structure depends very largely on the 
quality of the riveting. When anything does go 
wrong in a ship at sea, as when a leak occurs, or 
when the structure strains, it is nearly always the 
rivets or riveting that is at fault. Everything 
possible ought, therefore, to be done to ensure 
absolutely sound work in the connecting up of all 
the individual parts of the structure. The 
primary necessity for good riveting is fair holes — 
that is, the holes of each indi\ ideal item must corre- 
spond exactly with those of the adjoining part. 
The next- point, is to see that those parts are well 
screwed up, so that the faying surfaces are lit ting 
tpiitc close together. The shapes of the ordinary 
rivets used in shipbuilding are illustrated by 107 
to 113. Figure 107 shows ,i rivet with the so-called 
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pan head. It is used almost everywhere in the 
structure where hand riveting is adopted. Figure 
108 shows a rivet with a. somi-spherical head, called 
a snap head. It is practically used only where the 
riveting is hydraulic. The rivet shown by 109 has 
a countersunk head, which is necessary where there 
must he no projection beyond the 'iirface of the plate. 

Riveting. The rivets are heated in a small 
portable hearth, which can be worked by a boy. The 
red-hot rivet is inserted in its hole, as shown by 110, 
and a heavy holding-up hammer is pressed against 
its head by a man on the one side of the plates to 
he riveted together, while one, or usually two men, 
hammer down the point on the other side. The 
length of the rivet ought to be such that the pro- 
jecting amount of material is just enough to form 
the point- head. In the case of the rivet, shown in 
110, it should be enough to fill the countersink 
and project just a little beyond the surface of the 
plate. If there is too much material, part of 
it is rapidly removed by a chisel, and the point-head 
is formed of the remainder. The hammers used in 
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riveting are moderately heavy ones, with long heads 
and somewhat flexible handles, and the blows of 
the two men ought to bo delivered quickly and in 
the proper direction, so that the material of the 
rivet may be driven into every little space of the 
bole, and thereby ensure perfect watertight ness. 
Figure 111 shows a rivet hammered up in the outside 
plating, either in butts, edges, or frames. Figure 112 
shows a rivet used where the plates are not counter- 
sunk. The point is here simply formed of material 
hammered down until it assumes a conical shape, 
projecting a little; over the plate. The form of 
rivet usually adopted where hydraulic power is 
used is illustrated by 113. the semi-spherical 
forms of the head and point being best adapted 
to the dies of the machine, which simply grips the 
rivet in powerful jaws as illustrated by 114, and 
Pi closes it up in a 

x moment by a steady 

% pressure. Hydraulic 

riveting is superior 
to hand riveting, as 
the great pressure 
forces the plates 
themselves together 
RIVETING just at the moment 

1 he rivet is closed up, 
but unfortunately it is impossible to use it in many 
places in a ship. 


T 
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Caulking of Plates and Wood Decks. 

To ensure watertight ness of the joints it is in 
most, eases necessary to caulk them after their 
being riveted. This is a comparatively simple 
piece of work, consisting in bringing the very edge 
of the one plate to bear absolutely hard against 
the joining one at every point. Figure 115 shows 
a section of the overlap of a landing of 
outside plating. A to* *1 like a blunt 
‘ bisel is held as indicated, while it 
receive > ‘-mart, blows from a hammer. 

The result is that a small portion of 
the material at the very edge is slightly 
d spliced and forced against the other 
plate, thus making the joint water- 
tight. When all edges have thus been 
caulked, flic structure is ready for 
painting. It is essential to the proper 
preservation of the steel that it should he efficiently 
covered by paint or cement. The surfaces ought. 
therefore, to he dry and well cleaned before they 
are covered, hi the bottom and in all confined 
spaces cement is, perhaps, the best coating, else- 
where red-lead paint is used as the protective cover- 
ing. While the structure proper is thus nearing its 
completion tho carpenters may bo laying tho wood 
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decks, if such are required. They consist of 
planks, 3 in. to 4 in. in thickness, laid in a fore- 
and-aft direction, and fastened by means of screws 
and nuts, either to a steel deck or to the beams, 
if a steel deck is not fitted. Such wood decks arc 
made watertight, as were the old wooden ships, by 
means of oakum hammered down [116J so that 
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tills the spaces between the planks with a hard 
composition which will swell when it becomes 
moist, and thus secure watertightness. After the 
laying of the decks the joiners take possession of 
the spaces set apart for cabins or for crews, and fit 
them up as suitable living spaces, as in the case of 
buildings on land. The vessel is now completed 
sufficiently to admit of her being launched or 
pul into the water. 

Launching Preparations. It will be 

easily understood that the moving of a huge 
structure, weighing possibly many thousands 
of tons, is an operation not entirely free from 
risks, and great care must he taken if it is to be 
carried out without accidents. If the vessel 
is at all largo the carpenters begin the launch- 
ing preparations at an early moment. In the 
first instance, the ground is securely piled, if 
necessary, at the after end, where the weight 
of the vessel will he passing over it, and whom 
a subsidence at the moment of launching 
might have a disastrous effect. Two rows of 
very securely laid blocks are next placed one 
on each side of the keel blocks, as shown by 117 

They are parallel to the keel, and extend 
under practically the entire length of the 
vessel. On the top of these blocks long lengths 
of heavy timbers are laid, securely bolted together, 
and resting everywhere on the cross-blocks. Two 
wooden sliding rails, called the standing ways, are 
thus formed, the upper surface of which is some 10 
to 50 in. in width, according to the size of the 


short intervals, are laid pairs of wooden wedges, as 
showm by 118, and over these, again, long timbers 
fashioned to fit the hot tom of t he vessel, aga inst which 
they are forced by the driving in of the wedges. This 
is done W'ith only moderate force until all the pre- 
liminary preparations for the launching are com- 
pleted. Powerful rams are then used simultaneously 
at the same points on both sides of the vessel for the 
purpose* of driving in the wedges and pressing the 
timbers above against the vessel with great force. 




vessel. Their slope towards the water is usually 
uniform for the length of the vessel, and is about 
1 in 50. Near the wafer it is often gradually in- 
creased Homewhnt. On these guides the ship is 
allowed to glide into the water by its own weight. 
In order that the huge weight shall not gather any 
more impetus than necessary in its motion, the 
declivity of the ways is made as small as possible, 
ami the surfaces are well greased with tallow' and 
black soap to lessen the friction, and thus make a 
smaller angle of inclination possible. 

The Launch. When the standing ways have 
thus been well greased, the sliding ways are laid on 
tlio top of them. They consist of timbers bolted 
together to the same width as the lower ways, but 
with a guiding piece bolted on the inside, as show n 
»>y 118, which prevents side slipping in the same 
manner as the projeet- 
WftutNG Piece ing part of the tyres on 

J "iWeoG£s railway wheels. These 

SUOM WAVS slidin ’ w are | inked 

Standing ways toget £ er b ' 9hortchnins 

where they abut against 
each other. On the top 
of them, and with very 
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119. SLIDING WAYS AND VERTICAL TIM HERS 

ft is not intended thereby actually to lift the 
structure off its other supports, which could only 
be done in the ease of smaller vessels, but the 
object is to secure a sound support at the ways 
when all others have been removed. At the ends 
of the vessel, where the form is fine, it is necessary 
to erect vertical timbers standing on the horizontal 
ones above the sliding ways, as shown by 119 and 
120. The vertical timbers are held against the ship 
at their head by 
means of chains 
passing under the 
keel of the vessel 
[120| : they an* 

t hereby prevented 
from sliding off* the 
bottom in the wedd- 
ing - up process. 

When this has been 
co m p ! e t e d the 
numerous shores and 
the bilge blocks t hat 
have hitherto. in 
addition to tin* keel 
blocks, supported 120. VERTICAL TIMHKRS AND 
the structure are chain 

carefully removed, 

until the vessel rests only on the keel blocks and 
the launching ways. At the last moment the 
former are also removed. This is done by splitting 
the uppermost ones of the piles, which are for that 
purpose* comparatively small, as shown by 117. 
When the last of these supports has been removed 
the vessel is standing quite free, and is resting 
only on tin* launching ways. 

Methods of Checking Motion of 
Vessel. To prevent the vessel from moving 
until the intended moment a. keying arrange- 
ment is provided near the fore end of the vessel, 
as shown by 119. The details of such a holding 
mechanism are shown by 121. Two strong pieces 
of iron, A and B, are securely fastened to the sliding 
and standing ways respectively in such a maimer 
that a third piece of iron, C, called a dagger , can 
be placed between them. As the sliding ways tend 
to move downwards, A will press the dagger against 
11 : but the tilting of C is prevented by a dog-shore, 
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D, from a fixed log of wood, E. When all 
keel blocks have been removed, the dogshores, T), 
on both sides of the vessel are the only obstacles 
preventing motion. At a given signal these are 

knocked down 
l at exactly the 
.J same moment 
on both sides, 
and the vessel 
and the sliding 
ways glide to- 
— get her down 
121. KEYING ARRANGEMENT hlto the water 

with a gradu- 
ally increasing velocity. If they should not move at 
once, hydraulic rams arc applied to the fore end of 
the sliding ways until the motion is started. If 
there is a good width of water to launch into, the 
vessel is allowed to glide out into the water, and 
drop its own anchors until tugs can tow her to the 
berth. If the water, on (he other hand, is narrow, 
it becomes necessary to stop the progress of the 
vessel before she ran hr damaged on the opposite 
bank. This may be done in various ways, the simplest 
of which is perhaps the one whore a number of 
anchors are fixed in the ground on both sides of the 
building berth, and placed in pairs. Two strong 
chains of suitable length are then attached to the 
how of the ship and to the lowest pair of anchors, 
which, again, are connected by chains with the 
higher situated ones. As soon as the vessel is in the 
water the first pair of anchors come into o]>ern- 
tion, and being dragged slightly, the next pair 
follow, and so on. In this w r ay a vessel can he 
stopped in a given distance without it being done 
suddenly. 

Completion of the Ship. The next 
step towards the completion of the vessel is 
the supplying her with the engines and boilers, 
which have been constructed elsewhere while 
the hull was being built in the shipyard. 
The work of fitting these is carried out by the 
engineers, but the shipbuilder must often remove 
large portions of the structure, particularly at the 
uppermost decks, in order that there may bo 
space enough to admit the bulky complete boilers 
and engines. All these portions arc, therefore, 
left unri voted, being merely fitted together with 
screw bolts for the launching operation. As soon 
as the machinery is all on board the completion 
of the vessel can bo proceeded with. There remains 
numerous little things that have to bo supplied, 
fitted, or put in order before the organism of a 
modern stcimcr is in working order. Masts have to 
be supplied and set up with wire rigging. Anchors 
and chain cables have to be provided with windlass, 
cranes, and hawse pipes for working them. Derricks 
and winches have to be fitted for the handling 
of cargo ; mooring bollards must be fixed to the 
deck to enable hawsers to be made fast when the 
vessel is in harbour. The steering gear must be put 
in order. There arc usually two steering arrange- 
ments — one aft, which works by means of a screw 
directly on the rudder head; and another at the 
bridge-house, which is worked by steam power, and 
connected with the rudder aft by means of chains 
and iron rods. Ventilators are arranged to bring 
fresh air down to the passengers and cargo below 
the deck. Numerous pumps have to bo fitted, some 
with pipes leading to all the many compartments 
of the vessel. In nearly all steamers there is now 
a complete installation of electric light. If the 
vessel is intended for passenger service there is, of 
course, a complete hotel outfit necessary, but that 


comes more under the joiners’ and upholsterers’ 
business than under that of the naval aiohitsct. 

Beauty in a Ship. In the creation of 
a ship’s structure questions of appearance ought 
not to be entirely neglected, nor should the aesthetic 
requirements be considered satisfied by the illogical 
fitting of a certain quantity of so-called ornaments 
which have no organic connection with the structure 
proper. Ships are first and foremost utilitarian in 
their object, and if they are constructed with a 
view to being ns efficient as possible in the fulfil- 
ment of their duties, they will in virtue thereof 
possess a considerable amount of structural beauty. 
The fundamental aesthetic principle in ship con- 
struction should, therefore, as in the ease of other 
engineering structures, he the creation of direct 
evidence of their intended purpose. A ship must 
float so that a minimum of water from breaking 
waves is taken on board ; she must be stable, strong, 
and speedy; and all these qualities should be 
apparent to the viewer. From the fact that she 
is movable a ship possesses much more of the 
organic character than do land structures. The 
fair, curved outlines, beautiful in themselves, 
should not be recklessly broken, but the details 
of the structure ought to be made as far as prac- 
ticable subservient to the preserving of the con- 
tinuous character of the hull. This is particularly 
desirable in sailing sessels, where the curve of the 
sheer of the deck corresponds harmoniously to the 
outlines of the sails. 

Points to Consider in Design. Tn steamers 
the conditions are somewhat different, and the fitting 
of breaks —such as the wells bet ween poops, bridges, 
and forecastles — may add to the gracefulness of the 
appearance, as may also the proper arrangement 
of deck houses, funnels, masts, and other prominent 
features on the deck. Each of these items may be 
uninteresting in itself, but their combined effect may 
bo pleasing. The overhanging bow r or cut-water 
is justifiable only when the deck or rail line is con- 
tinuous, as in sailing vessels, where it implies an 
organic stretching forward of the structure, which 
should exclude the possibility of any abrupt dis- 
continuities. 

In the arranging of the material of the hull it 
is always desirable to make the construction 
directly apparent. Overlapped butts and edges 
are, therefore, for aesthetic reasons, preferable to 
flush ones, and when the rivets are above water, 
good full heads will everywhere look better than 
the flat, countersunk heads which cannot be seen. 
The bold projections give a character more be- 
coming to the surface of a large ship than the 
smooth and sleek paint alone can do. The fitting 
of iron mouldings is equally objectionable in large 
steamers, both from the point of view of efficiency 
and appearance. They are in either case too 
trivial to be of any consequence. All through the 
construction of a ship the rule holds good that if 
a really strong and efficient vessel is built it will 
also be a structurally beautiful vessel. 

When a ship is complete the trial trip takes place; 
but before describing this it is desirable to explain 
briefly the Deration of designing a ship. It was 
assumed at the beginning of the description 
of the actual yard operations that the ship was 
ready on paper or in the thoughts of her prospective 
builder and owner, so that Her construction could 
be proceeded with at once. It is now proposed to 
deal briefly with the operations necessary to create 
this, in one sense, imaginary ship, but, at the same 
time, one that is absolutely essential to the successful 
making of the real one. 
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•“THERE are several forms of competition — 
* economic growths of the last few decades — whit* h 
the present-day retailer has to face. One is the co- 
operative society, which, from the retailer’s point 
of view, lias grown to such alarming dimensions in 
the North of England, and another is the largo city 
stores. How to combat these forms of competition 
is a problem the solution of which has been keenly 
sought but has never been satisfactorily given. We 
cannot profess to say anything new on the subject, 
but we can at least express what those who have 
tried to fight such competition have done. 

Fighting Co-operative Stores. VVc have 
known flourishing businesses inaugurated cheek by 
jowl with large eo-operative stores. The pro- 
prietors of these successful private ventures have 
been men of strong personality and individuality, 
who have missed no chance of turning the methods 
of co-operation against its shops. The business 
done in most co-operative society shops is, at 
eertafn hours of the day, very large, and cus- 
tomers have frequently to wait a very long time 
before leaving with their wants satisfied. We have 
known this turned to advantage. A notice, 
“ No waiting here. Immediate attention,” has 
frequently proved an inducement which brought 
streams of shillings to the till during the hours of 
congestion next door. This, however, was merely 
causing some crumbs to fall from the co-operative 
table, and the crumbs have a way of ceasing to fall 
when the next great extension of premises takes place 
in the co-operative store. The inducement of co- 
operation to the ordinary co-operative members is 
that it forces them to thrift. They pay high prices 
for purchases, and receive back the overcharges in 
money or its equivalent at stated times. Some- 
times the system of giving bonuses periodically in 
the same way has served the private trader well. In 
such a practice the bonus must be larger than that 
given by tho store, and it should l>e given just 
a little before each distribution by the store, also the 
announcement regarding it should Ixs prominent ; 
otherwise, cheap gales and enterprising advertising 
are the only methods of inducing custom away 
from co-operative stores. But the tight is unequal. 
The private trader has ranged against him weapons 
such as he canfiot command, for the principle of 
association into eo-operution is strong, and has 
become stronger with the growth of trade unionism. 
The body of co-o| orators is nearly entirely drawn 
from the working classes, and many arguments that 
might be used with some success if put before 
middle-class consumers are vain when urged before 
worshippers at the shrine of “ our own shop.” 

Department Store Competition. To 
fight the department storo is almost as difficult 
as it is to combat co-operation. Tho beat weapons 
are a fresh* and varied stock, promptness in delivery, 
and punctuality in attention to details. Some goods 
should be sold at lower prices than the large stores, 
and care should be taken to announce the fact. 

The largeness of turnover both of the co-oper- 
ative and of department stores enables them to buy 
exceedingly well. Sometimes the retail trade can, 
by association, do as well in buying. And inasmuch 


as united action is always stronger than individual 
action, the retailer should always bo an active 
member of the local trade association if there be one. 

The Retailer with Ambitions. The 

unique series of articles which have appeared in this 
course under the heading Cyclopiedia of Shop- 
keeping has approuched the subject from the point 
of view of the small retailer, and has taken for a 
basis the minimum capital upon which venture may 
be made into the respective lields of retailing enter- 
prise with probability of success. Some small sliop- 
kccj>ers are content with their position. So lon^ as 
his business returns to him a profit sufficient to defray 
the expenses of a moderately comfortable domestic 
establishment, and to rear and educate his family 
fairly well, t lie average retail shopkeeper eats 
the bread of thankfulness and, when Ins appointed 
time comes, dies in tho assurance or hope that the 
goodwill of his shop will suffico to provide the means 
of living to those whom he leaves behind. But 
others of the great body of retailers aspire to some- 
thing bigger than the small or medium retail shop 
can offer. It is not a mere hunger for wealth ; 
it is quite as much tho legitimate ambition for 
a wider scope for energy, the desire to organise 
and control a bigger enterprise than that contained 
within the walls of a double-fronted double -countered 
shop. For the man or firm who seeks to spread 
there are many avenues towards both the upward 
path of success and the chasm of failure. It 
is foolhardy to attempt any commercial enter- 
prise without capital adequate to the occasion, and. 
the folly is increased as jiersonal knowledge of the 
business attempted is deficient. To lx>rrow capital 
or any large portion of it in the hope of being able 
to do a larger business, and thus repay it, is a device 
fraught with great danger. It is always the 
letter plan to develop as capital increases by 
profits being left in the business instead of being 
withdrawn for personal or other expenses. 

How the Retail Business Grows. The 
most natural growth, and the most frequent, is that 
a retail concern engaged in a single branch merely 
grows larger until it has reached the limit that the 
district in which it is situated can support. Such 
a growth is the safest. It depends not at all upon 
any violent departure from the even tenor of routine. 
The net profit of the concern may be, say, £000, half 
of which is taken out by the proprietor, and the other 
half goes into increased stock, or is used to make 
better terms in buying, either by purchasing in 
increased quantities, or by paying more promptly 
for ordinary purchases, thereby increasing still more 
the surplus profit in succeeding years. Then the 
opportunity of renting or purchasing the adjoining 
premises comes, the stock is spread out to fill 
both shops, and, with little expense, the proprietor 
makes double the show ho formerly did, and may 
do double the trade. 

But besides the natural growth which we have 
outlined, and which has its distinct limits, there are 
four channels by which much greater success may 
be achieved. There is first the multiple-department 
shop. The draper takes up house-furnishing as a 
side line, the ironmonger adds a cycle department, 
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the oliemist makes photographic apparatus a 
social department, and so on. Thus the Whiteleys 
and Shoolbmls have been built from modest be- 
ginnings. Department has succeeded department, 
each being placed under separate expert management 
as it became important enough to warrant such 
treatment, and our mammoth departmental stores 
have emerged from the process. 

The Multiple Shop. But the depart- 
mental store has its limitations. It is a commercial 
possibility only in the large towns and cities where 
the consuming public constitute a sufficiently 
numerous body to support it. This fact has given 
rise to a new phase of commercial development — to 
wit, the multiple shop, of which Tipton's is the 
most prominent example. The multiple shop com- 
pany offers far keener competition to the small 
retailer than docs the big department store. Tho 
consumer has to go to the store. It may be central, 
but it cannot be at the door of everybody, while the 
branch of the multiple shop comes and opens at the 
street corner, not seeking to enlarge itself into a 
huge concern, but content with the trade which the 
immediate neighbourhood affords. The small 
shopkeeper is now between the upper millstones of 
the departmental and professional stores and tho 
nether millstones of the multiple shop and branch 
co-operative stores. His ultimate fate is uncertain. 
Perhaps his last refuge will bo found in seeking 
employment under a multiple shop company or with 
co-operation. The day of extinction is not. yet 
awhile, but the clock of economic evolution seems 
to be moving towards it. The small shopkeejxT 
has a harder fight than ever before to preserve 
“even that which he hath,” and his safety as an 
independent unit in the army of distributors is not 
to attempt to stem the economic tide which is 
flowing in to achieve his undoing but to go with 
that tide and come out on its crest no longer a 
Bmall shopkeeper but the owner or director of a 
multiple shop company, or of a large departmental 
store. Every small retailer cannot realise this 
dream. Essentially, the battle is to the strong 
anci the race to the swift. The field is favourable 
for the development of department stores, and 
especially of multiple shops. The most brilliant 
commercial geniuses will rise to ownership of these, 
but more and more will it be necessary for the small 
retailer to enlist in the service and follow tho 
banner of one or other of these leaders. Our ulti- 
mate fate, according to the Fabian Society orators, 
is that even the agents of distribution will be sucked 
up by the swelling tide of Socialism, and that 
everyone in the commercial and producing com- 
munities will perforce become servants of the 
State. The latter prospect need not yet disturb 
our equanimity. Its realisation is still clouded by 
a dim mist of unrealised dreams. 

Wo must accept tho situation that the multiple 
shop is a formidable antagonist to most private 
retail traders and the opportunity of the remain- 
ing minority. There remain two classes of 
enterprise to which retailers, to whom expansion is 
the breath of life, may direct their attention and 
energies. 

The Retailer Who Becomes a Whole- 
saler. Retailers grow into wholesalers. The transi- 
tion is easy and natural under certain circumstances, 
and is most often witnessed in the provinces. Most 
of the wholesale houses in provincial centres to-day 
have had their inception in a small retail business, 
The district probably contained or was in proximity 
to ft fair number of smaller retail shops whose owners 
had to purchase in small quantities. The “ whole- 
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sale '' department, originally probably a courtesy 
title rather than a correct designation, grew until 
it oulsizcd its retail parent. Its value at first was 
not so much direct profit from its operations, but 
that it permitted purchases for the retail depart- 
ment upon a larger scale and at keener prices. When 
it grew a hit it became an object in itself. Commer- 
cial travellers were engaged, and finally tho pro- 
prietor kicked away the ladder by which ho had 
climbed, casting off the retail branch and raising 
himself into the supposedly higher social standing 
of a “ wholesale merchant.” Such is the history in 
outline of most of our large provincial wholesale 
firms of the present day. 

Developing into a Manufacturer. 

Lastly, there passes into the field of our scrutiny 
the retailer who turns manufacturer. In many de- 
partments of commerce the opportunities for such 
expansion were more favourable than they are 
to-day, when large establishments and expensive 
machinery plants are necessary to production upon 
a sufficiently economical scale to offer combat in 
these days of excessive competition, when every 
consumer is looking for the biggest pennyworth his 
bronze coin can purchase. The most prominent one- 
time retailers who have risen to he large manu- 
facturers arc the immense biscuit-making firms in 
Reading and elsewhere. A retail baker is of 
course a manufacturer in a small way, hut the 
difference between the baker who makes bread for 
household delivery and the companies with acres 
of factory space who send biscuits to the furthest 
corners of the seven seas represents a rapidly 
progressive history of development from the village 
retail shop to present eminence. The proprietors 
of Sunlight Soap arc also instances of similar 
enterprise even more rapid in the attainment of 
success and even more prominent in tho industrial 
world. Many other parallel cases might be cited, 
but. these will suffice. 

How Expansion Comes. Of the various 
methods of expansion which we have reviewed, 
some are natural and obvious, while others involve 
departure from established practice. Thus diversion 
into the field of wholesale trading is natural. It 
often comes unsought, and thus the retailer has 
thrust upon him a new department of which he 
may not at first appreciate tho possibilities. Manu- 
facturing is often in the same category. A small 
furniture repairing department or a small one- 
man tinsmith’s shop may bo the germ from which 
will spring a well-equipped factory with ramifica- 
tions covering continents. But the remaining two 
methods which havo fallen under our considera- 
tion do not usually come in the same natural 
fashion. The draper who decides to cater for the 
house furnishing requirements of his customers 
takes a decided step in a new direction fully aware 
of what he is doing, and may have laid the founda- 
tion of a department store. Similarly, the man 
who opens a branch shop takos a radical step in a 
new direction. The first branch shop pays its 
way in a few months, and he opens a second, 
taking care to select a locality where there is pros- 
jieet of immediate profitable returns. Increase in 
the number of his shops means no more work for 
him personally. We have heard retailers many 
times criticise what they called the folly of branch 
shops, and have frequently hoard the objection: 

No man can look after all these shops properly; 

I know that I have my hands full with one.” 
Objectors of this sort are correct. They do find 
all their time occupied in looking after one shoe, 
and the multiple shop is not for them. Tho only 
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man who can make a success of the multiple shop 
or the department store must be the man of system. 
Ho must know how to devolve the conduct of cer- 
tain of his affairs and of all the details t-o others. He 
must be a judge of men, capable of choosing men 
qualified to fulfil satisfactorily the duties he may 
place upon their shoulders. Many good business 
men remain small traders because, thinking that 
no one can do certain tasks nearly so well as them- 
selves, they want to do everything with their own 
hands. They fail to appreciate the value of their 
own time, of their own services in direction. Per- 
formance is for subordinates, commanding is for 
officers, and while an officer should know how to 
perform, he should know when to refrain from 
jjorformance. Men who cannot rise above the ranks 
of the performer-, will never rise in the army of 
shopkeejiers above the rank of petty officers. 
Generalships are for those who can take a wido 
view of the field, and not for those who insist upon 
limbering the horses with their own hands. 

Cash and Credit Trade. There is this 
attraction about the large department store and 
the multiple shop system of trading— that, unless 
in exceptional cases, business is done on a strictly 
cash basis. There is no capital locked up in 
ledger debts — goods sold and not paid for at the 
time. The man who does a large trade upon a 
credit basis must have a much larger capital than 
he whp adheres to the practice of selling for cash 
only. He must, indeed, have double the capital 
engaged. His working expenses are on a higher 
scale because interest on capital, expenses in book- 
keeping, and loss by bad debts are for him items 
of expenses from which the cash trader is free. 
Consequently he cannot sell so cheaply as his cash 
competitor, or if ho should elect to sell as cheaply, 
ho cannot make an adequate profit. The weapon of 
price cutting is a powerful one as an inducement to 
attract custom, but it cannot bo wielded with equal 
effect by the credit shopkeeper as by tho cash 
retailer. For those reasons the shopkeeper who 
wishes to make the most of moderate capital should 
lean towards the multiple shop or department 
store. 

Account Rendering. The shopkeeper who 
sells upon credit must see to it that his losses by bad 
debts are near zero. Kvory shopkeeper has the desire 
to attain immunity from loss from bad debts, but 
many neglect elementary precautions that would, if 
employed, reduce such loss materially. Accounts are 
rendered to customers periodically, the length of 
eredit being governed by the class of trade, the 
customers, and the district. Weekly accounts are 
desirable, and are frequent in trades that supply 
comestibles. In other trades, monthly and quarterly 
accounts are the rule, while in a few cases half- 
yearly and yearly statements are sent out. These 
last are far too long, and are happily becoming less 
common than formerly. 

Whatever length of credit is given, the accounts 
should bo rendered promptly, it is often a case of 
“ first come first served.’’ Accounts should not bo 
allowed to remain unpaid without notification to the 
debtor being sent. If the account, he a three-months’ 
account, the statement should, if no payment has 
been made, be rendered again in one month. If this 
has not Hie desired result, two woeks later yet another 
statement should be sent, accompanied by a polite 
yet firm intimation that payment is desired forth- 
with. Failing compliance, the debtor should receive 
in another week a demand a little more peremptory 
in tone, and, later still, a definite threat that unless 
payment be made within, say, three days, legal 


proceedings will be taken to recover the debt. 
These requests for payment should be made in an 
ascending scale of severity. An excellent system 
employs a counterfoil book, having detachable 
notices, which are affixed to the account one after 
another, as the application is renewed. The first 
application after rendering carries an affixed label, 
which reads : “ Fearing that this account may have 
escaped your notice, I (or, we) beg to call your 
attention to it.” Subsequent applications would 
road : “ Third Application. Kindly let ino (or us) 
have settlement of enclosed account without delay.” 

" Fourth Application. This account is much over- 
due, and I (or we) must insist upon settlement 
immediately,” and : “ Fifth Application. Unless 
this account is paid within three days, legal measures 
will bo taken to ensure payment.” No debtor who 
has received these successive intimations can com- 
plain of harshness, and anything that may befall 
him later is his own fault. This system is much better 
than the frequent practice of letting things drift, 
and when the account is very old, sending in a 
peremptory notice or a legal summons without 
previous requests. 

The shopkeeper, or a responsible servant, should 
examine the ledger at frequent intervals — say, 
weekly — to see what accounts arc outstanding, and 
if action should he taken regarding any of them. No 
part of the shopkeeping business is more important 
than this, or demands more careful personal atten- 
tion. Special precautions are necessary when busi- 
ness is done under the hire-purchase system, and 
these were considered on page 704. 

Debt Collecting. Assuming that repented 
applications for payment of a debt have been ig- 
nored, there remains for the shopkeeper legal pro- 
ceedings against the debtor. Some men are so 
averse from instituting such proceedings that they 
would rather lose the money owed. This attitude is 
wrong, and if made a practice, puts a premium on 
commercial fraud. There are circumstances — such 
as the misfortune of the debtor — which may cause 
the creditor to exercise generosity, but when debts 
have been incurred without a sense of their respon- 
sibility, or with the direct intention to evade pay- 
ment, or when the debtor can pay if he will, the 
policy should be one of no quarter. 

If there arc many accounts to collect, for which the 
aid of the law courts has to he evoked, it may lx*, 
wise to keep a special clerk, familiar with tho routine 
of the court, or it may prove economical to make 
this work within the province of an ordinary clerk. 

A little experience will make a clerk familiar with 
the procedure. But, usually, tho number of accounts 
docs not warrant this. There are many societies 
that do the work, and a peremptory demand from 
such a society will often bring payment, as it shows 
that the creditor is in earnest. Membership in such 
a society costs an annual subscription, which varies 
in amount according to tho privileges granted. 
It is usually about one guinea per annum, and a 
commission on the accounts collected is also charged. 
An alternative method is to hand over all such 
debts to a solic itor. Tho procedure regarding action 
in the County and High Courts, and tho course to bo 
followed in the event of judgment, is too complex to 
describe in detail, and as they are seldom followed, 
except through tho agency of men familiar with 
them, we shall not describe them hero. 

Commission to Employes. One of the 
secrets of most successful businesses where there 
are many servants in charge of branches or depart- 
ments is the system of rewarding responsible 
servants according to results. A manager of a, 
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branch shop receives a salary which varies with 
the trade — say, 30s. to 40s. a week for a branch 
oil-shop and 40s. to 00s. a week for a branch 
drug-shop — and a commission. There are many 
ways of estimating the commission. It may be 
reckoned upon turnover, upon net profits, or 
upon individual sales of certain remunerative 
articles. The precise method adopted must be 
decided by the particular conditions of the case 
under consideration ; but the last-mentioned method 
--that of giving commission upon the sale of certain 
remunerative articles — is becoming more common, 
and has fewer objections from every point of view 
than any of the others. 

Restrictive Agreements. The employer 
frequently binds his managers, assistants, and 
travellers by the terms of their employment that 
they shall not, within a specified number of years 
after leaving their service, open shop within a com- 
peting area. There is a good deal to be said both 
for and against this practice. It is liable to abuse, 
and its abuse is to he condemned, for the employer 
is within his right in bargaining that any special 
information gained and personal connection made 
by a. servant when engaged on his behalf shall not 
at a future time be turned into a weapon of oppo- 
sition. The law courts regard with suspicion any 
restrictive agreement of this nature, and if it be too 
restrictive in its terms it may not be uphold in 
the courts. Wise employers wishing to protect their 
legitimate interests, therefore, will not make such 
agreements too wide in their application nor too 
restrictive in their conditions. Thus they will be 
more likely to have them upheld in the regrettable 
event of recourse to law being necessary. It remains 
to be said that the Shop Assistants’ Association are 
combating with all the energy they can pul into the 
light restrictive agreements whatsoever, and are 
meeting witli a little success in some quarters. In 
the ease of commercial travellers, one has only 
to look at the advertisements in the trade and 
daily Press to discover that almost every employer 
seeks a traveller “ with good connection,” which 
means that they wish a. man who can transfer to 
them some of the trade held by one or other of their 
competitors. 

Treatment of Employes. The question 
of compensation for accident and during illness is 
an important one for all employers, whether retailers, 
wholesalers*, or manufacturers. The Workmen’s 
Compensation Act (1900) applies to retailers and 
wholesalers as well as to manufacturers. 

An “ employer ” under the Act means any person 
who pays any other person to perform some service, 
and a “ workman ” is any manual labourer, whatever 
his earnings; and any other employe earning up to 
£250 per annum. A shop assistant is a manual 
labourer, and every shopkeeper’s assistant would 
come under the provisions of the Act. A casual ” 
worker also comes under the Act if he he engaged 
in assisting the employer in his business. Thus, an 
extra porter taken on at a time of extra pressure 
would be technically a “ workman.” In sub- 
contracted work the workman may recover from the 
principal. The injury for which a servant may 
claim compensation is any disablement which in- 
capacitates him temporarily or permanently from 
following his employment or from earning as much 
as he did before the injury. Any disease arising out 
of an injury — as blood-poisoning from a cut finger — 
constitutes a claim for compensation. If t'he injury 
does not incapacitate the workman for more than 
one week, no compensation is due, and if it incapaci- 
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tates for more than one week, no claim for the first 
week can be sustained. If the accident arise from 
wilful misconduct on the part of the workman, no 
claim can be made on account of temporary disable- 
ment, but only in the case of death or serious and 
permanent disablement. The amount that may 
be claimed for non-fatal accidents is one-half of the 
average weekly earnings, but not more than 20s. 
per week. Thus, an assistant earning 40s. per week 
could claim 20s. per week during disablement, but 
an assistant earning 50s. or 90s. per week could not 
claim more than 2()s. When the injury is perma- 
nent, the employer must pay half-wages, as stated, 
for six months, and then, failing an amicable settle- 
ment, the servant may claim a sum which, invested 
in a (government annuity, would yield three-fourths 
of the weekly wage liefore disablement. When death 
results from the injury, “ depend ants ” upon the 
deceased — including wife, husband, parents, step- 
parents, children, step-children, brothers, half- 
brothers, sisters, and half-sisters — may claim com- 
pensation up to £150 if the full wages before the 
in jury were less than 20s. per week, and up to £300 
if the wages were higher than 20s. If the estate of 
an employer be not sufficient to meet a claim under 
the Act, the disabled workman or the “dependants” 
of a workman fatally injured may take the proceeds 
of the entire estate and conic before the ordinary 
creditors. Take a supposititious ease. Suppose that 
a small trader and his assistant are both killed by 
accident — say, an explosion of gas in the shop — 
and both leave widows and families behind. The wife 
of the assistant lias first claim upon the estate, and 
the wife of the shopkeeper can claim only what is 
left after this and the claims of the trade creditors 
have been satisfied. The law would be exceedingly 
oppressive in some cases were it not possible to insure 
against its risks, and it is extremely imprudent not 
to seek protection by insuring. The premium is 
usually a percentage upon the amount of the total 
wages paid, and varies fur different trades. The 
insurer should be careful to see that he is protected 
against, all claims that may be made against him, 
and his policy should specifically mention that it 
covers claims under Common Law, the Fatal 
Accidents Acts, the Employers’ Liability Act and 
the Workman’s Compensation Act, 1900. It should 
also cover “ third-party ” risks — that is, risks of 
an accident occurring on his premises to the 
servant of another employer. Thus, the workman 
of a painter whom a shopkeeper hud employed 
to do work on his premises might meet with an 
accident and have a claim against the latter, who 
would have recourse against the painter; but, in 
the event of the painter being a man of no substance 
and being uninsured, the shopkeeper would suffer. 
The policy should cover risks of such a nature. 

Sickness of Employes. Liability for 
compensation to employes in case of sickness, 
where the Workmen’s Compensation Act does not 
apply, rest upon common law. Unless there is a 
clause in the agreement to the contrary, or unless the 
cont rary be proved to be the common practice of the 
specific trade, a servant is entitled to wages during 
sickness. Should the employer wish to do so, lie 
may give his servant notice of termination of the 
engagement, but even then he must pay wages 
until the notice takes effect. 

The notice to which an employe is entitled 
when the employer desires to terminate the engage- 
ment is subject, in the absence of specific stipulation 
in the agreement of service, to the custom which 
prevails in the trade. The majority of cases which 
the law courts are called upon to decide in disputes 
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between employers and employed relate to this point 
of notice duo, because in many trades there is 
nothing approaching uniformity of practice in 
giving notice. The frequency of disputes is a strong 
plea for a clear definition of the notice to which a 
servant is entitled in the event of being discharged. 
A frequent and reasonable practice is that porters 
and labouring servants should receive one week’s 
notice, assistants two weeks or one month, and 
travellers one or three months. The rule, what- 
ever it may be, ought to apply both ways — both 
the employer and the employe having the right 
to terminate the service by giving the notice agreed 
upon. The employer is usually considered to have 
the right to part with any servant at once by giving 
him wages up to the time when notice would take 
effect, but an employe cannot leave his employ- 
ment by forfeiting a similar sum of money. The 
reason for this is apparent. The employe’s claim 
for wages being satisfied, be can demand nothing 
more, nut the employer has a claim for service, 
which cannot, unless with his consent, be compen- 
sated by a money payment. 

Precautions Against Dishonesty. It 

js not uncommon to insure employes who have 
the handling of money belonging to the employer 
in an insurance company doing fidelity guarantee ” 
business, so that, in the event of the servant mis- 
appropriating his employer’s money, the latter is 
repaid the amount by the insurance company taking 
the risk. The servants so insured arc generally 
cashiers, collectors, and commercial travellers, it 
is usually the servant who pays the premium, but 
the rule is not universal in its application. The rate 
usually demanded varies from l()s. to 40s. per cent, 
per annum upon the amount of the sum guaranteed. 
The lowest rate (10s.) applies to servants like ordi- 
nary clerks who are not subject to temptations 
which may come from the constant handling of 
money, and the highest rate is demanded for com- 
mercial travellers working only on a commission 
basis. 

Speculative Buying. The wholesaler and 
the large retailer may make money by speculative 
business — that is, buying stock for a rise. A study 
of the markets and of the conditions which govern 
the prices of commodities may enable a shrewd man 
to make far more money than he could do merely 
by buying for his needs as they arise. But under 
the stress of modern competition the advantage 
thus gained is often thrown away— to the public, 
if tho buyer be a retailer, and to the retail trade if 
the buyer be a wholesaler or manufacturer. To sell 
at the old price when the market is up, even if the 
particular article sold may have been well bought 
before the rise, is folly. The buyer has taken tho 
risk of losing by a fall if his judgment has been in 
error, and is fully entitled to the extra profit 
if his foresight has enabled him to anticipate a 
higher market, and to prepare for it. Want of 
recognition of this elementary but important 
business principle causes men to throw away 
recklessly money that they have honestly earned 
by judicious buying, and on other occasions their 
anticipations may not be realised, and they 711 ay 
load up before a market fall, suffering thereby. 
The wise speculations should be used to discount the 
unwise ventures, and not thrown away to customers. 
The desire to do a big trade, and dread lest a com- 
petitor should do some business is usually at the 
bottom of the foolish practice we criticise. Many 
business men would do far better for themselves 
if they paid less heed to what their competitors 
are doing. No man can do all the trade in his 


district. If some one else chooses to do unremune- 
rati vc business, let him do so. 

Branch Shop Systems. The success of 

a branch shop depends upon the system devised for 
its management. The managers of branch shops 
should be picked men, which means that they must 
be men with good wages. They should be given 
an incentive in the form of commission upon business 
done, and where individual sales can be tabulated, 
assistants under branch managers should also 
receive commission in addition to salary. But the 
knowledge that he has good servants in his branch 
shops should not restrain an employer from institu- 
ting a proper system of checks. Opportunity 
often leads to dishonesty, and the employer may 
prevent the opportunity by the introduction of 
some of the system which prevails in the branch 
shops of the best governed houses. 

In small branch shops a chock till should never 
be* absent, and in larger establishments the cashier 
system may be introduced with advantage. It is tho 
practice in some of the large stores and branch 
shops that the assistant who makes tho sale does 
not, handle the money at all but merely hands 
the bill to the customer who pays at the cash 
desk, then returning to the counter for )iis parcel. 
Then the cash, the pay slips, and tho pay slip 
counterfoil retained by the couuLerman should agree 
in their totals at t lit; end of the day. Tho system 
is as nearly perfect as system can be. The only 
means by which it can bo circumvented is collusion 
between the counterman and the customer, or be- 
tween the counterman and the cashier, and human 
ingenuity is unable to devise a system which human 
ingenuity cannot in some manner outwit. 

Periodical inspection, either by the proprietor or 
his deputy, should be fairly frequent in branch 
shops, and stock should bo taken and a balance 
struck as often as can be made convenient, or even 
at some inconvenience. 

Most branch shop trading is for cash, but this 
rule should be elastic to some extent. The manager 
should be invested with discretionary powers, as 
many customers insist upon the convenience of 
accounts, but tho terms of credit should be strictly 
limited in regard to time, and, unless accounts are 
paid by customers when they ought to be, no 
more goods should be supplied until they arc. Tho 
enforcement of this rule may be a little unpleasant, 
and may cause the loss of a few accounts, but it should 
be indexible, as its relaxation may open the door 
to abuse and loss. 

Rules for Employes. The owners of 
company shops usually form rules to which their 
employes are expected to adhero. There is a danger 
of making such rules so sweeping and restricting 
as to be impossible of obedience, and there is also a 
danger of making them so inflexible that tho re- 
sponsible manager is deprived of any power of 
individual action when exceptional cases arise. 
Success is attained by making servants enter- 
prising and desirous of forwarding the interests of 
the owners rather than by compelling them to bo 
mere automatons by following arbitrary regulations. 
The rules, however) should state distinctly the shop 
hours, regulations regarding holidays and sick 
leave, terms of engagement (regarding the notice 
required for its termination, unless this detail is 
provided for in the individual service agreements), 
rules regarding the banking of cash, the render- 
ing of sale returns to head office, the record of 
expenses, stocktaking anu stock orders, window 
dressing (if the business bo retail), and the keep- 
ing of tho necessary books, with the various 
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responsibilities of the different employes or classes them seem to flourish by its assistance. The 
of employes. atmosphere in which, mail order business flourishes 

The Railway Account. No detail of a busi- best is that wherein a cash-on-delivery postal system 

ness is more frequently neglected than the checking prevails. The cash-on-delivery system is almost 

of the accounts of the railway companies for th.i explained by its name. It is simply a system of 

carriage of merchandise. Every item which appears parcel post where the Post Office authorities do not 

on the delivery sheet should Ibe carefully checked hand over the parcel to the addressee until the latter 

in several respects. In the first place, the weight has paid the value of it as declared by the sender, 

of the package or packages should be taken to ensure and after its receipt the amount so received is 

that the company weighers have not over assessed handed to the sender. "Recent attempts by the 

the consignment. Then the railway classification Postmaster-General to introduce this system into 

book [sec page 5076] should be consulted to see that Great Britain met with so strong an opposition 

carriage is charged under the proper class. Then from the retail trado that the measure was dropped, 

tho railway rate book should be consulted to see Re ta ilers were wise in their own interests in resisting 

that the proper rate is debited. Finally, the total the measure, although, viewed generally, the result 

amount, if the consignment is over 3 cwt., should might have been good for tho community. But 

bo figured out, and if under 3 cwt., the table of there is small likelihood that the C.O.D. system of 

smalls should be referred to. We know some parcel post will be introduced in our country within 

traders whoso commercial operations are not extern the next few years. Still, retail traders cannot hold 

sive, but who save a good deal of money annually by back the tide of progress indefinitely, and the day 

systematic checking of railway companies’ charges, is sure to come when the Post Office authorities 

and we have heard a railway official say that if will act the part of cash collectors for parcels handed 

everyone were ns careful in deducting overcharges by them. When that time comes tho cash order 

as some of those who do, the trading com- method of retailing will rise under the fostering arm 

immity would pay a good many thousands of of the G.P.O., and will attain a considerable import- 

. pounds less j>er annum for the transportation ance within a brief period thereafter. Then will 

of goods. The official expressed the belief that be the opportunity for enterprise, and fortunes will 

the undercharges just about balance the overcharges, be made in a few years by men able to take advan- 

but that the traders who, in his long experience, tage of the occasion. 

had pointed out undercharges, could be counted on The drawback to tho mail order business under 
the fingers of one hand. This is a hard saying. present conditions is that the buyer has to send money 

Local Advertising. It has been stated that to unknown people before he gets tho goods. The 

the retailer who does not spend as much money upon majority of the public are reluctant to do so, although 

advertising as he does upon shop rent is a fool. This they would bo quite ready to order goods and to 

is sweeping, but it contains a germ of truth. Tho pay for them at the time of delivery. For these 

retailer can make advertising pay — not perhaps by reasons the mail order business has not in this 

the hackneyed style of announcements with which country attained the importance that it has in 

most local pa|w»rs are filled, but by really smart others. 

advertising that impels attention— brief in its How to Work a Mail Order Business, 
argument, emphatic in its statements, and season- Several conditions are essential to success in work- 
able in its matter. This sort of advertising cannot ing a mail order business. It must be done by 

well be taught. It is a gift which can, however, be newspaper advertisement, and tho advertisements 

developed. Advantage should be taken of local should be terse, eloquent and convincing. Only 

events. For instance, we remember seeing in a pro- an expert advertiser can manage such a business 

vincial paper a clever announcement at the time properly. A careful record should bo made of the 

of the elections for tho local municipal council. orders received through the various advertisements. 

A shopkeeper had a prominent space in which he Two methods are adopted to this end. When you 

asked for the support of the electors, and offered see an advertisement reading “ Apply to Depart - 

" as a solution to the many burning questions ment No. 45,” you may be quite sure that the No. 45 

agitating the community” his large and varied is merely a device to enable tho advertiser to trace 

stock of gas-fittings and incandescent mantles. from which advertising medium the order or inquiry 

Never be afraid of being unique. But there are many has come. Another plan is to vary the address 

other methods of local advertising which are in the advertisement so as to enable the replies to be 

neglected. The hoardings, the walls of railway entered up to the credit of the paper which has 

stations, the sides of street ’buses and tramears induced them. Whatever plan may be adopted a 

ought to carry, instead of the announcements of successful mail order advertiser must know what 

soaps, pills, and cocoas, far more advertisements business every individual advertising medium has 

by local traders, who are much more likely to derive brought him, and he will wisely drop those that show 

benefit from such space than manufacturers. unremunerative returns and increase the space or the 

The trade papers — and there are several appealing frequency of insertions in those that pay. Other than 

to every class of shopkeeping — contain a good deal this, ho must have good long profits on the goods he 

of matter that suggests advertising ideas, and tho advertises. Job lines appeal to him, as he can often 

man who would be right up to date snould subscribe dispose of these at three times cost price. Large profits 

for every trade paper that appeals to his depart- are essential, as newspaper and magazine adver- 

ments. The few shillings per annum that these cost tising is expensive, and this is almost the only 

is well invested monoy, not merely from the adver- channel by which business reaches the mail order 

tising point of view, but also for the general trade man. The business is all cash, and cash before 

information purveyed in every issue. delivery, hence bad debts occasion no loss and book- 

The Mail Order Business. We have not keeping is a trifling expense. The mail order seller 

yet considered another important variety of retailing usually does a large business in a limited number 

— to wit, the mail order business. A few firms make of articles, lienee he can buy largely and secure 
a speciality of this method of retailing, and some of exceptionally good terms. 

Continued 
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By Professor HENRY ROBINSON 


JVAACHINES for raising water havo been known 
IV* for many ages, and the invention of the 
common pump is ascribed to Ctesibicrs, who. was 
the teacher of the celebrated Hero of Alexandria. 

The Common Pump. The action of the 
common pump may be briefly explained as follows. 
A piston traversing a cylindrical barrel (having its 
end immersed in water) is raised, thus producing a 
vacuum between the underside of the pis ton and the 
surface of the water. The atmospheric pressure on 
the external water surface causes the water to rise 
in the barrel to replace the vacuum. This is the 
principle which causes water to rise in pumps. It 
will therefore be noted that atmospheric pressure 
governs tho height to which water can he drawn 
by a vacuum — in other words, the length of the 
suction pipe of a pump. 

The distance of the pump barrel from the sur- 
face of the water (that is, the suction) varies with 
the type of pump employed, but for all practical pur- 
poses it does not exceed 25 ft. The 
delivery, however, may be carried to 
any height. Where the spout of a 
common bucket pump is any con- 
siderable height from the topmost 
position of the piston (as with bore- 
hole pumps) the term “lift -pump’ 1 
is applied. 

The Bucket Pump. The 

simplest from of suction pump may _ 
he described by the “ bucket ” pump t- 
[1], so commonly used by contractors 
for keeping down the water in shal- 
low workings and trenches. From 
the illustration it will bo seen that 
the pump consists of a cylindrical 
barrel traversed by a piston, which is provided with 
a simple flap valve, V, which opens upwards. Tho 
suction end of the pump barrel is reduced in dia- 
meter and forms tho suction pipe. At the beginning 
of tho upward stroke of the piston the valve closes, 
a vacuum being formed as pre- 
viously explained. On the return, 
or downward, stroke, the water 
is forced through tho valve on to 
the upper side of the piston, and 
is lifted by the following upward 
stroke to the discharge outlet. 
This completes tho cycle of oper- 
ations. When starting pumps of 
this description to work, a pail 
, of water is first poured on to the 
*valve, thus closing it, while the 
first few strokes or the piston are 
employod in removing the air in 
the suction pipe to produce tho 
required vacuum. The suction 
of these pumps is capable of being 
extended by specially-made 
lengths which are attached to each 
other, the joint being made with 
putty or clay. The maximum 
4 length, however, of the suction 

*• bucket PUMP seldom exceeds 18 ft. 


2 . FORCE PUMP 

The 
The 



Force Pump. Tn force pumps the barrel 
containing the suction valve is placed below the 
water-level (2). With the upward stroke of the 
piston the water flows through valve V into the 
pump barrel, and the valve closes with tho down- 
ward stroke, which, as the stroke descends, 
places the water under pressure, causing the dis- 
charge valve I) to open. The water contained in 
the barrel is then forced through the valve 1) into 
the rising main R. Tho altitude to which the 
water can be forced depends on the piston pressure 
and the friction to be overcome in the rising main. 
The question of friction in pipes has been dealt with 
in Water Supply [page 4338J. 

Suction and Force Pump. This type of 
pump [31 combines the suction with tho force 
pump. The upward stroke of the plunger P 
produces a vacuum, which opens the suction valve 
and draws water into the pump barrel, the delivery 
valve being closed. The downward stroke closes 
the suction valve, and the pressure 
on the. enclosed water forces it 
through the now open delivery valve 
into the rising main. Tho action of 
this pump is what is termed “ single- 
acting”; that shown in 4 is a 
“double-acting ” pump. It will be 
seen that in 4 , both on the upward 
and downward stroke, suction and 
ejection are simultaneously taking 
-_L_r place. 

The following conditions should be 
specified when ordering a suction 
and force pump for hand power : 

'l’hc barrel to be of gunmetal, with 
cover, gland, and stuffing box. 
rod to be of hard copper, 
piston to be fitted with best oil-dressed 
leathers. 

Valves to be of best gunmetal, with gunmetal 
seatings, and doors to give 
easy access to the valves. 

Tho pump to be fixed 
within 10 ft. of the surface 
of the water on a strong 
staging built into tho sides 
of the w'oll. 

The well rods to be of 
wrought iron, with roller 
guides. 

The well engine gearing to 
havo two cast-iron side 
frames, with stretcher bolts, 
crank shaft, flywheel, two 
winch handles, and con- 
necting rod. 

Suction pipe to be fitted 
with a rose and foot valve. 

Delivery pipe to havo an 
air vessel. 

Diameter of suction and 




3 . SUCTION AND 

the working force pump, single 
barrel. In lift pumps for acting 


delivery pipes is usually less 
than that of 
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deep wells the stroke = about 12 in. to A 
15 in. ; diameter of suction pipe, etc. = # 
that of working barrel. In force or plunger B 
pumps, diameter of suction pipe — that B 
of plunger. To obtain the working power, Bi 
ada to the weight of the water the frictional k i 

resistance of the pipes, also that due to w 
the working parts of the pump and its 
gearing, usually estimated at one-third of vj 
thepowor applied. 

Having briefly explained the chief prin- § 

ciplcs of pumps, wc shill proceed to deal 
with flomo of the various kinds now 
manufactured ; but as this subject covers ftBBq 
a very wide fleld, it will not be possible 
to describe every form of pump. Typical 
examples will therefore be taken for the 
purposes of this course. 

Chain Pumps. These pumps [7] 5 . m 

are best for rough work, such as removing 

sludge or other semi-liquid 
material, ns they are not 
liable to become choked. 
With properly designed 
chain pumps, lifts up to 
100 ft. nave been obtained. 

Screw Pumps. Mr. 
Wilfred Airy many years 
ago designed an Archime- 
dean screw pump for lifting 
fluids short heights, which 
illustrates the great effi- 
ciency that is obtainable 
from a motor which is 
designed to avoid loss of 
energy from eddies or 
shocks in tho translation 
of tho fluid. This pump 
consists of a rotating 
cylinder having a central 
core, and one or more 
spiral passages. It works 
4. SUCTION and force in a frame at an angle of 
PUMP. DOUBLE ACTING from 30 deg. to 45 deg. with 
the horizon, and tho 
velocity of rotation is about 3 ft. per second, 
measured on the periphery of the cylinder. The 
lower end is placed in the water to be raised, 
and tho upper end is attached to the delivery. J 
An efficiency as high as 85 per cent, has k 

been obtained by v/e'l-dcsigned pumps x \ 

of this description. S^*V 

Screw pumps have been used in vari- t f 
ous places, notably at the '.ntwerp I / 
Water Works, where two Airy screw / _ 
pumps are now in operation. They are # #. 1 "7 
42 ft. long and 3 ft. in diameter, and are f . I 
laid at an angle of 30 deg. They I \ 1 

are capable of delivering up to ly\ f \ r 

3,500 gallons per minute. Koch A l| \1 

screw pump is driven by an inde- Jr:--' 

pendent 12- horse-power horizontal . |v 

engino. Besides being of high t. IjW 

efficiency, these pumps have the 1^."’" 
advantage of being excellent water 1^ ' Ay ' ; 
meters, their delivery being prac- 
tically the same per revolution at V,- 
all speeds, and at all depths of 
immersion on the suction side, so 
that the half-hourly returns of 
thoir number of revolutions enables 
the accurate measurement of the V. 

quantity of water lifted to be JCi 

obtained. Pumps worked by water 6. ruLSOB 


6. rULSOMETKR PUMP 


I pressure may often be used with great advan- 
tage when there is, say, a supply of un- 
drinkable water, at a pressure of from about 
10 lb. per square in. upwards, and it is 
desired to pump clean water from a well up 
into a cistern. Tho pumps should be of tho 
direct-acting type, tho motor cylinder and 
^ the pump barrel being all in one line. 

W Hydraulic Ram. This machine [5] 

| enables the power duo to a fall of water to 
V be used directly to raise a smaller 

a quantity of water to a height 

greater than tho fall. The princi- 
SgjpSBp plo of its action is based on the 
dynamic law that the energy of any 
body in motion will be absorbed, 
and consequently tho body will bo 
brought to rest, by any resistance 
5. HYDRAULIC RAM which opposes its motion, if such 
resistance acts through a sufficient 
distance. The machine, as ordinarily 
constructed for small volumes of 
water, is an iron box containing 
two valves called the jndae, or waste, ||j 

valve and the delivery valve. An B^BgL|f| 
air vessel is mounted over the ^BNBp^ 
delivery valve, and the delivery pipe W 1 
lakes off from this air vessel. Tho 9 I 

mass of water is provided by a pipe B I 

of suitablo length, which is placed H 8 

in tho tail race. Through tho waste- fig M. 

valve tho water freely escapes (for JBSB SjL 
one or two seconds) into the tail 
race. The contents of the pipe dur- * * ft 
ing this time have acquired a certain J » I 
velocity of flow, producing a pres- ^ W 
sure on the valvo sufficient to raise - I 

and close it. This diverts tho water \ ’ ft 

on to the delivery valve, which • , W 

opens, allowing the water to flow B 

into the air vessel against tho pres- 1 f Eft 
sure therein. When the pressure oi • i H 
the water duo to tho velocity has < • Bp 
been absorbed by the resistance of 
the pressure in tho air vessel, a 

reflex action sets in, causing the 7. 

waste valvo to open and tho CHAIN pump 
1 delivery valvo to close, and the 

cycle of operations is repeated. The illustration 
to (5] is one of Messrs. Hay ward Tyler A 

Company’s hydraulic rams, and the 
table on noxt page gives some 
V \V useful information as to their capa- 

\\ A bili tics. 

>i \ \ The Pulsometer Pump. 

p''\ \ \ This is on© of the most useful forms 

| 1 ( 1 of portable pump [6]. It consists of 

v- 1^1 a casting composed of two charn- 

| / \ 1 bers, A A, tapering to a common 

\ \ neck, J, in which they terminate in 
jr-i ^ a steam chamber containing a ball 

, \ A valve, I. The ball of this valve 

4 \ 1 oscillates between seats formed in 

J the junction. The illustration 

1 v i I shows the ball at rest on one of 

w the seats. The chambers are con* 
t nected with the suction passage C 
by valves, EE. A discharge cha in - 
ber, leading to the delivery pip 0 
D, is provided with valves FI. 
, The air chamber B communicates 

-.w with the suction. GG are guards 

£*■» ' w ^ wr to control the opening of the valvc> 

ter pump EE. The pump being Ulled with 
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water, either by pouring water through the plug hole 
in the chamber or by drawing a charge, is ready for 
work. Steam, being admitted through the steam- 
pipe K by opening the stop- valve to a small 

extent, passes down that 

side of the steam neck 
which is left oj>en to it 
by tho position of the 
steam ball, and presses 
upon the small surface 
of water in the chamber 
which is exposed to it, 
depressing it without any 
agitation, and conse- 
quently with but very 
plight condensation, and 
driving it through the 
discharge opening and 
valve into the rising main. 

The moment that the 
level of the water is uh 
low as the horizontal 
orifice which leads to tho 8 . pulsometer PUM 
discharge, the steam 

blows through with a certain amount of violence, 
and being brought into intimate contact with the 
water in the pipes leading to the discharge chamber. 
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8- PULSOMETER PUMP ON FLOATING RAFT 
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an instantaneous condensation takes place, and gallons of water to a given height, multiply the 

a vacuum is in consequence formed in the just number of gallons per minute by 10 (1 gallon - 

emptiod chamber so rapidly that the steam ball is 10 lb.); this gives the weight of water raised per 

pulled over into the seat opposite to minute • t.lu»n mnltmlv l»v tho l»o;«rl«i 

that which it had occupied during 
the emptying of the chamber, I 
closing its upper orifice and prevent- 
ing the further admission of steam, 
allowing the vacuum to be com- 
pleted ; water rushes in imme- 
diately through the suction pipe, 
lifting the inlet valve K, and rapidly 
fills the chamber A again. The 
above action now takes place in 
the second chamber, completing 
the cycle of operations. 

The adaptability of this pump is 
well shown by 8, which depicts a 
pulsometer pump on a floating 
raft, and supplied with steam from 
a locomotive. 

In reciprocating pumps the 
momentum necessary to deliver 
the water to the desired height 

is produced by a force acting 9, ‘dan do’ DIAPHRAGM PUMP avoid this, and to equalise alto- 
directly on the plunger or piston, gether the working of the pump, 

the pressure in the pump remaining the same at it is desirable to place a vacuum vessel (soine- 
all speeds, provided the acting force is constant. what similar to an air vessel) on the pipe just 
It therefore follows that the capacity of recipro- before it enters the pump. 

Continued 


eating pumps can be varied without change in the 
total head pumped against; further, if the head 
is reduced, the quantity delivered by the pump 
will remain constant at a qonstant speed. 

In centrifugal pumps, 

on ihe oilier hand, the 
water, after entering the 
pump, passes through 
the impeller, where it has 
a. velocity imparted to it 
due to tho form of tho 
vaivs and the speed at 
which the impeller is 
running. 

I 11 many eases small 
portable hand pumps are 
necessary to clear work- 
ings or trenches from 
rain-water, or to pump 
out cellars which have 
been flooded. This can 
he done by bucket pumps ; 
ON FLOATING raft but considerable time may 

l>e spent in erecting them 
and changing their position. If is therefore 
better to employ some more convenient pump, 
of which there are many on the market. 

A useful pump for this purpose is 
made by Messrs. Duke & Ockenden, 
and is shown in 9. As will he seen 
from the illustration, the pump is fixed 
to a wheelbarrow and is provided 
with a flexible hose, so that it can 
be wheeled from place to place and 
J*!5 to to work immediately. 

500 ,, 1,000 ll,( ‘ Average m an ordinary pump 

1,000 ” l/ir.o handle is about 0 to 1, and the usual 

l ,250 i,r>oo speed at which a man works a pump 

l oo!) " f’ool! handle or crank is fl() strokes per 

minute. To calculate the power 
required to raise a given number of 
gallons of water to a given height, multiply the 
number of gallons per minute by 10 (1 gallon - 
10 lb.) ; this gives the weight of water raised per 
minute ; then multiply by the height 
in feet, the result is tho foot-pounds 
of work to be done, not allowing for 
friction. It is very important in lay- 
ing a long suction-pipe to make sure 
that it falls along its whole length 
from the pump towards the well. 
If there is any point higher than 
the pump end of the pipe, it will 
form an air-lock or trap, from 
which it may 1x5 very difficult to 
draw away the air. It is always 
desirable to have a foot valve in 
the suction pipo to retain the 
water when the pump is standing. 

In a long suction pipe there 
is often considerable concussion 
(especially with single barrel 
pumps) owing to the stoppage of 
the advancing column of water at 
each down-stroke of the pump. To 
APHRAGM PUMP avoid this, and to equalise alto- 
gether the working of the pump, 
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* The Principles of the Art and their Application. Treatment 

CATEK1XU 

continued from page 5722 

of Poultry, Game, Fish, and the Most Familiar Joints of Meat 


By A. B. BARNARD 


A MONO our ancestors carving ranked as a fine art, 
** but a skilled amateur carver is now rare, pro- 
bably through imitation of the continental fashion 
of getting the carving done at a side-table and rele- 
gating the function to the butler. Yet, that skill in 
carving is highly desirable, anyone who has igno- 
miniously had to relinquish the carving-knife will 
readily admit. Bad carving is wasteful, tends to 
spoil tho flavour of the meat, destroys appetite, and 
wastes time [see Health, page 3314]. On the other 
hand, it is a pleasure to watch a neat and deft c irver 
as he carefully serves tho wing of a fowl or shaves 
a slice of tongue. A hoy or girl should gain 
experience at the family table, so that ho or she 
may not at some future time get into an awkward 
predicament when in charge of a joint or bird. 

A good carver requires: (1) A sharp carving- 
knife of moderate length; (2) a two-pronged fork 
with a guard ; (3) a steel which should be used 
for sharpening tho knife before , not after, the assem- 
bling of tho diners. The dish should be eonvonien 1 1 y 
near the carver, of ample size to avoid spattering 
and spilling gravy, and with a well at one end. 

Principles of Carving. The principles 
to be observed in good carving are: (1) Skill and 
accuracy rather than brute force ; (2) economical 
cutting ; (3) speed, to ensure which plenty of 

elbow-room is needed, though, as a rule, a good 
carver manages with less than an indifferent one ; 
(4) deftness and neatness, without apparent 
exertion; (5) preservation of the appearance of a 
dish, in view of its return to table next day ; (0) 
knowledge of the anatomy of the animal or bird. 

Tho carver will seek to gratify the tastes of each 
person, and where these are unknown, will give 
variety in the helping, with clue regard to the amount 
of lean and fat, and distribution of the “ tit-bits.” 

It is necessary that both dish and plates should be 
hot when hot food is being served, not merely warm. 

For carving poultry, long-handled poultry carvers 
with stiff blades are needed. Their work is very 
different from that of meat carvers, and they must 
be strong, to disjoint the limbs of birds. 

POULTRY 

Roast Fowl. The fork is firmly inserted in 
the breast, and the wings are first cut off with a sni dl 
piece of the breast, and each served w ith half tho 
liver. The knife is slipned betweon the thigh and 
the body, so that the leg can be bent back and 
disjointed, after which it is easily removed. The 
merry- thought is detached by plunging the knife in 
at D, drawing it through C, behind tlio bone, and 
forcing the latter forward. Tho breast is then nit 
in thin slices, in the direction A to B [1]. Only 
the carcase of the bird remains, but it supplies two 
helpings if the back is cut into two pieces across. 
The breast and wing are usually most liked. A 
boiled fowl is similarly treated. 

Turkey. First cut as many thin slices as pos- 
sible ffom the breast, A to B [ 4 ]; next serve tho 
wings, and then the legs. Tho merry* thought is 
removed in tho same way as a fowl’s. The stuffing 
M found in the breast, C to D. 
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Goose. Make a transverse incision down from 
the breast -bone to the wing in tho direction A to ( ' 
16]. Cut fairly thick slices along each side of the 
breast in the direction A to B. A circular incision, 
BDE, reveals the stuffing, which is served with a 
spoon. Tho wings and legs are then removed, the 
latter being either cut in tw r o at the joint, or sliced 
after being turned over. 

Duck. If the bird is small it is carved much 
like a fowl, the wings and legs being first removed, 
and the breast cut in slices in tho direction A to B 
( 3j. The leg is usually preferred to the wing. The 
stuffing is removed with a spoon after making a 
semicircular incision 0 to D. A young duckling 
may 1x3 cut in halves through tho breast-bone. 

Pigeon. A pigeon is cut in halves along the 
centre, through the breast and backbone. In the 
ease of a large bird these portions may again bo 
subdivided across. Thus the four helpings consist of 
two leg portions and two wing portions. Serve with 
each some of the toast on which the bird is dished. 

GAME 

Game birds are carved in much tho same way as 
poultry, but, being usually smaller and more deli- 
cately formed, they need careful treatment. Let 
us consider the following birds : 

Pheasant. Slices are first cut from the breast, 
lengthways, in the direction A to B [5], the merry- 
thought removed, tho w ings cut off in the direction 
(.- to JD, and then the legs severed. As in the caso of 
a fowl, the breast provides the best cuts. 

Partridge. This may bo treated like a 
pigeon, or like a fowl or pheasant. Another method 
is to cut the bird into three parts, serving a wing 
and leg on both sides, and leaving tho breast for th * 
third portion. Some carvers hold down tho legs, 
push up the body as one w ould raise the lid of a box, 
and cut the breast in halves down tho centre. The 
backbone is regarded as a delicacy. Blackcock and 
ptarmigan are carved according to size, like pigeons 
or fowls. 

Quails and Plovers. Being small birds, 
quails and plovers are usually served whole, with 
toast on wliich they have been dished. 

Woodcock and Snipe. The thigh and back- 
bone of woodcock aro tho M tit-bits.” The birds are 
usually cut in halves down the backbone, and, if 
sufficiently large, the halves aro subdivided. A 
piece of toast accompanies each portion. 

Hare. Slices may first bo cut from the part of 
the back towards the loin, and then the legs may bo 
removed, and the samo method followed as in the 
case of the rabbit. The back pieces are most liked. 

Rabbit. A boiled or roast rabbit has the legs 
first removed, cutting along A to B [10], then tlic 
shoulder, cutting along 0 to D. The back is next 
cut up into joints, inserting the knife between them 
and using the fork as a lever. The back cuts are 
considered the best. 

Venison. In carving a roast haunoh of 
venison, the knuckle of whioh is ornamented with a 
paper frill, an incision is made down to the bono 
round tho leg, above the joint, so that vent is give to 
the gravy, shoes are then cut lengthways, fa slightly 
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curved lines. This joint should be carved quickly, 
as venison fat, like that of mutton, soon chills. 

FISH 

It will bo noticed that fish belong to one of two 
forms — flat or round. A plaice or turbot [8] may 
be taken as examples of the former, and a cod of the 
latter. Both turbot and cod are divided into two 
clear halves by the backbone and its projecting 
bones ; but in the turbot the backbone is in the 
middle, with an equal amount of flesh above and 
Wow it, while in the cod the backbone lies nearer 
the back, with an equal amount of flesh on both sides. 

A silver fish-slice is wanted for serving fish ; it 
should have a fairly sharp edge. 

Cod's Head and Shoulders. Cut thick 
slices of the shoulder through the backbone cross- 
ways, about 1 in. thick in the direction A to B [7] : 
these may then be subdivided. Some of the sound 
and gelatinous part accompanies each plate. 

Hake. If the whole fish is boiled, it is served 
like cod. If fried, it is cut in slices 1 in. thick before 
being cooked. 

Roiled Turbot. Turbot, plaice, brill, halibut, 
and John Dory arc flat fish, therefore the middle 
is the best part. First cut along the backbone from 
head to tail in the direction A to B [8]; then cut- 
transverse slices, C to J), and D to E on each side of 
the backbone. Remove the backbone by slipping 
the fish-slice under it, and cut the underside in the 
same way. Serve portions of the gelatinous skin 
and of the thick part of the fins with eacli slice of 
the turbot. 

Sole. If the fish is a fair size it is served like 
turbot; but when small, it is cut up into transverse 
portions right through the backbone. The bead 
should be cut off and not served. 

Mackerel. When the fish is large and boiled, 
it may be cut into transverse portions, the backbone, 
head, and tail being lifted intact. When small and 
broiled, it should be divided in two through the back- 
bone, as also should the curled whiting. The tail-end 
and roe of mackerel are usually preferred. Haddock 
and gurnet are similarly treated. 

Salmon. If the whole fish is served, make a 
cut along the middle line of the back in the direction 
A to B [2] ; next make another along the length of 
the side, C to D, and then cut at right angles 
between these lines, E to F and G to H. Carve 
neat slices, serving fat from the under part. 

If a cut of salmon [9] is served, the slices arc not 
cut out transversely, but parallel with the back- 
bone {line A to B], also along the natural marking, 

C to D and E to F. The flakes should remain 
unbroken, and be accompanied by thin transverse 
slices from the thin edge part, cut from G to H. 

Eels. The natural and easy way to treat eels 
is to out them up in sections before cooking. 

MEAT 

With few exceptions, meat should be cut across 
the fibre. It is thus far more easily masticated 
and tastes better. The carver should remember 
that a joint may have to reappear on the table cold, 
and it should therefore be kept neat, arid not spoilt 
by careless treatment. A hacked, ragged remnant 
of a joint is not merely unsightly but unappetising. 

Roast Sirloin of Beef. There arc two 
methods of attacking a sirloin of beef ; one is to carve 
the Jong top slices first- parallel with the long bone 
in the direction B to A [14], the other to carve the 
undercut or fillet first in transverse slices about 
4 in. thick in the direction A to B [15]. The under- 
cut, is the most juicy and tender part, and many 
Catering concluded ; 


people prefer to carve it hot, and reserve the upper 
part to be eaten cold with horseradish sauce. Carv- 
ing the upper side is facilitated by first severing 
the meat from the end bone. 

Round of Beef. The outside irregular slice 
is cut off the round of beef, und also off the boiled 
silvers ide of beef, in order to get an even surface ; 
then thin slices are cut horizontally in the direction 
C to B [22]. A thin, sharp knife and a fork with 
a strong guard are required. 

Roast Ribs of Beef. The ribs are carved 
in the same way ns the upper part of the sirloin, 
in the direction B to A [24J. 

Roast Shoulder of Mutton. Shoulder of 
mutton should be neatly carved, the side with 
most meat being out first in a transverse direction, 
B to A [17], then slices cut lengthways along the 
shoulder-blade, C to D, and a few from the under- 
side, E to F. When the shoulder is turned over the 
remaining meaty portions are apparent with a gap 
about E to F, where the slices were cut on the other 
side [18]. Round slices are cut from A to B, then 
slices from 0 to I) ,* a few knuckle slices will then 
alone remain. 

Roast Leg of Mutton [12]. This joint has 
the first incision across the centre of the leg down 
to the bone in the direction A to B and slices cut 
about l in. towards or away from the knuckle, 
according to taste, though the knuckle end is better 
eaten hot than cold. The upper end has some crisp 
fat, which is regarded as a “ tit- bit.” 

Leg of lamb is cut in the same way. 

Saddle of Mutton. Saddle of mutton, which 
is really a double loin, is best cut the length of the 
joint, a long cut beng made from A to B down to 
the bone [20] ; then long slices are carved parallel 
with this from E to F. These slices are then sub- 
divided before serving. Fat will be found in the 
direction G to H. The joint may also bo carved 
obliquely, us in 21, after making the incision A to B, 
as in 20, and parallel cuts C to D. Slices are then 
cut obliquely, as shown. 

Loin of Mutton. This joint presents no 
trouble to the carver, provided it has been properly 
jointed, for it is cut transversely into chops in the 
direction A to B [11 1; these if very large, will 
allow of a slice being cut between them. 

Loin of Lamb, Pork or Veal 1 23] is 
similarly treated. With each helping of veal a piece 
of the kidney and surrounding fat is served, cut 
from about C to D. The crackling is removed from 
the pork, and a portion served if desired. 

Roast Leg of Pork. Roast leg of pork [16] 
is carved like a leg of mutton, fairly thick slices 
being cut in the direction A to B between the strips 
of crackling. Sage and onion stuffing accom- 
panies the joint. 

Forequarter of Lamb. The shoulder is 
first separated from the breast by cutting round 
from points A to B [13J. The shoulder is then raised 
afid placed on another dish, either it or the brisket, 
as the breast of the lamb is called, being reserved 
to be eaten cold ; the shoulder is then carved like 
roast shoulder of mutton [17]. 

Boiled Ham. The middle of the ham has the 
best slices cut in the direction A to B [19], right 
down to the bone. It is more economical to begin 
nearer the knuckle and to cut the slices in a slanting 
direction, so that a fair amount of fat accompanies 
each one. 

Mutton, lamb, and pork may be cut in thicker 
slices than beef, veal, ham and tongue, and boiled 
beef thinner than roast. 
followed by Brewing 
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See pages 123*7 and 1256 lor system of phonetic pronunciation. 

^ L - A ( ! h l! h) *Z In the i 8tyl ?K < ® r f ^ 8hl ? n 1 Capuoine (kap-tt seen) -Nasturtium. 

Caramel (kah-rah-mel)— Burnt Bugar 


A la Russe, in the Russian 
fashion. 

Abatis (aba-tee) — Giblets. 

Abrlcots (ab-ree-koh) — Apricots. 

Ajjneau^nyoh)— Lamb. 

Aloyau de bceuf (aioy*yo-de-b6f;— Sir- 
loin of beef. 

Amandes (am«ongd)— Almonds. 

Ananas (an-ah-nah) — Pineapple. 

Anehols (ong-shwa) — Anchovy. 

Andoulllettes (ong-dwee-yet) — Force- 
meat balls. 

Anguilles (ong-gwee)— Eels. 

Appdtlsans (ap-pay-tee-zong) — Small 
savouries served between the courses 
of dinner or before it. 

Artiohauts(ahr-tee-shoh)— Artichokes. 

As per ges (as-pCrj) — Asparagus. 

Aspic (as-pik) — Savoury transparent 
Jelly used for garnishing or moulding 
cold poultry, fish, etc. 

Assiettes (as-syets) — Small entries or 
hors-d’oeuvres served on a plate, 
such as biscuits, fruit, etc. 

Avellnes (av-leen)— Filberts. 

BAIN-MARIE (bang - ma - ree) — An 
open saucepan or kettle of boiling 
water in which other utensils are 
placed to warm or cook the contents. 

Barbe de capucin (bahrb-de-capu- 
sang) — ChicoTy. 

Barbue (bahr-bli)— Brill. 

Batterie de culsine(bat-tree-d6-kwee- 
zeen) — Set of cooking apparatus. 

Bavarolse au chocolat (ba-vahr-waz- 
oh-Bhdk-oh-lah) — Chocolate cream. 

BAeasse (beh-kas) — Woodcock. 

Bdcasslne (beh-kas-een) — Snipe. 

Bdchamel (behsh-mel) — French white 
sauce. 

BeignetS (beh-nyeh)— Fritters. 

Betterave (bet-trahv) — Beetroot. 

Beurre (beer)— Butter. 

Beurrde (beer -eh ) — Slice of bread and 
butter. 

Bibre (bee-air) — Beer. 

Bifteck (bif-tek) — Beefsteak. 

Bisque (beesk)— Soup made of shell- 

Blanchallles (blong-shai) — Whitebait. 

Blanchlr (blong-sheer) — To whiten 


used to colour or flavour. 

Carte, k la (ah-lah-kahrtj — A menu 
with each item priced, contrasted 
with table d'hdte. 

Carrd (kah-reh) — Neck ; as card de 
mouton , neck of mutton. 

Carrelet (kahr-leh)— Flounder. 

Casserole (kas-rol) — Stewpan; game 
or meat d la casserole is cooked in a 
stewpan or mar mite in which it may 
appear at table. 

CGleri (seh-16-ree) — Celery. 

Cbps (sehp) — A kind of mushroom. 

Cerises (seh-rees)— Cherries. 

Champignons (shang-pee-tiyong) — 
Button mushrooms. 

Charcuterie (shahr-ku-tree) — Pork- 
butcher's meat. 

ChAteaubrland (shah-toh-bree-yong) 
—Grilled fillet of beef. 

Chaudfroid (sholi-frwah) — A dressed 
cold dish. 

ChicorAe (shce-koh-reh ) — End i ve. 

Chou (shoo) — Cabbage. 

Chou de marln (shdd-dd-ma-rang) 
— Seakale. 

Choufleur (shdo-lldr)--- Cauliflower. 

Chou rouge (shoo-rooj) — Red cabbage. 

Choux de Bruxelles (shoo-de-brod-sel) 
— Bnissels sprouts. 

Choux verts (shoo-vehr) — Greens. 

Citron (seo-trong) — Lemon. 

Civet de llbvre (siv-eh-dO-lec-ehvr) — 
Jugged hare. 

Cochon de lalt (kosh-ong-de 
Sucking pig. 

Cognac (koi-nyak) — Brandy. 

Compbte (kom-poht) — Stew (fish or 
fruit.) ; as comp6tes d'oranges, 
stewed oranges. 

Concombre(kong-kombr)— Cucumber. 

Confiture (kong-fcc-tiir) — Preserve, 
jam 

Conserve (kong-sairv)-- Preserve. 

ConsommG ( kong - som - meh) — Clear 
soup. 

Coquilles (kok-ee) — Conked fish or 
meat served in shells. 

Cornichon (kor-nee-shong) — Gherkin. 

Cdtelettes (kot-let)— Cutlets, chops. 


EAU (oh)— Water. 

Echalote (eh-shah-lot)— Shallot. 
Ecrevlsse (eh-kree-vees)— Crayfish. 
Eglefln (eh-gl-fang)— Haddocks. 
EmlncA (eh-mang-soh)— Mince. 
Entrees (ong-trey )— Made dishes. 
Entremets (onfr-meh)— Side dishes 
served with the second course. 
Entremets sucrAs (ong-trraoh-sU- 
, kreh) — Sweets. 

Epaule (eh - pohl) — Shoulder ; as 
ipaule de mutton, shoulder of 
, mutton. 

Eperlans (eh-ptr-lang)— Smelts. 

Epice (eh-pccs) — Spice. 


Epinard (eh-pee-nahr) — Spinach ; os 
ipinards d la Colbert, spinach and 
poached eggs. 

Escalopes (es-kah-lop) — Collops ; 

small beaten pieces of meat or fish. 
Escargots (cs-kahr-goh)— Snails. 
FAI8AN (feh-zong) — Pheasant. 

Farce (fahrs) — Stuffing or forcemeat. 
Fausse tortue (fohs-tor-tii)— Mock 
turtle soup. 

Feuilletage (fC-ye-tahj) — Puff paste. 
Fdves (feliv) — Beans ; as fives de 
marais , broad beanB. 

Figues (feeg)— Figs. 

Flageolets (flaj-oh-leh) — Young hari- 
cot beans. 

Flan (flang) — A sort of custard cheese- 
cake. 

Mi)— Foie (fwah) — Liver ; as foie de veau 
au lord, calf’s liver and bacon. 

Fondu (fong-dU) — Melted ; as beurre 
fondu, melted butter. 

Four (four) — Oven. 

Fourniture, de la (d6-lah-Mflr-nee-tur) 
—Sweet herbs for a salad. 

Fralses (frehz) — Strawberries. 
Frangipane (frang-jee-pahn) — Cheese- 
cake. 

Fromage (froh-mahj) — Cheese. 
Fromboises (from - bwahz)— Rasp- 
berries. 

Fricassee (frik-ah-see) — White stew of 
chicken, lish or game. 

Frit (free) — Fried. 

Frlture (free-tUr)- 


vegetables, fruit, or poultry, etc., by Goq de bruydre (kok-de-bru-yalr)— Fruit (frwee) — Fruit, 
plunging them into boiling water, and Grouse, blackcock, 
then placing them in cold. Coulls (koo -lee)— Rich brown gravy 

“ ' “ used to flavour, thicken, or colour 

soup. 

Courge (kfiflrj) — Vegetable marrow. 

Crabe (krab)-— Crab. 

Crapaudlne, A la (ah-lah-kra-poh-doen ) 

— Spatchcocked, spread like u frog. 

Creme (krehin) — ‘Cream, custard ; as 
crime d la vanillc glcu.d. vanilla ice irmuu oyuuKu. 
cream ; crime au cafd glade,, coffee Gibier (jib-yell)— Game, 
ice cream. Glgot (jee-goh)— Leg of mutton. 

Creme caramel (krehm-kah-rah-mel) GIngembre (Jang- jom-br)— Ginger. 
— Custard flavoured with burnt Glace (glahs) — Ice. 
sugar. 

CrApe (krehp) — Pancake. 

Crevettes (krev-et)— Prawns, shrimps. 


- shell 
-Fish 


Bffiuf (bet)— Beef. 

Bonbons (bong-bong) — Sweets. 
BouchAe (bdo-sheh) — Mouthful. 
BouchAes d* homard (boo 
doh-mahr) — Lobster patties. 
Bouillabaisse (bwee-ya-behs)- 
^ soup or stew. 

Bouille (bdo-ye) — Boiled meat. 
Boulllie (b66-ye-ee) — Hasty pudding. 
BouIUIr (bo6-yeer) — To boll. 

Bouillon (bbo-ee yong) — Broth, stock. 
Boulettes (bdft-let) — Forcemeat balls. 
Boutollle (b66-tl)— Bottle ; as bou- 
MU*. fa vin, bottle of wine. 

Braisep (breh-zeh)— To stew meat in a 
br&isttrs or pan. 


GALANTINE (ga-lang-tcen) — Cold 
meat, fish or game garnished with 
aBpic jelly. 

Galette (gal-et)— Buttered roll, cake. 

GAteau (ga-toh) — Cake ; also a pud- 
ding and a kind of tart. 

GelAe (jel-eh) — Jelly; os seUe d la 
crime fouett&c, jelly with whipped 
cream ; geld d la Russe au citron, 
lemon sponge. 


Bralstfcre (breh-zyair)— A pan made Cromesquls (kroms-kees)— Dice 

^ with a lodged lid to hold live coals. “*'* 

(bree-deh) — To thread together 
the limbs of poultry,' game, etc. 

Broche, K la (ah-lah-brosh)— On the 
spit. 

»rugnons (bril-nyong) — Nectarines. 

OABILLAUO (ka-bee-yoh) — Cod. 

— Cocoa. 

Ca JW (kaf*eh) — Coffee; as cafd au lait, 


Glacer (glah-seh)— To glaze ; to ice. 
Glaze (glahz) — Stock boiled to a Jelly, 
used for garnishing. 

Gras double aux oignons (grah- 
ddflbl - oh - zoi - nyong) — Tripe and 
onions. 

Gratin, au (oh-gra-tang)— With grated 
cheese. 

Grenouilles (gren-wee)— Frogs. 

Crottte-au-pot (kr55-toh-pol\)— Clear Grlller (gree-yeh)— 1 To broil ; to grill. 

vegetable soup with crofltons. Grosejlles (groh-zi) — Currants. 

Crofftons (kroo-tong)— Sippets of fried Groseilles A maquereau (groh-zi- 
bread. zah-mak-roh)— Gooseberries. 

HACHI8 (hash-ee) — Hash. 


. , of 

chicken, game, etc., wrapped in 
udder of veal or bacon and fried. 
Cresson (kres-ong)— Cress, watercress. 
Croquette (krok-et) — Ball of potatoes, 
fried rice, etc. 


<Bffe* Witty milk ; oaf 6 noir, black DEJEUNER (deh-jan-eh)— Breakfast; 


coffee. 

Cailles (kl) — Qualls ; as cailles 
r oaHozAr. quails on toast. 
<*wi"Uto)-~“Dttck. 
fran-tong) — Duckling, 
rJSS?!!* .Ckan-el)— Cinnamon. 


as ddjeumr d la foutchette, meat break- 
fast or luncheon. 

Dessert (des-sehr)— Dessert. 

Stable, k la (ah-lah-dee-abl) — Devilled; 
as dinde grUU d la diable, devilled 
v*H'u»mu". turkey. 

c ¥jJjtlide(kap-^e-ioh*tahd)— Poultry Dlndon (dang-dong)— Turkey. 
caJfJS: .... , ‘ Dindonpeau (dang-don-noh)— Turkey 

Uprei (kahpr)— Capers. poult. # 

l IT - it , n 


Harengs (hah-rang)— Herrings. 
Haricots blancs (hah-ree-koh-blong) 
— White beans. 

Haricots d’Espagne (hah-ree-koh- 
des-pin)— Scarlet runners. 

Haricots verts (hah-ree-koh-vehr)— 
French beans. 

Herbe sbche (erb-sehsh)— Dry herb; 

herbes, sweet herbs for a 
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Homard (hom-ahr)— Lobster. 

HoK?'d*ceuvre$ (or-d6vr)— Small dishes 
served before the soup. 

Hulle (weel) — Oll- 

Hultres (weetr)— Oysters. 

JAM BON (Jam-bong) -Ham. 

Julienne (Jli-lycn)— Vegetable soup. 

Jus de viande (jii-dc-vec-ongd) — 
Gravy. 

KARI (ka-rce)— Curry. 

LAIT(leh) Milk. 

Laltance (Ich-tongs) — Roe. 

Lai tue ( leh -t ii ) — Let l ure. 

Laltue pommc (leh-tii-pom-meh) 
Cabbage lettuce. 

Langouste (lang-gnost)- -Crawfish. 

Langue (long [hard «]) Tongue. 

Lnpereau (lap-rob; — Young rabbit. 

Lapin (lap-ang) — Rabbit. 

Lard (luhr) — Huron. 

Legumes (leh-giun) — Vegetables. 

Lievre (lee-ehvr) -Hare, as lii'ere d la 
JJaubc. jugged hare. 

Longe (lonfifjj— Loin ; as long? de. veau, 
lom of veal. 

MACEDOINE (mah - sob - dwahn) - 
Vegetables or fruit mixed for a garn- 
ish or compete ; as macMoine de 
fruits rajraichis , mixed iced fruits. 

Macho (mahsh) -Corn salad. 

Maigre (tnehgr) — J troth, gravy or soup 
made without meat. 

Maltre d’hdtcl, a la (ah-lali-mehtr-doh- 
tel) — Served with parsley butter. 

Maquereau (ma-kroh)— Mackerel. 

Marinade (ma-ree-nahri) -lhckle. 

Marini (ina-reo nch) — Pickled ; as 
nigrum* mnrinl a, pickled onions. 

Marrons (mahr-rong) -Chestnuts. 

Matelote (mat-lot) — Fish stew made 
with wine or cider. 

Mayonnaise (mch-yon-ehz)- Salad 
dressing or cold sauce of eggs, oil, 
etc. 

Melasse ((meli-lahs) Treacle. 

Menu (rnC-nfi) — Rill of fare. 

Meringue (mP-ran g) -Icing of beaten 
whites of eggs and sugar. 

Merlan (mer-lano) -Whiting; as 
merlon au gratin, baked whiting. 

Merluche (mer-lUsh) — Smoked had- 
dock. 

Mlrotons (mecr-oh-tong) — Slices of 
meat larger than eollops. 

Morue (mo-rii) - Salt cod. 

Moules (modi)— -Mussels. 

Mouton (moo-tong)- -Mutton. 

Mousse (mods)— Frothy ice-cream. 

M tires (nuir) — Mulberries. 

NATUREL, Au (oh-na-ttl-rcl)— Plainly 
cooked, such as boiled in water. 

Navets mav-eb) —Turnips. 

Nolr (nwahr)— Black, Imrned ; as 
beurre noir , browned butter. 

Noisettes (nwah-zet) — Nuts. 

Nolx fnwah) — Nuts, walnuts. 

Nougat (noo-gah) — {Sweetmeat made 
of almonds. 

CEUP8 A LA COQUE. (ef-zah-lah-kdk) 
— Soft boiled eggs. 

(Eufs broulllGs (6f - brwee * yell) — 
Mumbled (scrambled) eggs. 

(Eufs frits au Jambon (ef-iTeo-zoh- 
jang-bong) — Fried ham and eggs. 

(Eufs pochtis (Cf-posh-eh) — Poached 
eggs. 

(Eufs sur le plat (cf - sUr - le - pluh)— 
Fried oggs. 

Ole (wa) — Goose. 

Oignons (oi-nyong)— Onions. 

Omelette (om-let) — Omelet ; as ome - 
Utte aux confiture * , jam omelet; 
omelette aux fines htrbe * , omelet with 
finely ♦ chopped herbs ; omelette 
sucre e, sweet omelet. 

Orge (orj)— Barley 


Oseille (oh-zi) — Sorrel. 

PAIN (pang) — Bread ; as petit paint 
or pain rnollet, roll. 

Pain bis (pang-beess) — Brown bread. 

Pain de froment (pang de-froh-mong) 
— White (wheatcn) bread. 

Pain d’dpices (paug-deh-pees) — 
Gingerbread. 

Pain de seigle (pang-dd-sohgl) — 
Brown bread. 

Pain rassis (pang-rah-see) — Stale 
bread. 

Pain tendre (pang - tongdr) — New 
bread. 

Panals (pan-eh) — Parsnips. 

Paner (pan-eh) — To cover meat, etc., 
with fine breadcrumbs before cook- 
ing. 

Papillotes (papee-yot)— Paper eases; 
as rougets en papillotes , red mullet 
in paper eases. 

Parmentier (pahr-moug-tyeli) ■- To- 
tato soup (thick). 

PAtd (pat-eli) — Pie; as pdtS de volatile 
chicken pie. 

Pfitfi de foie gras (pat-eli-dMwa- 
grah) -Goose liver paste. 

Patisserie ( pa- tis-ree) — Pastry. 

Pdches (pehsli)- -Peaches. 

Ptiches ft. la Cardinal (pehsh-zah-lah- 
kahr-dee-nal)- -Split peaches with 
raspberry syrup. 

Perdrix (pair-dree) — Partridge. 

Persil (pair-see) — Parsley. 

Petits fours (ptee-foor) — Small fancy 
cakes. 

Pibcede resistance (pec-ehs-dfc-reh- 
zees-tangs) — Principal dish of the 
dinner. 

Piece montee (pee-ehs-mong-tch)— 
Decorated dish. 

Pieds (pec-ch)-- Feet; os pied* de. remix, 
calves’ feet. 

Pigeons (pec-jong) — Pigeons ; as 
pigeon t en compote , stewed pigeons. 

Piquti (pee-keh) - -Larded with strips of 
fat baron. 

Pluvier (phi-vyeh)— Plover. 

Poireau (pwah-roh) — Leek. 

Poircs (pwahr) Pears ; as compete de 
poire s, stewed pears. 

Pols (pwah) — Peas ; as poi* earrh , 
marrow-fat, peas ; peris ertxsh, split 
peas ; petit* poi s, green peas. 

Poisson (pwah -song) —Fish. 

Poitrine (pwah-treen) -Breast. 

Pommes (pom)— Apples. 

Pommes de torre (pom-cie-tair)— 
Potatoes. 

Pore (por)— Pork. 

Pot au feu (pot-oh-fC) — Brotli and 
boiled meat. 

Potage (pot - alij) - Soup ; as potage 
fitusse tortue , mock turtle soup. 

Pouding (poo - dang) — Pudding ; as 
ponding de gr oseille* noir*, black- 
currant pudding ; pouding au citron, 
lemon pudding ; pouding de Noel, 
Christmas pudding ; pouding de 
pommes , apple pudding. 

Poulet (pod-lch) — Fowl. 

Poussins en casserole (poo-sang-zong- 
kas-rohl) — Young chicken stewed 

in a pan. 

Prix-flxe, a (ah-pree-flx)— A meal at 
fixed charges. 

Pruneaux (pru-noh) — Primes. 

Prunes (prim) - -Plums. 

Prunes de damas (prun-de-dara-ah) — 
Damsons. 

Purde (pii reh) — Thick soup made from 

• vegetables or moat boiled to a pulp. 


QUEUE DE BCEUP (k«-ee-d6-b«)— - 
Ox-tail soup. 

Quenelles (kwen-el) — French force- 
meat balls. 


RADI8 (ra-dee) — Radish. 
Ragoftt (ra-goo) — Hash or stew. 
Rate (reh) —Skate. 


Ralfort (reli-for)— Horseradish. 
Raisins (reh-xang)— GrapeB. 

Raisins deCorlnthe (reh-zang <le 
kor-int) — Currants. 

Raisins secs (reh-zang-sek)— -Raisins. 

Rdchauffg (reh-shoh-feh) — A dish 
warmed up. 

Heine (rehn) — Chicken broth. 
Relne-claude (rehn - clohd) — Green- 
gage. 

Remoulade (r8-m0o-lahd) — Salad 
dressing. 

Rhubarbe (rii-bahrb) — Rhubarb. 

Rls de veau (ree-dfi-voh) — Sweetbread. 

Rissoles (ris-sol)— Puff paste filled 
with fish, meat, etc., and fried. 

Rlz (ree) -Rice. 

Rognons (roi-nyong) — Kidneys. 

Rdtl (roh-tee) — Roast; as oie rtitie, 
roast goose. 

Rdtie (roh-tee) — Toast; as rirfie au 
beurre, buttered toast. 

Rdts (roh) — Roasts. 

Rouelle (roo-el)— Fillet ; as rouelle de 
veau, fillet of veal. 

Rougets en papillotes (rf>6-jeh-zong- 
pa-pec-yot) — Red mullet baked in 
cases of oiled paper. 

8ALE (sa-leh) — Salt ; as beurre s alt, 
salt, butter. 

Salmis (sal-mee) — Ragout or stew of 
game. 

Salsifls (sal -see-fee) — Salsify. 

Sauce (sobs) -Sauce ; as sauce pi - 
quante, sharp (pungent or acid) 
Bailee ; sauce au beurre, melted 
butter. 

Saucisse (soli - seess) - -Sausage. 

Sauclsson (soh-see-song) -- German 
sausage 

Sauge (solij) — Sage. 

Saumon (soh-mong) — Salmon. 

Sautd (soh-teh) Fried in a saucepan 
kept moving. 

Sauvage (soh-valij) — Wild. 

Sel (sel) — Salt. 

Selle (sel) —Saddle ; as selle d’ agneau, 
saddle of lamb. 

Soles (sol) — Soles. 

Souffle (soo-fleh)—- Sweet, light pudding 
made with whipped white of egg ; 
also savouries of fish, fowl or game. 

Sucre (siikr)— Sugar. 

TABLE D’HOTE (tahbl-doht) — A 
meal at inclusive charges. 

Tarte (tahrt) —Tart ; as tarte mix 
{de) pommes, apple tart. 

Tartine (tahr-tccn) — Slice of bread. 

Tartine de beurre (talir-teen-dC-Wr) 
— Slice of bread and butter. 

Terrine de crevettes (t6-reen-d£-kre- 
vet’, -Potted shrimps. 

T6te (teht.) — Head. 

Thd (teh)— Tea. 

Thym (tang) — Thyme. 

Timbale (tam-bahl) — Border of pastry, 
macaroni* or crust filled with meat or 
game. 

Tomates (toh-maht) — Tomatoes. 

Toptnambours ( top - ee - nam - boor) — 
Jerusalem artichokes. 

Tortue (tor-ttl) — 1 Turtle soup. 

Tournedos de boBuf (tftbrn-doh-dc- 
bfif)— Small fillets of beef served on 
fried crotitons. 

Tourte (tdort) — Fruit pic; as tour te 
aux (de) pommes, apple pie. 

Tourbot (toor-boh) — Turbot, 

Tranche (trongstUjr-Slice. 

Triiffes (trUf)-— Truffles. 

Trulte saumonde (trweet soh-moh 
neli) —Salmon trout. 

VEAU (voh)— Veal. , t 

Venaison (ven-eh-zony) — Venison. 

Viande (vee-ongd)— Meat. 

Vin (vany)-— Wine. . _ „ 

Vol au vent (vol-oh-vong)— -Puff pash 
crust, enclosing meat, fi®h, fowl < r 
fruit. 

Volatile (vol-I)— Poultry. 
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By ANTOINETTE MEELBOOM 


LJOW to take measurements and make pat- 
4 * terns for children’s bonnets lias already 
been treated [page 476S], and we must now 
proceed to the cutting, making, and trimming. 

Three points must be remembered in all 
children's millinery: simplicity and lightness 
of style, softness of foundation, and softness 
of material. 

Shape foundations are usually made of do- 
mette, leno, book muslin, or still net. The 
materials used are generally swansdown cloth, 
bengaline, cashmere, corduroy, line cloths, and 
Japanese silk. 

The head lining should be of sarcenet or 
mull muslin. The trimmings may be of swans- 
down, different kinds of white fur, lace, em- 
broidered chiffon, baby ribbon, ruehings, 
ribbons, quills, tips, appliques, pompons, etc. 

It is best to use washing ribbon for children's 
bonnets and pelisses, it is made 
in two widths, 3 in. and 5 in. / \ ? 

wide, and is uncrushable and / 
washes well. fn appearance it ( 
resembles a surah ribbon, and it \ \\ yV \ 
is mado in white and cream. \ \\ 

A Baby’s Bonnet. A baby's V 

first bonnet can be made in the / 

shape of a hood [180]. Cut two jgQ baby’s 

pieces of material the same as bonnet 

pattern, and stitch together 

round the edge, the right sides 

inside, cording it between if * 

preferred. Cut away the head 

part of one to about 3 in. 

from the edge. Turn it on 

to tho right side, and tack a 

layer of wadding, domette, or 

flannel over the singly material 

in the centre. Face this with a /F\ 

piece of sarcenet silk, and run or 

machine-stitch a sarcenet ribbon 182. boy’s 

on both sides over the cut edges. 

Mark the contrc-front and back, \ \ 

and make an eyelet hole in the n A \ \ 

ribbon at those places. (l! '! I 

Run in China ribbon, secure \\Ul 1 n fjftf I 

it at each side, pulling the J 

ribbon front and back to the ^ 

size of the baby’s head. Trim jgg xyxjtoh 

the bonnet witn swansdown or bonnet 
lace, and sew on washing ribbon 
strings, and a cap front, which can be bought 
ready made or can be very easily made by hand. 

Cap Front. A cap front is made of fine 
net edged with lace, or lace about in. wide. 
Cut two strips of net edged with lace 36 in. long, 
and pleat it in close boxpleats or quill, making it 
a little fuller on the top, and catching in the ends. 
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180. BABY’S 181. VELVET 


182. boy’s riCTUBE HAT 
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Bind the edge with a strip of firm muslin, 14 in. 
long when made, the usual length of those 
cap fronts. This pattern can be enlarged or 
reduced, and it is made without any wire. 

For summer wear, embroidered cambric, 
muslin, narrow rows of Valenciennes lace sown 
together with fancy stitch in silk, or all lace, can 
be used, left transparent or lined with a thin 
silk lining of white or coloured silk. 

For winter wear [181] the bonnet can be 
made in velvet, embroidered by hand, or of 
bengaline silk with fancy stitching, or cloth, and 
trimmed with fur or lace appliques. Those 
bonnets can he kept quite plain, with only a 
silk cord round the edge. Large soft silk rosettes 
at each ear give a pretty finish becoming to some 
children's faces. For others the rosette will look 
better if placed higher. When using washing 
materials make them up in tho same way, 
but use no stiffening. 

Baby Girl’s Bonnet. The 
materials required for a baby 
't*M ’ girl’s Ibst bonnet are l yard of 
\ 1*' 4 H i U ! s dk, 2J yards of lace 1 in. wide, 
y art * s insertion, l J yards 
ribbon, and some twist. The 
bonnet can he made without a 
81. velvet shape, with only a narrow hand 
bonnet ' double muslin A in. wide, 
measuring about 14 in. long 

f ~ "n. (measurement, from ear to ear 

■f % , round front), and 1 1 in. long from 

[- ff), ear to ear round back. This slip will 

give the required firmness round 
SS** the edge and help to keep the 

y bonnet in position. Bind the 

edge with sarcenet ribbon or 
narrow silk to make it quite 

neat inside. 

For the crown cut a strip of 
ctukb hat silk 15 in. wide and the width of 
the silk on the straight. Make 

f three J -in. -wide tucks, insert a 

strip J in. wide of Valenciennes 
, insertion lace, and continue till 
there are three rows of insertion 
and four sets qf tucks. Gather 
f the edge to size of band round 
184 polo * acc * anc * draw U P lucks tcv 
c ’i Al > shape. 

Gather the remaining edge, 
leaving about 2J in. at each end, join neatly, and 
arrange the gathers round a piece of muslin cut in 
a round about the size of a half-crown. Cover this 
with silk and trim it. Sew the lower edge to 
the band, which will form the back of the bonnet. 

As no head-lining is required, cut another 
round of silk and slip-stitch it neatly over the 
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round inside the bonnet, to keep it quite neat it in the bonnet. Cover the coronet with the 

inside. Cut a strip of silk on the cross about 6 in. material and face it inside with silk. Slip-stitch 

through. Fold this in half and lightly run a the edge of the coronet to the edgo of bonnet, 

niching of silk or chiffon, or a frill of Valenciennes and make a quilling of laco, chiffon, or ribbon 

lace, on the double edge. Mark the centre and and sew on front. 

slope the ends to U in. Pleat this frill in box- Trim the coronet with hand embroidery, laco, 
pleats round the front of bonnet, keep- . appliques, or edge it with fur or kilted 

ing most of the fulness to the top, and ribbon. Another pretty method is to 

finish it off with narrow niching all cover tllc coronet gathered or 

round the bonnet-. The strings may “l 1 gauged silk or chiffon, or with velvet or 

then be sewn on. [f velveteen, hand embroidered. 

Baby Boy's Hat. For the founda- ift5 Instead of coronets, a very full ac- 
tion of a hat suitable for a baby boy 7 cordion- pleated silk material, cut on 

make a band the size of the “hild’s head man-of-war the cross, doubled and lined, and cut, 

in double book muslin or net. Cut a HAT narrower at the ears, or gathered or box- 

circle, 14 in. to IS in. in diameter, pleated, may be made and sewn 

of the material, interlining it, V IL ~ " \ to the front of bonnet. With a 

and use sarcenet for head lining. :r ~ ~ ~.'l : r - - - — very full front it looks better 

Gather it round the edge and \ to have the back fancifully 

sew to band. Trim with a ruche \ \ draped or gauged, 

of lace or ribbon round band, \- _ Boy's Man-of-War Hat. 

a rosette, quill, or pompon. Vr. _ ri V The only measurement required 

Slip-stitch the head lining round \ ’ * \ for a boy’s man-of-war hat .is 

band. Finish with lace cap- — the size of the head. Half a 

front, and strings. 186. silk frills yard of double-width material 

These hats can also be made will make two hats. The other 

•with full crowns, and box-pleated silk or ribbon materials needed are buckram, 1 \ yards of 

about 5 in. wide, edged with swansdown, can be ribbon, canvas, wadding, J yard sarcenet or 

used for brim. For trimming, turn up the brim satin f 185 J. 

from the face, holding it in place with pompon or Cut. two circles 10 in. to 12 in. in diameter 
rosette. in material, muslin, and lining. 

For older boys white felt hats with dome or Make a band 1 in. to 1 J in. wide of buckram or 
square crowns are suitable ( 182]. Line the brim double canvas, or of linen for washing hats, and 
with gauged silk or chiffon, or only the edge can in length l in. longer than head size. Join and 

be trimmed with gauged tucked silk, about U in. wire top and bottom. Mull and cover with 

wide on either side when finished. Place a material. 


ribbon ruche round crown and finish with tips 
(coming over brim in front, where it is caught to 
the crown), a rosette of soft silk, strings, and cap- 
front. 

Small polo caps [184] covered in bengaline, 
and simply trimmed with a large soft silk rosette 
on one side, are also much worn. 

Dutch Bonnet. Little Dutch or Puritan 
bonnets are suitable for little girls of from two 
to four years of age [183]. These have generally a 
coronet, of which there are a great variety of 
shapes [48, 50, page 4707]. 

Cut the pattern in buckram, without turnings. 
Wire round the back part, leaving 1 in. at each 
side. Wire-stitch the front, on to the back, and 
then wire all round the bonnet, nipping over 
the 1 in. left at each side and overlapping 
the wire for 2 in. at the centre- hack. 

Mull all the edges and wire and mull the coronet, 
which is covered beforo it is sewn to the bonnet, 
in the same way. 

Covering the Shape. To cover the 
shape place the material with the front to 
the cross, allowing } in. turnings all round. 
Cover the back part of bonnet first, fitting it 
carefully and sewing the turnings to the front 
of the bonnet. 

Fit the front part, turn in tho edge at back, 
and fit it tightly round the edge of the shape. 
Catch-stitch the turning on the inside of the 
buqkram in front. Then cut the lining the 
shape as pattern, make up and slip-stitch 


Having finished the foundation, place two 
pieces of material with the right sides facing each 
other. Take two circles of canvas, each padded 
with a layer of wadding ; tack t he head-lining over 
each circle, and quilt- with the machine, each 
piece in one direction only. 

Place one piece of canvas and lining above, 
and one below. Mark the size of the head-line. 
Cut out carefully, allowing l in. turning beyond 
the head-line, one piece of lining, one of canvas, 
and one of material. 

Machine-stitch round outer edge, which can he 
first corded by placing a crossway piece of 
material with cord tacked in ; place this between 
the two edges of the material, with the turning to 
the outside, the cord towards the centre. Keep it 
in a good shape while doing the. outside edge. 

The band is made of a strip of buckram, 1 in 
to 1£ in. wide, and, in length, the size of head, 
plus 1 in. for turning. Join in a round, and 
wire top and bottom. Mull and cover with cloth. 
Sew the crown to band, and linerhe band neatly, 
or machine carefully just above and below tin- 
wire of band. 

Trim the hat with the ribbon, which usually 
has the name of a man-of-war stamped on in 
gilt letters. 

A washable man-of-war hat is made in tin 
same way. White drill, piqu6, or bengaline ’ J 
used, and white canvas or linen used for intei 
lining. The band should not be wired, but mad- 
of double canvas, covered with drill, cut twn • 
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the width of the band, plus \ in. turnings. Place 
the canvas between, tack and turn in the £ in. 
turning. Place the crown between, tack and 
machine -stitch crown to band. 

In bengaline or any other white material 
which can be dry cleaned, the band may be made 
as in the first method described. 

Boy *s Tam-o’-shanter. The only 
measurement required for this is the size of head. 
The materials required are buckram, £ yd. each 
of cloth, muslin, and lining. 

Cut circles 14 in. to 18 in. in diameter in 
material, muslin and lining. Make the band in 
buckram, \\ in. wide, joined in a round, wired 
top and bottom, and mulled. 

Pleat on muslin lining, hoxplcat centre -front, 
back and sides, with the remainder of fulness in 
small pleats between, and pleat or gather the 
material to it. Mark the halves and quarters, 
and run in tho edge three or four rows of gathers. 
Line the band, and trim it with ribbon, rosettes, 
quills, or tip. 

• The elastic for boys’ hats must not bo 
forgotten. 

Girls’ Liberty Hats. Liberty hats an' 
made of Liberty or Japanese silk. A fair sized 
bat, with frills at edge, will take from 2J yd. of 
•30-in. -wide silk. They are exceedingly pretty 
made in white for young girls’ wear. For 
adults, these gathered and drawn hats can be 
made in net, plain or spotted, chiffon, and in a 
variety of other materials. 

They take 2£ yd. to 3J yd. of 
30 -in. -wide silk, a ring of strong 
white support wire, and one reel 
of strong machine silk (the \ oz. 
reels are the best), buckram for 
head-band, stiff muslin or net 
for the crown, and sarcenet for 
the head -lining. 

The measurements required 
are the size round head, and, if 
possible, the diameter of a large 
hat that suits the girl for whom 
it is intended. 

The width of the brim will be 
according to the size of the 
head — the larger the head-line, 
the wider the brim. Little girls 
have the brim the same size all 
round. Older girls have the 
brims made slightly narrower at 
the back. 

Preparation of Silk for 
Brim. The silk may either be 
cut on the cross, or straight. 

The first is better when frills are 
required at the edge ; the latter 
when more than one hat is to be 
cut from one length of silk. Silk 
on the straight is also easier to manipulate and 
join. The length will be two and a half times 
the circumference of hat. t 

To al}ow of its being made up double, cut the 
silk twice the width of the brim. Allow \ in. 
extra for each tuck, and double the width of 
each frill at the edge. Join it in a round and 
press all the seams in one direction. Mark 


the half and quarters. Fold in half and tack 
the raw edges together. 

Mark with lillikins the width of frill, 1 in. to 
2 in. round edge. If a double frill is required at 
the edge, pin and tack. Mark \ in. away from 
first marking- this will be for the first casing. 

The space between the two lines of running 
must be just wide enough to allow the wire to pass 
through double at its end [186]. 1 f made wider, the 
gatherings will not look well when drawn up. Jf 
made narrower, the wire doubled at the end will 
not pass through, and it will give a great deal of 
trouble to finish off. Mark the remainder of 
brim, leaving 1 in. to 1£ in. plain between each 
easing. The last easing must be about 1 in. 
from head line. Thread the needle with strong 
machine silk, using it from the reel, as it is less 
likely to got knotted or broken, and tly-run the 
whole length, beginning from the back. 

Pull the silk out to its full length before cutting 
the twist. Fly-run the other casings in the 
same way. 

Wiring the Brim. To wire the brim, cut. 
off the wire for head-line, plus 2 in. for wrapping. 
Allow plenty of wire for each easing, and 10 in. 
extra in length for each 1 in. space left between 
the casings. Bend round the wire l in. at end, 
and bind it with cotton to prevent the silk 
filament from slipping. Then, from the back, 
make a little cut in the silk, or undo a few stitches 
in the seam. Push in for a few inches each wire 
as it is cut off, to prevent the 
different lengths from getting 
mixed. Pusli in the wires, ail at 
the .same time , in the direction the 
seams have been pressed. 

.loin the head- wire first, over- 
lapping the wire for 2 in. Stitch 
through the silk and loop of wire 
on the underside of brim with 
str< >ng eo t ton. Draw some fulness 
over the wire before joining. Draw 
up each wire in turn, and stretch 
the silk quite tight between tho 
wires. Draw up the t wist on each 
side of the wire and fasten off 
securely. 

Brims may he made fuller- 
looking by running tucks on the 
upper and under brim. These 
will he run separately in front 
of the first row of easing. Hats 
with brims of this description 
require little trimming. 

For a brim narrower at tho 
back than at the front [187], 
make a paper pattern with the 
brim 1 in. to 2 in. narrower at 
hack, graduating the runners 
from front to back. 

Crowns for these brimB are generally low and 
full on a tam-o'-shanter foundation [187]. Make 
a head- band and pleat a net or leno crown to 
it of about 14 in. diameter. 

For a large tam-o’-shanter crown, a round, cut 
the same size as brim, including frills, will make 
"the silk for crown in proportion to the brim [188]. 
This can be left plain or embroidered, or trimmed, 
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as preferred. Turn it in and gather round the 
bottom three times and sew to side-bands. 
This can be tucked in various ways, but the 
material must- be tucked before cutting the 
circle. 

Another method is to use a crossway piece of 
silk twice the circumference of foundation crown, 
for which the corners of silk left from the brim 
can be utilised. Join it in a round, and make the 
width about 3 in. more than the length from 
centre to crown to bottom of head- band. Turn 
in the edge round bottom and fly -run three times. 
FJy-run along the other cut- edge five or seven 
times. 

Draw up each gathering thread at top and 
secure to crown. The silk at the sides should fall 
loosely over the net crown. Finish the space in 
the centre with an applique of lace. 

If a shaped crown is preferred, cut 
the side-band and tip to shape*. 

Gather the silk to tit sides band and 
have the tip with full frill round 
the edge. 

Trimming, Make a large* 
bow across the front, of silk, 
machine-stitched or slip-stitehe*d, 
or rosettes, one under and one e»n 
top of brim. Young children wear 
strings of chiffon or silk cut on 
the straight. 

If the brim is turned away fre>m 
the face with a rosette* and a tip 
coming over the brim, the* effect 
is very pretty. A few small daisies 
or a bunch of forget-me-nots make 
a change from an all-white hat. 

Hats can be made in velvet in the same way, 
allowing a little less fe>r fulness, to keep them 
light. Velvet hats made over a sparterie shape, 
with gauged lining, trimmings, and strings of 
chiffon or erepe-de-Cliine, make becoming chil- 
dren’s hats. 

Drawn hats in glace, taffeta silk, or net, are 
most effective made with raised casings [189]. 
For these, cut, three lengths on the cross, in. 
wide. Join and machine-stitch one edge, making 
a narrow hem. Valenciennes or imitation 
Maltese lace, about 1 in. wide, can be stitched on 
at the same time. This is for the frill. Cut 
throe strips 9 in. through on the cross. Join, 
and press the scams all one way. Make a 
narrow hem on one side and machine-stitch 


it. Make a tuck 2J in. from the edge that 
has been machine-stitched. Then make three 
more tucks, leaving 1 in. between. 

• Push the wire into the tucks, fasten securely 
in the same manner as for a drawn hat, and pull 
up the twist. Make the head- band and crown. 
Halve and quarter the 3£-in. strip of Bilk ; gather 
and sew on near the first tuck at the edge to 
make a double frill there. 

Line with gauged chiffon, leaving a heading of 
about 1^ in. Trim with chiffon strings, tucked 
and gathered at the ends, chiffon rosettes, and 
tip or small daisies. 

These hats may be made of net or chiffon, 
with raised casing. Push in the satin wire, and 
finish the edge with rows of straw or crinoline. 

Girls* Hats. Girls’ school hats in cloth or 
velvet are made in the same way 
as described in Shape Making and 
Covering [p.4768]. Children’s straw 
hats are made the same way as those 
for adults. As a rule, young girls 
look best in a large hat with simple 
trimming, such as a wide bow 
across the front, rosettes, or, for 
summer hats, floral mounts, and 
so on. 

Children’s Bonnets. Large 
bonnets [ 190] in straw, of the 
Veronique type, close-fitting at 
the back, with full frill in front, 
can be made in silk or straw. The 
straw is worked in three pieces, 
and the back is started by sewing 
two pieces of straw together and 
working another two or three 
rows till the size of the pattern is attained. 

Work the front on to this, cutting each row and 
leaving the straw of the outside long enough to 
go round back, and finish at the other ear. 
Make a long straight piece of straw by sewing 
several lengths together, and pleat this to front 
of bonnet. The fronts are often curved, in which 
case make a paper pattern and sew the straw to 
that shape. 

Line with gauged chiffon or silk muslin, and 
trim with rosettes, flowers, or ribbons; Such 
bonnets, of course, have strings. Older girls 
sometimes have ribbon strings tied behind, 
hanging down the back instead of being fastened 
under the chin, although the style is not becom- 
ing to every type of face. 
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By HERBERT J. 

THE PARABOLA 

A Diameter of a conic is the locus of the 
middle points of a number of parallel chords. 
The diameters of conics can bo proved to bo 
straight lines. 

One diameter is conjugate to anothei when it 
bisects chords parallel to th * other. 

The Ordinate of any point to an if diameter is 
the line drawn to the diameter from the point, 
parallel to the conjugate diameter. 

The Parameter of a diameter of a parabola is 
the focal chord which the diameter bisects. 

The Suhlanyenl at any point is that portion of 
the axis which lies between the tangent and the 
ordinate of the point. * 

The Subnormal is that portion of tlio axis 
between the normal and the ordinate. 

Proposition 78 

J/PN in the ordinate of a point P on a f*am- 
bola then PN 2 •■= 4 AS . AN. 

For 

PN 2 +SN* -= KP J (Prop. 34) 
- PM- (Def. of 
paiabola) 

= XN-. 

PN- + (AN - AS) 2 ~ (AN 
+ AS) 2 - (AN - AS) 2 + 4 
AS . AN. 

Hence, PN 2 — 4 AS . AN. 

Proposition 79 

The locus of the middle points of any number 
of parallel chords of a parabola is a straiyht 
line jxtrallel to the. axis. 

Let QQ' bo one of the j| chords. Then, since 
QQ' is a fixed direction , the 
lino ZSY drawn through S 
J. to QQ' will meet the direc- 
trix in a fixed point Z. There- 
fore tho line ZV, || to the axis, 
is a fixed straight line. 

Now, ZM- - ZQ 2 - QM 2 
(Prop. 34) ZQ 2 - SQ 2 — (ZY 2 
+ YQ 2 ) - (SY 2 I- YQ 2 ) - ZV 2 
-SY 2 . 

Similarly, ZM' 2 - Z Y 2 - S Y 2 . 

ZM = ZM', and hence QV=Q'V (Prop. 

“ / )• 

Thus, ZV, a lino || to the axis, bisects QQ', a 
chord X to ZS. In the same way ZV bisects 
all other chords X to ZS. 

Proposition 80 

The parameter of any diameter of a parabola 
is four times the focal distance of the end of the 
diameter . 

Let the diameter PV meet its parameter 
QSQ' in V, and the directrix in Z. Then ZSQ 
is a right L (Prop. 79). 



ALLPORT, M.A. 

Since SP-PZ, i_SZP — l ZSP. 

their complements are 

equal. 

L S V P — Z.PSV. 

SP - PV. 

Hence, 

ZY - 2 SP. 

Now, since ZM - ZM', and 
MQ, ZY, M'Q' are ||s, if can 
easily be proved that MQ 
+ M'Q'-- 2 ZV. But, by the 
delinition of a parabola, MQ 
SQ 4- SQ' — QQ'. 

X QQ' - 2 ZV --- 4 SP. 
Proposition 81 

be the ordinate of any diameter PV, 
PV. 



+ M'Q' = 


If QV 

then QV 3 — 4 SP 

Let PV meet its parameter in V' and the 
directrix in Z. Then 
ZS is X to SV'and QV. 
Draw QF X to PV. 

Then QF 2 = MZ- 
- ZY 2 - SY 2 (Prop. 
79). 

But, by similar As, 
QF ZY SY 
QV ZV V'V 
QV 2 -ZV 2 - V'V 2 . 
But SP - L*Z - PV' (Prop. 80). 

■ ZV - PV + SP, and V'V - PV-SP. 

QV 2 — (PV I SP) 2 - (PV-SP) 2 

— 4 SP . PV [Arf. 00, page 2749]. 
Proposition 82 

The tanyent at any point of a parabola bisects 
the anyle betireen the fond distance of the point 
amt the diameter produced. 

Let tho tangent at P meet the directrix in Z. 
Then L PSZ = a right L (Prop. T2). 



lx** ^ 
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Hence, the right-angled As PSZ, PMZ have 
a common hypotenuse, and the side SP= side 
PM. 

* ^SPZ lMPZ (Prop. 20). 
Corollary 1. _STP- z-TPM (Prop. 12) 
= lSPT. ‘ 

ST- SP - PM = XN. 

ST- AS- XN-AX; 
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or AT= AN. 

NT = 2 AN. 

Hence, the subtangent is twice AN. 

Corollary 2. If PQ is a focal chord, and PM, 
QM' arc _L to the directrix, then the tangent at 
P bisects the ^.SZM, and the tangent at Q 
bisects the L SZM'. 

PZQ is half the sum of lb SZM, SZM'. 
l PZQ is a right l . 

Hence, tangents at the ends of a focal chord 
meet at right angles in the directrix. 

Corollary 3. Let PG be the normal at P. 
Then, since L SPT - ^.STP. 

their complements are equal. 
l SPG — L SGP. 

SG SP- PM - XN. 

subtracting SN, we have NG — SX — 2 SA ; 
or, the subnormal is equal to the semi-latus- 
rectum. 

Proposition 83 

If Y is the foot of the perpendicular from the 
focus 071 the, tangent at P, then V lies on the 
tangent at the vertex, and, SY-— SA . SP. 

Draw the tangent at the vertex, and let it 
meet PT in Y [see figure of Prop. 82]. Join 
SY. Then AN - AT (Prop. 82). 

YP- YT (Prop. 2b). 

As SPY, STY have the sides SP, PY equal 
to ST, TY and the z_SPY - /.STY. 

As are equal. 

Z.SYP — L SYT and each is a right L . 

Thus, the tangent at the vertex passes through 
the foot of the perpendicular drawn from S to 
the tangent at P. 

Again, YA, YP subtend equal angles at Die 
focus (Prop. 74). 

And right L SAY - right .lSYP. 

As SAY, SYP are similar. 

SA:SY-SY:SP; 
or S Y 2 — SA . SP. 

CENTRAL CONICS 


Hence, from (1) and (2) 

CS : CA s=.CA :CX; 
so that CS . CX = CA 2 . 

In a similar way, the same result can be 
proved for the hyperbola. 

Proposition 84 

In a central conic , if PN be the ordinate of 
any point P on the curve, then the rat in 

PN 2 : AN . A'N 
is constant. 

Let AP and 
A'P, or these 
lines produced, 
meet the dircc 
A » trix in Z and Z'. 
Join SZ, SZ\ 
and draw PM 
± to the direc 
trix. 

Then SP ; PM~ SA' .* A'X ( Def. of a conic), 

sp : SA' - pm : A'X ‘ 

- PZ' : A'Z' (Prop. 56). 

SZ' bisects the Z.PSX (Prop. 55). 

Similarly, SZ bisects the Z..QSX 
ZSZ' is a right L . 

ZX . Z'X- SX 2 (Prop. GO, Cor.). 

Again, by similar triangles, 

PN : AN - ZX ; AX 
and PN I A'N Z'X : A'X. 

PN 2 .* AN . A'N - ZX . Z'X : AX . A'X 
= SX 2 : AX . A'X. 

But SX, AX, A'X are all fixed. Therefore 
PN- : AN . A'N is constant. 

Corollary. Let OB be _L to CA. Then, 
if P be taken in the position B, the ratio 
PN- : AN . A'N becomes BC 2 : AO 2 ; so that, in 
an ellipse, PN 2 : AN . A'N - BC 2 ; AC 2 . 

In the hyperbola, the conjugate axis docs not 
meet the curve, but if BC is of such a length 
that BC 2 : AC 2 -- SX 2 : AX . A'X, BC is still 
called the semi-conjugate-axis. 



It has already been shown that central conics 
have two vertices. They also have two foci. I f A, 
A' are the vertices, S a focus, and X the point 
in which the axis meets the directrix, then, 
by making A'S' equal to AS, and A'X' 
equal to AX, the curve can equally well 
be described by using S' as focus, and a 
line through X', perpendicular to XX', 
for directrix. 

In a central conic, AA' is called the 
trail s v e r s e 

— 3-2 f x axis; w h i le the 

straight line through 
the centre, perpendicular to AA', is called the 
conjugate axis. 

Segments of the Transverse Axis. 

In an ellipse, whose focus is S and vertices 
A and A', we have 

SA' ; A'X - SA : AX. 

SA' : SA - A'X : AX, 
and SA' 4- SA : SA - A'X f AX ; AX, 

I.C., AA' : SA - XX' : AX. 

.\ ca : cx - sa : ax. . . m 

Again, SA'-SA : SA =A'X-AX;AX, 
t.«., SS' : SA = AA' : AX. 

cs : ca = sa : ax. . . (2) 


Proposition 85 

The sum. or the difference of the distances from 
the foci of any point on a central conic i> 
constant , and equal to the. transverse axis. 



Through P draw MM' || to the axis. 

Then SP : PM = S'P I PM' = e , where e equals 
the eccentricity. 

SP - e . PM, and ST - e . PM', 
in the ellipse, SP 4- S'P = eJ,VM 4- PM') 

= e. MM' — e. XX' 

and, in the hyperbola, 

ST - SP ~ e (PM' - PM) 

= e . MM' — e . XX' 
Hence, in the ellipse the sum of the f ()C:ii 
distances is constant, and in the hyperbola then 
difference is constant. By taking P in the 
position A, it is evident that this constant 
quantity is A A', the transverse axis; ’ 
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Geometry concluded ; followed by Trigonometry 
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CONJUNCTIONS — continued 
Different Meanings of Conjunctions 

HTHE same conjunction may be used to indicate 
* different relations, as will be seen from the 
following examples : 

Che. The conjunction che may be used with 
the meanings : 

1. Final: Accendde il lame, oh 'to possa rail re. 
Light the lamp, that 1 may be able to see ; Variate 
ad alta voce, cue tutti capiscano , Speak aloud, that all 
may understand. 

2. Causal : Son contento cue sei vena to a cam 
presto , l am pleased that you have come home early; 
Chin date la fi nostra, cue ja trap}*) fnddo , Shut the 
window, because it is too cold. 

Note. The che (final or causal) may also be 
written with a grave accent. 

3. Temporal: Venue a cam cue era no yid le, 
undid , He came home when it was already eleven ; 
Sono qumdici giorni che piove. sempre, Tt has been 
raining for a fortnight. 

4. Consecutive: Quel signore parla cue non si 
capisce, That gentleman speuks so that one cannot 
understand him ; Questa valtyia e cost pic cola, cub 
non e'entra niente , This portmanteau is so small 
that nothing will go into it. 

The conjunction che, in subjective or objective 
propositions, may be sometimes omitted : Sembra 
(chc) non d sia altro. It seems that there is nothing 
else ; Temo (che) non riesca a convincerlo , I fear that 
he will not succeed in convincing him. 

It. is, however, a rule to omit the che. in propo- 
sitions preceded by another che : Prcse le quattro 
povere bestie, e le diede a Renzo , con unocchiata di 
compassione che par cm (che) volesse dire. : bisoy na 
che In Vdbbia fatta bella , She took the four poor 
beasts and gave them to Renzo, with a pitiful look, 
which seemed to mean, “ You must have done 
something serious.” 

The che united to adverbs, prepositions, or other 
words, in compound conjunctions may be some- 
times understood. Le scrivo subito , acrid (che) 
ndppia come regolarsi , I am writing you at once, in 
order that you may know how to conduct yourself. 

The relative che can never be omitted in Italian, 
as is often done in colloquial English : / libri che 
abbiamo comprato. The books (that) we have bought ; 
Le due sterline che mi prestaste , The two pounds (that) 
you lent me. 

The conjunction che preceded by the negation 
non (non che) is translated in English by “ far 
from;” "not to speak of,” "to say nothing of,” 
and similar expressions: Don Abbondio, non che 
pensarc a trgsgredire una tal legge , si pentiva anchc 
del? av&r darlato con Perpetua, Don Abbondio, far 
from thinking of transgressing such a law, even 
p repented that he had spoken with Perpetua. 

E. The copulative conjunction e may also be 
used with an adversative moaning, as : Disse che 
sarebbe vemito e (ma) non & venuto , He said he would 
come, but he has not ; Dovcvo scrivcrgli e (/ na ) non 


gli ho scritto , i had to write to him, and (but) I have 
not written. 

Sometimes the conjunction e is used with the 
meaning of anchc (also): Sc in jtarlo, e lai parla; se 
in sto zitlo, c. lui sta zitto , If I speak, lie also speaks ; 
if I am silent, lie also is silent. 

The English expressions so do 1 , so do we, so am 1 , 
neither do /, etc., are rendered in Italian by (e) aneh'io, 
etc. ; (c) nemmeno io, ole. Examples: I am hungry 
— mo am 1, lo ho fame — aneh'io ; I don’t believe it — 
neither do I, Io non ci credo — nemmeno io. 

Se. The conjunction so (and sometimes also the 
adverb come) may be used instead of che : Scusvrai 
se non te Vho scritto prima , You will excuse me if I 
have not written it to you before; Mi hanno raccon- 
tato come tntto sia finite) tra mi due , They have 
told me that everything is over between you two. 

Perch e. Perehe is often used instead of afjin - 
che , in order that: Avvirindteri perehe io possa 
vi tier meglio. Come, near, so that I may see better. 

Eskruizio di Lettur a -continued 

A siffatta 1 propost a, l’indignaziono del frute, 
rattenuta a slento tin allora, tra booed. Tutti quei 
bei proponimenti di prudenza o di pazienza 
andarono in fumo* : l’uomo vecehio si trovd di 
aeoordo col nuovo ; e, in quei easi, fra Cristdforo 
valeva verameiito per due. 

“ La vostra protezionc!” eaelamo, dando indietro 
due. passi, postandosi fieramente sul piede destro, 
mettendo la dcstra* su I’anca, nlzundo la sinistra 4 
eon Hndiee teso verso don Rodrigo, o pianttindogli 
in f&ccia duo ocelli infinmmati : “ la vostra pro- 
tezione ! E meglio che abbiate pnrlato cosi, che 
abbiate fatta a me una tale proposta. Avete 
eolmato‘“ la misura e non vi temo piu.” 

“Come parli, frate?” 

" Parjo come si parla a chi e abbandonato da 
Dio, e. non pud pid far paura. La vostra prote- 
zione ! Sapcvo bene che quella innocentc e sotto 
la protezionc di Dio : ma voi, voi me lo fate sentiro 
oru, con tanta certozza, che non ho piu bisogno di 
riguardi a parlarvene. Lucia, dico : vedete come 

10 prondnzio questo nome con la frontc alta, e con 
gli oechi immdbili.” 

“ Come ! in questa casa ... ! ” 

“ Ho eompassione di questa casa ; la male- 
dizione 1c sta sopra soa])csa. State a vedere che la 
giustizia di Dio avrd riguardo a quattro pietre 
e suggezione di quattro sgherri. Voi avete 
creduto che Dio abbia fatta una ercatura a sua 
immagine, per d.trvi il piacero di torment-aria ! 
Voi avete creduto che Dio non saprebbe difdnderla 1 
Voi avete disprezzato il suo avviso ! Vi aiete 
giudicato. Il cuore di Faraone era indurito quanto 

11 vostro ; e Dio ha saputo spezzarlo. Lucia d 
sicura da voi# : ve lo dico io povero frate ; e jn 
quanto a voi, sentite bene quel ch’io vi prometto: 
Verrd un giorno . . . ” — continued. 

Notes. 1. such ; 2. andare in fumo , to vanish 
away ; 3. right hand ; 4. left hand ; 5. fitted up ; 
6. is safe from you. 

tm 


IRREGULAR VERBS 
Third Conjugation 
Apparire, to appear 

Ind. Pres. — A pparisco ( appdio ), appnrisci and 
appari , apparisce and appare , appariamo, appnrite , 
ap^jariseww and appaiono. 

Past Dej. — Apparvi.apparsi and apparii (regular); 
apjtarve , apparse and appari ; appdrvero, appdrsem 
and apjtarirono. 

Subj. Pres. — Appnriscn and appdia, cte., third 
person plural : appari sea no and appdia no. 

Impcrat. -Apjiarisci, appnriscn , etc. 

Past Part. -Appnrso. 

Pres. Part. — A p/Mtrnite. 

Comparire, to appear 
Pres. I ml,- (■ omparixco , com parisci, coin par isre, 
etc. [sec apparire above]. 

Cucire, to sew 

This verb preserves the soft sound of the c 
throughout the conjugation. 

Ind. Pres. — Cdcio , cuci, nice . , cuciamo , cue He, 
citciono. 

Past Dej. — Cucii , cucisli , etc. 

$?//>;. Pres.— Curia, cite in, etc. 

Impcrat. — Cuci, curia , etc. 

Inserire, to insert 
Pres. /wrf. — Inserisro , inserisri , etc. 

/Vl#/ /><?/. — Insert! , inscristi , etc. (regular). 

Pewf Part. — Inserito (hi serin). 

Morire, to die 

ind. Prm — ^l/urno, muoro (rnoio) ; munri (inori). 
mnore ; moriamo , inorite, inudiono [moio no). 

Jrn per/. — 47 or/ eo, etc. 

Pa.*/ /)«*/. — Morii, moristi , etc. 

Future — Morird or morrd, inori rat or morrai, 
morird. or morrd, etc. 

Prm — Aludia (nidi a), etc. 
lmperat. ■ - 47 Mori, m u dia , et e. 

Condit. — Morirei and marrei , etc. 

Past Part. — Morto. 

Pres. Part. — Alorcute (moriente). 

Geru nd. — 4/ ore ar/o. 

Note. This verb, when conjugated with the 
auxiliary avere , to have, means to kill. 

Percepire, to conceive 
Ind. Pres. — Perce pisco, per cr pise i, etc. 

Past Part. — Perce pito (percctto). 

Seal fire, to scratch 
Pres. Ind. — Scalfsco, scalfisci , etc. 

Past Part. — Seal fit to. 

Scomparire, to disappear [see apparire] 
Scucire, Sdrucire, to iinsew [see ewcircj 

Seppellire, to bury 
Pres. Ind. — Seppcllisco , etc. 

Past Part. — Se polio (seppcliito). 

Sparire, to disappear 
Ind. Pres. — Sparisco , spa rise i, s pari see, etc. 

Past Dej. — Sparii ( sparvi ), etc. 

Past Part. — Sparito. 

Trasparlre, to be transparent [see sparire , 
above], 

Udire, to hear 

Ind. Pres. — Odo, out, ode , udiamo, udite, odono. 
Jmperf. — Udiw, ndivi, etc. 

Fast Dej. — Udii, udisti , udi, etc. 
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Future — Udird and udrd t udirai and udrd, * 
udirerno and ndremo, etc. 

Subj. Pres. — Oda, oda, oda, udiamo , udiate , 
odano. 

lmperat. — Odi , oda, udiamo , wd*7e, ddano. 

Condit. — Udirei and udrei, etc. 

Pa#/ Par/. — Udito. 

Pres. Part. — Udente (udiente). 

Gem n d. — U de ndo. 

Note. The verb udire changes the vowel u into 
o when the accent falls on the first syllable. Thus : 
Odo , ddi, but udiamo , udite. 

Uscire, to go out 

Ind. Pres. — Esco, esci, csce , vseiamo , uscite , 
f’seono. 

I m per j. V sc i vo, uscivi , etc. 

Past lh f. — Use ii, uscisti , usci, etc. 

Future — Uscird , etc. 

<SV/y. P/m — AA*ca, esea , c#ca, usciarno, usciate , 
eseano. 

lmperat. — P.sc/, rsca, usciarno , uscite , eseano. 

Cond it . — Uscirei, etc. 

Pas/ Par/. — Uscito. 

Note. The verb uscire changes the vowel w 
into e when the accent falls on the first syllable. 
Thus : Esco, isci, but uscidmn, uscite. 

Conjugate like uscire : 11 iu sc ire, to succeed. 

Venire, to come 

Ind. Pres. — Vcugo, vie.ni , vie. tie, veniamo , venite, 
vengono. 

Past Dej . — Ycniii, reuisti, venne , venimmn , 
veniste , re micro. 

Future — Ycrrd , rerrai , rerrd, verremo, vcrrctc , 
verranno. 

Subj. Pres. — T'cH/pi, venga, venga, veniamo, 

veniate, venga no. 

lmperat . — Vicni, venga, veniamo , venite, vengano. 

Condit. — Yerrei , verresti , rerrehbe, etc. 

Pa.s/ Part. — Yenvto. 

Pres. Part . — ( f en ienle. 

Conjugate like venire : avvenirc , to befall ; 
comm ire, to suit; direnire , to become; per venire, 
to attain; sopravmiire , to happen; pre venire, to 
come before, to anticipate ; provenire , to derive ; 
rinvc.nirc , to recover. 

Exercise LIV. 

1. Essi appiirvero vestiti in una maniera cwl 
strana, eho tutti cominciammo a ridore. 2. 
Abbiamo compralo una nuova miicchina da cucire. 
3. L’impressione cli’ egli rieevette dal voder 
l'uomo morto per lui, o l’uoino morto da lui, fu 
nuova e indieibile. 4. Datemi qualche cosa da 
mangiare, perch o mudio di fame. G. II vostro 
servo dev’ essere lin buon uomo, 1’ ho sempre 
udito lodare da tutti. 0. Non sono riuscito a 
ca])iro uua parola di quello cho ha detto. 7. Se 
non piove usciremo ancho noi. 8. Non ho mai 
udito una cosa simile ! 0. I bottoni dclle inie 

camlcie si sono tutti staccati, vi p#go di cucirli 
meglio la prossima volta. 10. Non so capire 
perchd non sia venuto ancora. 

Conversazione 

Perche gli avete dato il permesso di usoire ? 

Io non gli ho dato ncssun permesso; e uscito 
a mia insaputa (without my knowing it). 

Quando siete arrivato ? 

Sono arrivato staraattina, e ripartird stasera 
col treno dcllo nove e quarantacinque. 

E venuto neasuno durante la mia assenza ? 
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Id venuto quel signore tedesco, e ha lasciato una 
lettera per voi. 

Perch& la signora N. non era al ballo 1* altra 
sera ? 

Perohd 6 in lutto (mourning); non e nennneno 
un mese chc lc 6 morto il padre. 

Io mudio Tfi freddo. 

Venga nella mia camera ; c’ e un bol fuoco. 

Aspotti ch’ kbbia finite. 

Kky to Exercise Lit. 

1. My brother and sister have arrived to-day 
from Paris. 2. Why did you not come to the 
station ? 3. Because wc have not been able to 
find a carriage. 4. Do not go away ; wait till I 
come back.* 5. If my father would permit me, I 
should come willingly, fi. My watch costs twice 
as much as yours ; that is one hundred and twenty 
francs. 7. I have forgotten to take my ticket, 
therefore I have not been able to enter. 8. 1 
should go there, if J had time and money. 1). I 
have called you twice, but you have not answered 
me. 10. He never gave himself the trouble of 
returning me the money that lie owes me, 
though I asked him for it several times. 11. 1 
have sent him a registered letter, so lie. 


cannot say that he has not received it. 12. If 
you had arrived before, it would have been 
much better. 

Key to Exercise Llll. 

1. (live me a match, please ; my cigar has gone 
out. 2. Do not let the tire go out, because we shall 
return home soon. 3. The enemy has been repulsed, 
but w r ith heavy looses on our side. 4. 1 am convinced 
that things are as you say. 5. 1 will give you a very 
interesting novel translated from English. 8. What 
do you advise, me, to translate from Italian into 
English, or from English into Italian ? 7. They 

knew each other three years ago in Florence, and 
since then they have always lived together. 8. The 
affair seemed almost concluded, but lately such and 
so many difficulties have arisen, that they have 
deprived me of all hope. P. This is a good chance for 
him ; we shall see whether he w ill this time know 
how to take advantage of it. 10. He has gone to 
America, attracted thither by the hope of great gains. 
11. That friend of mine who succeeded in winning 
a huge fortune at Monte (\arlo has ended by losing 
his last halfpenny. 12. ‘ t This j.y the fable,” saicl 
the old man, shaking his head; “you draw the 
moral out of it.” 


FRENCH 

VERBS 

Agreement with a Simple Subject 

1. Every verb in a finite tense agrees with its 
subject in number and person : Lc canir c Time mere 
est lc chcf-d'auvra clc la nature., A mother's heart is 
N attire’ s ina xte rp ieco. 

2. When a verb lias for its subject a collective 
noun, or noun of multitude, followed by another 
noun in the plural as its complement, that verb is 
in the singular or in the plural, according as the 
leading idea is expressed either by the collective 
or by its complement: V nr nuke de sauterelles 
obscurcit Vair , A cloud of locusts obscured the air ; 
Une nuke de harbarcs desol emit lc pays, A cloud 
of barbarians laid waste the country. 

3. After la jjfupart , whether a plural complement 
is actually expressed or only understood, the verb 
is always in the plural : Quand on cn vint aux voix , 
la plupart se dl.aare.rcnt de man avis. When it came 
to voting, the greater number declared themselves 
of my opinion. 

4. After the adverbs of quantity, pat, bcaucoup, 
mains, assez, trop, followed by a plural, the verb is 
always in the plural : Bcaucoup de, yens pro met lent ; 
peu sayent tenir , Many people promise; few know 
how to keep (their promises). 

5. When peu is preceded by lc, the verb is in the 
singular if lc pen expresses want or deficiency : 
Lc pent de gens avee qui on pent communiquer des 
sciences abstraites men avait degoutk , The few ( — the 
lack of) people with whom one can discuss tho ab- 
stract sciences had put me out of conceit with them. 

When le peu expresses a small quantity, or a 
small number, tho verb agrees with the noun 
following it : Le peu d'amis quo f avals sont venus 
d man sccours, The Tew friends I had have come 
to my help. 

Bins (Tun, though expressing plurality, 
T«qpir©8 th6 verb that follows it to be in the singular : 
Plus 4?un doit son succks d, sa perskvkrance autant 
qu* d son talent. More than one owes his success to 
his perseverance as much as to his talent. 


By Louis A. Barbe. B.A. 

7. The. verb of which tout le tnoude is the subject is 
always in the singular : Tout lc nionde cst sujd a 
Ferre ur, Everybody is liable to error. 

8. When preceded by re, the verb etre is in the 
third person singular if it is followed by a plural 
pronoun of the first or of the second person, or by 
two or more nouns in the singular : (Test nous qui 
avons le plus soufjert de. sa tyrannic. It is wc who 
have suffered most from his tyranny. 

fi. Though preceded by c.e, the verb tire requires 
to be in the plural; if it is followed by a plural 
noun or by a ]>ersonal pronoun in the third person 
plural : Ce junnt les Phut icie.ns qui inventerent 
Fecriture , It was the Phoenicians who invented 
writing. 

10. When the verb etre preceded by ce is followed 
by two (or more) substantives of which one is 
singular and the other plural, it takes the number 
of the substantive nearest to it: Ce sera lc mknxe 
theatre vt les merncs decorations, It will be the same 
theatre and the same decorations. 

1 1. When the verb etre preceded by c.e is equiva- 
lent to the impersonal verb y avoir , it may, if 
followed by a plural noun, be either in tho singular 
or the plural itself : (Fetait (or c'ktaient) tous les 
jours de notivdles plaintcs , There were new com- 
plaints every day. 

12. The verb etre preceded by c.e remains in the 
singular if it is followed by a noun and a numeral 
adjective which, though plural in form, convey an 
idea of unity, and may be replaced by the singular : 
(Test quatre he arcs qui sonnent , It is four o’clock 
that is striking — that is to say, la quatrieme heure , 
the fourth hour. 

Agreement with Several Subjects 

1 . When the subject of a verb consists of several 
nouns or pronouns in the singular, the verb itself 
is in the plural : V hirondclle cl le rossignol annoncent 
le retour du printemps , The swallow and the nightin- 
gale announce the return of spring. 

2 When the various parts of the subject arc not 
of the same person, the verb is in the plural and 
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agrees with the person that has priority. Tn that 
case, it is usual, but not essential, to introduce 
an additional plural pronoun representing that 
person : l r ous et moi (nous) sommes contents de noire, 
sort , You and I are content with our lot. 

3. The verb may be in the singular when the 
various nouns of which the subject consists are 
practically synonymous. 

4. When two subjects are joined either by ni 
or by on, the verb is usually in the plural, unless 
it is obvious that one subject excludes the other : 
Ni I'or ni la grandeur nr nous rendent heureux , 
Neither gold nor greatness make us happy. Ni 
(■orncille ni Racine n'est l' auteur de cts vers , Neither 
Corneille nor Racine is the author of those verses. 

5. A verb having V nn el l. autre for its subject 
must be in the plural : L'un et r autre rapportent 
les mimes circumstances. The one and the other 
( = both) record the same circumstances. 

Complement of the Verb 

1. The same noun may be the compliment (or 
object) of two verbs, provided both verbs govern 
the same case : Les en fonts doirent aimer et respecter 
leurs jxirents. Children should love and respeet their 
parents. Here, parents is the direct- object (or 
accusative) of both aimer and respecter. It is 
incorrect to say : Les enfants doivent Mir et 
respecter leurs parents, because obeir requires an 
indirect object (or dative), whilst respecter governs 
a direct- object- (or accusative). The proper con- 
struction is: Les enfants doirent obeir a leurs jut rents 
et les respecter , Children must obey their parents 
and respect them. 

2. When a verb has several complements joined 
by et, on, or ni, all these complements must be of 
the same kind — i.e., cither all nouns, or all in- 
finitives, etc. : but not one noun and one in- 
finitive: llaime fe chant et le dessin, lie likes singing 
and drawing: 11 dime d chanter et a dessin er. He 
likes to sing and to draw. 

Roth these sentences are correct ; but it would 
be incorrect to say: II dime le. chant et a dessin er, 
He likes singing and to draw. 

3. Tf a verb has both a direct and an indirect 
complement, the direct- complement (or accusative) 
comes first, provided both are of equal length : On 
doit preferer la mart d I'csdarage, We should prefer 
death to slavery. 

4. If the two complements are of unequal length, 
the shorter usually comes first : IS a rare sacrifie d 
V inter et son honneur et sa vie. The miser saerilices 
honour and life to interest. 

Use of Auxiliaries 

1. All transitive verbs take amir for their 
auxiliary : J'ai donne ; tu amis /ini; it aura re^u ; 
vous anriez vend a. 

2. Most intransitive verbs take avoir for their 
auxiliary : II a succombe ; die avail regne. 

3. All reflexive verbs are conjugated with 
Ure in their compound tenses : Jc me suis blesse ; 
vous vous seriez apercus. 

4. The passive voice consists throughout of the 
verb et re with a past participle added to it: II isl 
aimt ; Us out He battus. 

5. The following intransitive verbs are always 
conjugated with Hre : 

Aller, to go ; arriver , to arrive ; choir , to fall ; 
didder , to die ; e choir, to fall due ; eclore , to be 
hatched, to blossom ; entrer , to enter ; mourir, to 
dio ; mitre, to be born ; re parti r, to set out again ; 
ressortir, to go out again ; retourner , to go back ; 
venir, to come ; ana the derivatives r entrer, to 
come back, to re-enter ; devenir , to become ; in- 
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tervenir , to intervene ; parvenir , to succeed, to 
attain to ; provenir , to proceed from ; redevenir, 
to become again. 

0. A certain number of intransitive verbs, 
though almost- always conjugated with Ure, are 
occasionally to be found conjugated with avoir. 
They are : 

Descendre , to go down ; monter, to go up ; partir , 
to set out, to go off ; relomb*r, to fall again ; 
tomber, to fall. 

7. Any intransitive verb used transitively requires 
avoir for its auxiliary : Avez-mus desccndu nos 
bagages ? Have you taken down our baggage ? 

tf. A certain number of verbs, of which the follow- 
ing are the chief, are conjugated with aipir or with 
Ure, according as they denote action or state re- 
sulting from action : 

Accourir, to run up ; cesser, to cease ; changer, 
to change ; cruitre, to grow ; deborder, to overflow ; 
dege never, to degenerate ; disparaitre , to disappear ; 
echo tier, to run aground, to fail ; embeflir, to become 
handsomer ; grandir , to grow up ; grossir, to 
increase in size: maigrir, to become thinner: 
passer , to pass ; rajeunir, to become young again ; 
rieillir, to grow old. ( 'it enfant a him grandi 
en pen de temps , That- child has grown a- great- deal 
in a short time, ('omme il est grandi ! How grown 
( - tall) he is! 

9. Some verbs have different meanings, according 
as they are conjugated with avoir or with Ure. 
Such are, Conraiir, to suit, to agree : Cette maison 
nous a conrenu. That house has suited (pleased) 
mis. Nous .'Honmc.s con ecu us d'achetcr cettc maison. 
We have agreed to buy that- house. 

fbmrurcr, to dwell, to st op : 11 a demeurc longtcm ps 
d Paris, He lived a long time in Paris. L' affaire 
en est. demeuree Id, The matter stopped there. 

Echapper, to escape notice, to be forgotten, 
to slip from, to lu* said unwittingly : Ce que je 
voulais vous dire in' a echappe, What I wished to 
tell you has escaped me (i.e., my memory). II Ini 
est echappe un mot qu'il nc voulait pas dire, A word 
he did not wish to say has escaped him. 

Use of the Subjunctive 

1. The verb of the subordinate clause must be in 
the subjunctive when the verb of the principal 
clause expresses surprise, admiration, wish, consent., 
prohibition, doubt, fear, command : Je in Uonne 
qu'il ne voie pas le danger oil il est, I am astonished 
that he dors not see the danger in which he is. 

2. The verb of the subordinate clause must be 
in the subjunctive when the verb of the principal 
clause is cither negative or interrogative : Je nai 
employ £ aucune fiction qui nc soil line image sensible 
de la rerite, T have used no fiction but is a sensible 
image of truth. Croycz-vous qu'il vienne ? Do 
you think he will come ? 

Exception : When the interrogation is merely 
formal, and really amounts to a direct statement, the 
subjunctive is not required: Croycz-vous que les 
Parisiens sont des sots ? Do you think Parisians are 
blockheads ? ^ 

3. The verb of the subordinate clause must 
be in the subjunctive after impersonal verbs and 
phrases : Il vaut mieux qu'il ne vienne point. It is 
better he should not come. Il importe que vous y 
soyez , It is important that you should be there. 

Exception : (a) The indicative is required after 
il s'ensuit, it follows ; il rimdte, it results ; H 
arrive, it happens ; and after impersonal phrases 
in which there occurs an adjective expressive of 
certainty, such as Evident, stir, certain, vrai, except 
when these are either negative* or interrogative : 



11 arrive souvent quon est trompk, It often happens 
that we are mistaken. 

(b) The verb setnbler , though used impersonally, 
requires the indicative if it is preceded by one of 
the personal pronouns me, te, nous, vous , lui, b ur ; 
but, if used negatively or interrogatively, it follows 
the rule : II me winkle quit ny a pas de pirn grande 
jouissance que edit dc fain dcs heureux , It. seems to 
me that there is no grealer happiness than that of 
making people happy. // ne me sentblt pas qm- Con 
puisse pc user difjeremment , It does not seem to 
me that anyone can think otherwise. 

4. The verb of a relative clause must be in the 
subjunctive if it does not express an actual fact. 
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and if the relative clause implies some purpose 
regarding the antecedent, or some unattained 
result. To express what is regarded as a fact or 
a certain result the indicative is used : Si fo 
vats d Londrcs , e.e sera arte quclqu un qui sacJie 
parlcr anglais ; Si jc vais a Londrcs , cc sera avee 
qudqiiun qui sail parlcr anglais . Roth these 
sentences mean : If I go to London it will 
be with someone who can speak English. In 
the first of them, the use of the suhjunc- 
tive indicates that such a person has not yet 
been secured ; in the second, the use of the 
indicative implies that such a person is actually 
available. 


Conti mud 
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By Harald Clegg | 


ELISION 

The only letters which may be 
omitted from Esperanto words are 
the a of the article la and the linal 
u of a substantive, in which case 
an apostrophe is substituted. In 
the case of the article, this is only 
permissible when la is preceded by 
a preposition having a final vowel. 

Examples: La ft no dr Vjaro , 
The end of the year ; Si hint is 
pri Varna , She sang of love. 

The o in a substantive may 
only be dropped when such 
word is singular and in the 
nominative case. Examples : II o 
mia kor'l Oh, my heart ! Sinjor' 
Doktoro , Mr. Doctor. 

As a general rule, and in order 
to ensure comprehension to a lis- 
teller, it is certainly advisable to 
avoid elision altogether. The per- 
mission to use elision is freely 
taken advantage of in writ itig verse, 
and this is the only case where 
such omission is really justified. 
When, however, elision of the u in 
nouns is resorted to, the accent 
still remains on the same syllable 
as before. 

Vocabulary 

apog', lean, rest imit', imitate 
botal'y battle, intern', inner, 
fight inside 

ben', bless kajer', paper- 

cifer', numerical covered book 
figure kest', chest, box 

remit', shirt komunik', coin- 
dot', date (time) municato 
depend', depend kovr', cover 
diftrenc'y differ- (v.t.) 

enoe krid', crippled 

diligent ', diligent kvuer ', spoon 
tkziftf, exist Jcurb', curved 
fund', bottom lag', lake 
yard', guard (v.t.) lip', lip 
gent', groan las', leave, let 
AoVah martd', ham- 

hirund', swallow * tner (subst.) 

menfori', chin 


miles' , mix 
miop ', short- 
sighted 
nag', s\v im 
n a jl' , nail 
(metal) 

nutr\ nourish, 
feed 

obe', obey 
ubjckt'y object, 
thing, art iele 
pas', peace 
pas', pass (v. i.) 
pas , step, stride 


par', perish 
permes', per- 
mit 

pine', pinch 
plaid', com- 
plain 
pork', pig 

posed', possess 
pos', pocket 
preeiz', precise, 
exact 

prunt', loan 
raz', shave 
las', cup 


Exercise XIII. 

La riiulo bone mangas kaj 
vivas, sod la malriculo nur 
ekzistas. Paso post paso la 
homoj ciam antauen iras 
malgrau cio, kio kontraustaras 
ilin. La kriplulo volis nagi trans 
la lagon, sed ce la mezo li 
pereis, kaj subiris gis la fundo. 
Lau mia deziro, mia boonklo 
pruntedonis al mi la keston kaj 
ciujn objektojn, kiujn gi enhavis, 
krom la argent a j kuleroj kaj la 
raziloj. La hirundo rapid© tlugis 
preter la rivero. C‘u vi memoras 
la daton, kiam iclice paco fine 
okazis ? La bonulon oni 
dev us beni kaj imiti. Li 
alnajlis la kovrilon sur la keston, 
antau kiam li enmetis la tasojn. 
La miopulo plendis kontrau mi, 
car mi skribis tre malgrandajn 
ciferojn, Oni devus houori kaj 
obei la gopatrojn (or, a l la 
gepatroj ). La daton dc la lctcro 
mi uo certe memoras, sed mi 
kredas, ke la plondulo skribis 
gin cirkaii la kvina de la nuna 
monato. Li apogis sin sur mian 
brakon kaj ekgemis. Mi an- 
korau ne scias precize, kiom mi 
posedas eii mia poso. La homoj 
ciame kontraubatalas unu la 
alian, kaj nur la fortuloj post- 


vivas. Ivia estas la diferenco 
inter ci tiu okjekto kaj tiu ? 
Estas nenia. Li jam forlasis 
la urbon antau kiam mi tie logis. 
bum mi nutris la porkojn la 
malriculo preter pasis kaj atente 
rigardis ilin. Anstatau paroli, 
si staris tie kun palaj lipoj 
kvazau niuta. (*u mi permesos 
tion, dependas de lia preciza 
deziro, sed intertempe vi devas 
labori diligente kaj bavi pacien- 
con. 

PRONOUNS 

Possessive Reflexive (sia) 

The Reflexive Pronoun Si 
has been dealt with and ex- 
plained on page 4fl.50, but the 
use of sia as a Reflexive Pro- 
noun in place of lia, sia , <jia and 
ilia must be carefully marked 
and learned by the student, in 
order to avoid causing ambiguity 
as to the actual possessor of the 
direct or indirect object in a 
sentence. Like si, from which it 
is derived, sia relates only to 
the third person whether the 
number be singular or plural, 
but it must, of course, like the 
other possessive pronouns, take 
the plural and accusative signs, 
if that which is possessed be 
plural and in the accusative case. 

A few examples of ambiguity in 
English will most clearly show the 
importance of the correct use of 
the reflexive pronoun : 

When we say : “ John lovqs 

Peter and his brother,” there is 
a doubt as to whose brother is 
referred to. Now, in Esperanto, 
sia always refers to the subject of 
the clause in whioh it occurs, 
and, thus, if wo translate the above 
sentence, Johano amas Petron kaj 
sian fraton , the friend of whom we 
speak must be John’s, because 
John is the subject of that sentence. 
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If we mean that John also loves 
Peter’s brother, then the sentence 
must be translated : Johano amis 
Petron kaj liun fraton. 

It must also be carefully noted 
that sia can never qualify the 
subject : 

Example : Johavo Icaj Ha amiko 
renkontis Petron, John and his 
friend met Peter. 

Here it will be observed that 
both “ John ” and “ friend ” are 
subjects of the verb ; conse- 
quently, Ha must be used. If the 
above English sentence, however, 
is slightly altered by saying, “ John, 
walking with his friend, met Peter,” 
then “ friend ” is no longer a sub- 
ject, and the translation, therefore, 
is Johano promrvante bin sia 
amiko , renkontis Petron. 

In some complex sentences tho 
object of a principal sentence be- 
comes tho subject of a subordinate 
sentence. This is exemplified by 
the following : 

La potto vidis la sinjoron , kill 
eslis en sia gardeno , The father saw 
the gentleman, who was in his (the 
gentleman’s) garden. 

Here, “ gentleman,” the object 
of the principal sentence, becomes 
the subject of the subordinate 
sentence, and is represented by 
“ who.” Consequently, when sia 
is written, it must refer to 
“ who,” which, as stated, stands 
for “ gentleman.” If lia were 
substituted it could Only refer to 

father.” 

The simple rule to he remem- 
bered in cases such as the above 
is : 

“Sia,” being reflexive, can 
only refer to the subject of its ovwi 
clause, and, for the same reason, 
can never be placed before the 
subject. 

Tho following examples, with 
remarks thereon, should be 
carefully noted : 

1m dom > de Anglo eslas lia 
kastelo. An Englishman’s house 
is his castle. Lia is used because 
“ Anglo,” which is referred to, 
is not subject. 

Hi dirts , ke la viro fra pis Man 
hundon, She said that the man 
struck her dog. Sian is used 
because viro is the subject of 
the subordinate sentence. 

La hundo amas sian matron , 
The dog !oves its master. Sian 
is used because it refers to the 
subject hundo. 

La cevalo kaj (jia mastro estis 
en la kampo , The horse and jts 
master were in the field. (Ha 
is used because mastro is also 
suhjeot. 


Mi vidis mian patrinon bin 
Maf ami kino j, I saw ^my mother 
with her friends. Siaj is used 
because patrinon , to which it 
relates, is not subject. 

La knabinoj kaj iliaj fratoj 

iris bin siaj amikoj al 

dome), The girls and their brothers 
went, with their friends, to their 
f the girls’ and their \ 
j brothers’ j- house. 

I the friends’ brothers’ J 


Vocabulary 

abi', fir nest', nest 

ahel', bee opini ', opinion 

bapt/, baptise pasament ', lace 

cirkonslanc', eir- pir', pear 
cuinstanco precip ', particu- 


diamant', dia- 
mond 

hont'y shame 
kambi'y bill of 
exchange 
kom pat', com- 
passion, pity 
hillside/, con- 
sider 

hmtor'y bureau, rank', hoarse 
office regiment , regi- 

kort/y basket ment 

krem'y cream rekompenc ', re 
knrten , ' curtain wa rd 
kverk'y oak renters', 
lepor'y hare set 

lup' y wolf r e s p o 

majes ', iu a - reply 


Jarly, especi- 
ally 

premf, press 
prez\ price 
princ/, prince 
prov\ attempt, 
try 

pnnkt'y point 
pus, push 


UP- 


.d'y 


jeslic 

mare' , swamp, 
marsh 

mars , march 
(v.i.) 

membr'y mem- 
ber 

meti'y trade, 
handicraft 


rev', day-dream, 
fancy 

ripet', repeat 
ms', dew 
roz'y rose 
Mit', like 
sprue', sprinkle 
Mai', steel 
Mel', steal 


minac'y menace, Mild', owe 
threaten zorg', care for 
mar', habit, us- zum', hum 
age 

Exercise XIV. 


1. He went into his office, and 
wrote his name on the bill of 
exchange. She repeated her story 
to the compassionate princess, 
who promised to look after her 
child. What is his trade ? On 
that largo oak there is a little nest, 
whose contents you would cer- 
tainly like to steal. In my opinion, 
you should at once reply to the 
most important points in his letter. 
How much does his son owe to you? 
Tho regiment inqrched on to the 
swamp, and nearly all the soldiers 
perished. Does the new member 
like cream or milk in her tea ? 
Very carelessly he upset the 


Continued 


basket, which was full of pears. 
Who is there ? 

A 2. Kia bela pasamento ! 
Car vi kondutis hodiau tre 
honte, vi no havos la rekom- 
pcncon kiun mi promesis al vi. 
La abelo zumo flugas super la 
kampoj. La moroj de tiuj ei 
homoj eslas tro hontaj. Kia 
estas via opinio pri mia provo ? 
En frua mateno la roso kuAas 
sur la folietoj de la rozoj. Li 
premis mian manon, diris 
malgoje “ adiaii ! ” kaj malapcris 
el mia vido por ciarn. Post la 
kurtenoj, sin kasis la princo, kun 
ciuj siaj diamantoj. En tiuj 
cirkonstancoj, mi multe bedauras, 
ke mi ne povos aceti vian Atalon. 
Hi tiam komcncis paroli tre 
laute kaj kolere ; posto ili 
ininacis kaj ekpusis min, kaj 
fine ili provis cljcti min el la 
cambro. La leporo kuras tre 
rapide, precipe kiam lupo post 
iras. Kiel majes ta estas tiu 
granda a bio ! 

Key to Exercise XII. 

A. Axe. Widow. Stranger. Blind 
woman. Isle. Littlo miss. Gun. 
Mad woman. In a motherly way. 
Sisterly. In the streets one often 
meets the deaf, tho dumb and tho 
blind who are beggars (m. and /.). 
I took my skates in order to skate 
on the ice. The little girl cried 
until she could not cry any more. 
With a needle one sews and with 
a comb one combs the hair. There 
are islands in both the north and 
south parts of this country, but 
l have not yet been to them. I aril 
now a widow, as my husband lias 
just died. He took the rifle, and 
shot in all directions like a mad- 
man. It is supposed that a pious 
person never sins even the least 
little bit. The joker again kissed 
the little children, and also the 
spinsters (single ladies). I am 
almost certain that you are but a 
deceiver. 

B. Kvankam mi bone konas 
vian nomon kaj adreson, rai 
ankorau ne intcncas skribi al 
vi. Li estas honoralo, tre riea, 
sed ne tro felica. Li prenis la 
pesilon kaj pesis la kupron. 
(j\ pezis nur deP du funtojn. 
La orfino ridetis; kvazau Ai 
volas piaei al mi. La babilulo 
tuj denove ekparolis pri nonio ; 
mi auskultis dum iom da tempo, 
kaj tiam ne volis audl plu. Jen 
estas gladilo por gladi, kaj 
Alosilo por Alosi la pordon. La 
fosilo kaj la hakilo estas treege 
utilaj iloj. 
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SECTION I. ACCIDENCE 

Irregular Nouns. The following are the 
most frequently used irregular nouns : 

1. dv^p (<*)> man ; voc. dvepy acc. I lv8pa y gen- 
dv8pds y dat. pi dvbpdai. 

2. 7 <i\a (r6), milk ; gen. ydXanros, etc. 

3. ydvv (rd), knee ; gen. ydvarosy etc. 

4. yvv'fj (i)), wife, woman; voc. yvvat , acc . 
yvvaiKa, gen. yvvatKds ; (lot, pi. ywatt^i 

5. 8dpv (rd), spear ; boparos, Bdpan or 8 opl ; pi. 
Sdpara , 8opdrtx)v, Bdpaai. 

6. Zeds, Zeus, Jupiter ; voc. Zo", acc. Ala, gen . 
Aids, dat. Ail. 

7. Oplt. (^), hair ; gen. rptxds ; dat. pi. Opi^i. 

8. kuoju (6, ij), (log ; gen. kwAs ; dot. pi. kmI. 

9. paprvs (6, 7)), witness ; gen. pdprvpos ; dat. pi. 
pdprvat. 

10. o?> s (rd), ear ; cordy, i bri ; pi. u >ra, wrtav, dal. 

11. 7r0p (rd), tire ; 7rp/)dy, 7nyu : pi. vvpd (watch- 
fires), irvp&p, n ipots. 

12. doojp (rd), water ; gen. rdaros ; dat. pi. vdaai. 

13. vids (6), son, is declined both regularly 
like \6yoSf and as a noun of the third declen- 
sion, i itfos, v'ici ; pi. vieis, vius, view, vieat. 

14. \elp (y)y hand ; gen. x<q><h ; dat. pi. x<P ff l 

Comparison of Adjectives. J. Thk 

Usual Way, -rt/>o y, -raros. Most adjectives 
form the comparative by adding repos, and 
the superlative by adding raros to the stem : 
Positive Compamtive Superlative 

Sewds, terrible 8f.tvdrepos betvdraros 

yXvnv y, sweet yXvKdrtpos yXvKvraros 

pJXas, black peXdvrepos peXdvraros 

a\?;fl?jy, true aXrjOltrrepos dXyjOtararos 

Note 1. The comparative and superlative are 
declined regularly — e.g., Setvdrepos , -a, - ov ; 
BetvdraroSy - tj , -or. 

Note 2. Stems in o with a short penult (that 
is, with the last syllable but one short) change 
o into w before -repos and -raroy — as, 

aoejtdsy wiflO aoepdrepos aoepdraros 
except when the penultimate (i.e., last but one) 
vowel is followed by a mute and a liquid — as, 
TiKpdsy bitter TriKpdrtpos iriKpdraros 

Note 3. plaos, middle ; froy, equal ; rX^os, 
near ; and fyruxos, quiet ; drop the os and add 
a Irepos and alraros — as, ftroy, iaalrepos , laalraros. 

Note 4. Adjectives in ops (contracted for oos) 
form their comparison as follows : dirXoOsy 
simple ; aTrXovarepos (for cnrXotcrTepos), drXodararos. 

Note 5. Adjectives in wv add ear epos and 
eararos to the stem — as, edbalpojVy blcssod ; euSai- 
povearepoSy evSatpovlararos. 

Note 0. Adjectives in eis form their com- 
parison as though from a stem ending in es — 
as, xaplctty graceful : x a P^ ffT€ P°h x a pd(rraros. 

ll. The Less Usual Way, -ew^, - iaros . Some 
adjectives in vs and pos form their comparison by 
changing the termination into iwv and iaros — as, 
aiaxpfc, base alaxhvu atax^ros 

hostile 

ilidsy sweet ntiluv ySurro s 

rax*, swift { 1271 } ra '*“ rTOt 


By G, K. Hibbert, M.A. } 

Note. Comparatives in iuv are declined thus: 
Singular 



Mage. <0 Fem. 

Neuter 

N., V. 

i]8lu)v 

tfdtov 

A. 

rjdiova or i}8lo} 

T}8l0V 

G. 

t}81ovos 

t)81ovos 

1). 

hdlovL 

ijdlovi 


Dual 


N„ V., A. 

qblove 

qdlovr 

G., D. 

ijSidvoiv 

i]8idvoiv 


Plural 


N., V. 

ijBlovcs or rjdlovs 

y)8lova or t]81u> 

A. 

rjdtovas 01* i]dlo.i 

ijdlova or i)8tio 

G. 

i'lbidvwv 

ilSidvw 

D. 

rjdloai 

i]8loai 

111. 1rre< 

;ulau ConrAHisoN. 'i'he following 

ad jective's are irregular : 


ay aPos y good 

dpthov, better &p«rro s, host- 


/ifXrlojv 

„ ftlXnaros ,, 


kpilaaiov 

,, k par taros ,, 


\(p(0 V 

„ Xtparos ,, 


dpdviop 

*» 


dXytivos, painful dXylwv dXytaros 

tipirai:, robbing dpvaylarepos dpiraylararot 

ytpaios, old ycpalrepos ycpalraros 

Kakds , bad kaKuov , worse Kakioros 

X^lpiov ,, x tl P l(TTO 9 

ijaatov „ (y’lKiaros) 

(lit. less) 

koXos, beautiful KaXXluv kdXXiaros 

pdkap, happy pakdprepos pakdpraro* 

pattpos, long pdaatov p^ktaros 

peyas, great pclfav plytaros 

piKpoSy small fUKpdrtpos punpdraros 

eXdaaioi', loss eXdy taros 

peitov ,, t/xdaros) 

petdrepos petdraros 

dXlyos , little, few — dXiyiaros 


7raXaioy, old 

naXalrepos 

iraXalraros 

irlpyjs, poor 

irtvlarepos 

Trrvlararos 

Trlwtov, ripe 

nt Train pos 

7T( iralraros 

ttoXvs, much 

■jrXtliiJi’ \ 

trXeiaros 


i rXluv ) 


pqbtos, easy 

pq t ov 

pqaros 

( plXos , dear 

(plXrepos 

eftlXraros 


(fnXalrtpos 

(jnXalraros 


f/nXdrepos 

efnXdraros 

\l/ev8r)s. false 

— 

xf/evbiararos 

Note. Comparatives and 

superlatives are 


occasionally formed from nouns and pronouns— 
as, nXdirr 7)s, thief : nXeirrlartpoSj nXeirrlararos ; 
Kvm’, dog; kdvrepo s, more impudent, kvvraros ; 
acros, self : avrbraros, his very self. 

Adverbs. The regular adverbial ending in 
Greek is wy, and an adverb can be formed from an 
adjective by changing the v of the genitive plural 
into y— thus, aoepdsy wise, (gen. pi aoepw), adverb 
aoeptis, wisely; v^co^y, false, adverb \ki»3ws; ^ray, 
whole, (gen. pi. redvroiv)^ adverb irdvrus, wholly. 

The neuter accusative of an adjective, singular 
or plural, is often used as an adverb— as, toXv, 
much ; p<j.diov t easily ; ply a or peydXa, greatly. 

The Comparison of Adverbs. The 
comparative of an adverb is the accusative 
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neuter singular of the comparative of the 
corresponding adjective, and the superlative of 
an adverb is tho accusative neuter plural of the 
superlative of the corresponding adjective — as, 
deiyuis, terrible Scivdrepov Seivtirara 

&Xy)Q£>s, truly dX7)04arcpov aXyOcvrara 

a Urxp&s, basely a t<rx.iov 

XapitvTws, gracefully x a P L ^ <Tre f ,0V x a P L ^ (TTaTa 

Note. dvu* above, makes avwrtp w. avurdru ; 
pd\ a, much, very, makes pdXXov , paXarra. 
paXXov is very common in Greek, and means 
rather ; pdXurra means mod of all* especially. 

Numerals 



Cardinal 

Ordinal 

Adverbial 

1. 

dy, /na, ’4v, one 

TTpLOTOS, first 

Arat, once 

2. 

Svo, two 

dtVTCpOS 

Sts , twice 

3! 

rp( rpla 

Tp'lTOS 

T/uy, thrice 

4. 

r/ffffaptSy -a 

rirapros 

rerpaKis 

5. 

7t4vt€ 

irepirros 

TtvraKis 

ft. 

n 

4ktos 

tiidkis 

7. 

eirra 

'Ifitiopos 

tirrahis 

8. 

6ktio 

tiydoos 

OKrCLKlS 

9. 

4vv4a 

4varo s 

fvdhis 

10. 

84 Ka 

AAaros 

8tkJ.Kis 

11. 

VvdeKa 

4v8t Karos 

evSchaKis 

12. 

8ibd(k a 

8o)84 Karos 

SuSehaKts 

13. 

TpicTKaidtua 

TpKTKaiOCKaTOi 

. _ 

14. 

TeacrapeiTKai- 

nacrapakai- 

— 


Sena 

84 KOTOS 


15. 

TevrtKaiSeha 

TrcvTfkai84kaTos — 

10. 

€KKal8(Ka 

eKKatockaros 

— 

17. 

twraKaldeKa 

4TTTaKat84karos — 

18. 

6KTWKaL8(Ka 

0KTWKai84 Karos — 

19. 

4vveaKal8fKa 

4vveakat84 Karos — 

20. 

dkOfn 

eUoartis 

eikoadhts 

21. 

eh Kai eiKOffi* 

TTpCvros Kai 

— 


Ol’ rfhoaiv eh 

cIko(Tt6s 


25. 

7t4vt€ Kai eiKoen, 

, irepirros Kai 

— 


or dKoot iri vn 

eikoerros 


30. 

TpuxKovra 

rpiaKOtrros 

rptaKovrdhis 

40. 

TfacrapaKOvra 

reaaapaKocrros rc(T(rapaKov~ 




raKis 

50. 

TT€VT7)KOVra 

TtVTT}KO(rTQS 

7rtvr7]K0vrdKis 

GO. 

ei-rjKOvra 

i^Koaros 

c^TjKOvrdhis 

70. 

ifidopiiKOVTa 

tfidopTjKoarros 

ifiSoprjKovrdKts 

80. 

6y8o4)kovra 

dry 8 otj hoards 

uydoTjKovraKts 

90. 

4vev’f)K0vra 

4vev7)KO<rros 

4v€vr)KOvraKis 

100. 

iKartii’ 

eharoerros 

fKarovrdKis 

200. 

diaKboioi, -at, -a tiiaKocnoaros 

8iaK0(Ttdkts 

300. 

Tpiahtiaiotf etc. TpiaKoatojTOs 

— 

1,000. 

Xl\toi 

XtXlOffTOS 

XtXidkis 

2,000. 

durxlXtot 

tiiax^oiTTos 


3,000. 

Tpiax^oi 

rpuTxiXioai df 


10,000. 

p(>pioi 

pvptoo-rd y 

fivpidhis 


Notes. 1. The cardinal numbers from 5 to 
100 (both inclusive) are indeclinable. Cardinals 
above 100 (such as 200, 300, etc.) and all the 
ordinals are declined like regular adjectives 
in oy. 

2. The first four cardinals are thus declined : 


N. 

M. 

F. 

N. 

els 

pla 

h 

A . 

ha 

pitiv 

h 

a 

hos 

ptds 

evSs 

D. 

hi 

m 

evt 



M. & F. 

N. 

M.dtF. 

N. 

N. 

TptlS 

rpt a 

rherapes 

r4(T(rapa 

A. 

rpds 

rpla 

r4cr<rapas 

r4(r<rapa 

G. 

TpLtbv 


reacrdpwv 


T). 

rpurt 


rhaapat 



Like eh are declined its compounds oOSeh and 
prjSds, no one, none — as, prjSch, prjScpla, p 7 ) 84 v> etc. 


SECTION II. SYNTAX 

Rule 1. Comparatives in Greek are followed 
by the genitive of tho thing compared — as, 
6 ijXios can pdfav rrj y <rtXr)v 77 s, The sun is larger 
than the moon ; rrovqpia tiaaaov Oavdrov rp4xciy 
Wickedness runs faster than death. It would 
however be equally good Greek to translate than 
by *), and then the noun following 7 ) would be 
in the same case as the noun preceding — as, 
rb aXyOts ad ' peifrov 4<xnv $) rb \ptv84s t Truth is 
always greater than falsehood ; </a\w tovtov rbv 
iraiSa pdXXov ?) (Kctvrjv rrj v hdpi)v, 1 love this boy 
more than that girl. 

Rule 2. The comparative and superlative 
may refer sometimes to a single subject — as, 
y (Xoiorcpov 4<rnv cindv , it is somewhat ridiculous 
to say ; KaXXtarTj y wyj, a very beautiful woman. 

SECTION III. TRANSLATION. 

Vocabulary 

Setvotj y), ov , terrible to irvevpa, aros, breath 
(piX toy, a, ov, friendly spirit (cf. pneumatic) 
?Xu, 1 have 6ti, because (tin also — 

i) dpxti, beginning that , conjunction). 

7r p6s, near, with (go- ?; ftaoriXda, kingdom 

veins accusative) 6 ovpavds, heaven (cf. 
pahdpios, a, ov, blessed, Uranus) 

happy I save (future 

arrays, cringing, poor oww) 

Translate into English : i. 6 Oavards 4<rrt 
Stilus roiy KaKoh. 2. ol oLnaiot Ijaav rf>LXioi rots 
rr4vrjc nv. 3 . oi ' EXX7JVCS oi’K 4xov<n <r6<f>ov s ijyepdvas. 
4. 4v apxxi h v i> Xdyos, Kai 6 Xoyos ?)v i rpbs rbv ()cbv, 
kat Oebs ijv 6 Xdyos. 5 . 6 'Eevotptvv 9jv <rr parity bs rwv 
KXXifivcw. (). pahdpioi (elcri) oi irnoxoi rtp irvevpa rr 
on auTwv (—of them t.e., theirs) 4<ttlv i) (iacriXda 
rtbv ovpavwv. 7 . oi irotpives 0avpd$ov<n ttjv x i ha h 
rtp 8 . cnbaopev rijv narpltia 4 k iroX4pov. 

9 . eioiv dXiyot 7 rorapoi 4v tjj 'EM dSi. 10 . ui U4paa, 
lx els T h rod ayyiXov tiara. 4v rip Kavtp. (Nototlie 
order of the words : ra agrees with Sard, and 
rov with ayy 4Xov ; but Greek says “ the of the 
messenger bones,” not “the bones of the 
messenger.”) 

Note that Greek uses the article with abstract 
nouns -e.g., 6 Odvaros, death, in sentence No. 1 
above ; also frequently with proper names — as, 
6 %evo<}>C)v, Xenophon, in sentence No. 5. 

Key to Exercise VI. 

1 . ol ftdrpaxot Tore irpecr fieis 4irep\^iv 4vi rbv Ala 
Kai X! T7)<rav fiatnXda ai/roh irapaax ***'• 2. 0 Vavs 

£vXov eh tt)v XipvTjv tf>fn\f/ev. 3 . ol fidrpax 01 <pdft<p 
eavrovs els rd rijs Xlpvrjs fiddr} tfipurrov. 4 . AM’ 
dkivTjrov ty t6 £0Xov, raxews aiVroO Kare<pp6vow Kai 
4v6pu^ov tovtov t6v (ia<n\ea ava^iov dvai. 5 . jjTijaav 
t6v Ala dXXov ($a<n\4a. 6. IXeye " irpeh ferre pupoi, 

Kai titipav (literally : a hydra) axnoh hrepf/ev v(p' 
Karri<r0lovTo, 


Continued 

The next instalment of the Spanish course appears in Part 42 of the Self-Educatok. 
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NATURE & USES OF COAL-TAR DYES 

Group 28 

DYEING 

How Artificial Dyes are Manufactured. Their 

4 

Nomenclature, Classification and Industrial Uses 

Continued from 
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By HERBERT ROBSON 


/T'OAL-TAR is a very complex body, containing 
a great number of hydrocarbons, phenols, 
bases, etc. This is the great source of the artificial 
colouring matters, although petroleum residues 
arc also used to a less extent. The tar is first 
submitted to fractional distillation, the fractions 
being as follow : 

First runnings . . to 1 10° C. 

Light oils .. .. 110° C. to 210° (\ 

Carbolic oils . . 210 n C. to 240 ’ C. 

Creosote oils . . 240" (X to 270° ( X 

Anthracene oils . . 270° C, to 400 ’ C. 

The bodies passing over from the retort to the 
receiver between the indicated temperatures are 
kept separate, and by further and more minute 
fractional distillation and working up the raw 
product* of coal-tar, colour materials arc obtained. 
These are benzene, toluene, xylene, naphthalene, 
anthracene, phenol and cresol. 

From these arc obtained the “ intermediate 
products.' 1 These are: nitro compounds, as, for 
instance, nitrobenzene; sulphonic acids of hydro- 
carbons: primary amines and their sulphonic 

acids ; phenols, etc. For instance, nitrobenzene 
is prepared by the action of nitric acid on benzene, 
and aniline is prepared from this by redaction 
with iron and hydrochloric acid. 

Synthetic Dyes. As it is impossible to 
devote sufficient space to give more than a vague 
idea of the methods of the colour manufacture wo 
will take one or two examples of synthetic dyes and 
show the manner in which they are built up. 

Aniline, in the early days of the industry, was 
never obtained free from an admixture of toluidine, 
and the famous colour magenta or fuchsino was 
obtained from this intermediate product by oxida- 
tion with arsenic acid. 

The way in which artificial alizarin was discovered 
furnishes a good example. A body to which 
formula C 14 H l0 O 4 was assigned was found to exist, 
in madder and to this the name alizarin was given. 
Later a hydrocarbon with the formula (* 14 H 10 
was obtained from this, which proved to ho identical 
with anthracene. The attempt, therefore, was 
made to oxidise anthrafeone, with a view to obtain 
artificial alizarin and by treating it with chromic 
acid, anthraquinone (Cj 4 H*0 a ) was obtained. This 
was acted upon by bromine, and the product, on 
fusion with caustic potash, yielded potassium 
bromide and alizarin. This was too expensive a 
method and the process was quickly simplified. 
It, is given here simply as a mode of working. 

Many artificial dyestuffs are prepared by com- 
bining aniline or its derivatives with various 
bodies. For instance. Wool Yellow is made in this 
way with aniline and fustic, Alizarine Yellow by 
combining paranitraniline* and salicylic acid. 
The nitfo colours are made by treating the long 
series of intermediate products with nitric acid ; 
for instance, picrio acid is prepared by the action of 
nitric acid upon phenol and Aurantia by the action 
of nitric acia upon diphenylamine. 

Cachou de Lava], the first sulphur dye, was made 
by fusing sawdust with sodium sulphide, but it 

Is o 


was not until the sulphur colours came into the 
category of coal-tar dyes that they found favour 
with the dyer. Vidal prepared Vidal .Black in 
1803 by fusing para-aniido-phenol with sulphur 
and sodium sulphide at about 200° (■. He was 
the first, also, to recognise the importance of the 
presence of nitrogen in the coal-tar derivative used 
for “ melt,” as it is called. He found that the 
diphenylamine and its derivatives gave sulphur 
dyes at lower temperatures than the amidophcnol — 
namely, at temperatures varying from 150° C. to 
180° C. Among the results of this discovery we may 
mention Itnmcdial Black, which is prepared by 
fusing paraoxy-ortlio-para-di-nitro-di-phcnyl-amine 
with sulphur and sodium sulphide. Thioeatchines 
are made from the diamines. Hay ton Black is pre- 
pared by treating nitrosophenol with acid solutions 
of thiosulphates. The Kryogenes are prepared 
from dinitronaphthnlcne. An enormous amount 
of work has been done in this direction and is still 
proceeding, and the methods of manufacture an* 
both numerous and complicated. They aro at 

1 ^resent entirely empirical, as hardly anything is 
mown either of the composition of the sulphur dyes 
or of the chemical reactions concerned in their 
formation. The general principles on which 
their preparation depends will, nevertheless, be 
’•easily gathered from a perusal of this paragraph. 
When we consider the enormous number of the 
coal-tar derivatives and the fact that practically 
all of them which have been tested have given 
some result, whether valuable or Hit; reverse, on 
fusion with sodium sulphide, we can easily ap- 
preciate the difficulties of the investigation. 

Dictionaries of artificial dyes, such as those of 
Hurst, of C! teen, and of Rawsori, Gardner and 
Lav cock, give the chemical and commercial name, 
and as far as possible the method of preparation 
of each dyestuff. 

Nomenclature of Dyestuffs. An aniline 
was the first coal-tar dye discovered, and since 
the days of Perkin’s Mauve the British public 
have spoken of all artificial dyes as anilines. 
The alizarines, however, arc not anilines, and the 
discovery of this large group was very early in the 
history of coal-tar dyes. Tho first sulphur colour 
was not even a coal-tar dye, and ]>etrok*mn residues 
are used in some places (Russia, for instance) in 
place of coal-tar as a raw material. The correct 
term, therefore, unless we are speaking specifically 
of an aniline, is ’‘artificial organic colouring 
matter,” which completely fills the field. 

Artificial dyes, to content ourselves with a shorter 
term, are definite chemical substances, but the 
makers for good and sufficient reason put them on 
the market under a commercial or “ trivial ” name. 
It is obvious that it is easier for the dyer to ask for 
Bismarck Brown than for hydrochloride of benzene- 
dirt zo-phenylene-dia mine, and this is simplicity itself 
as compared with the chemical names of some 
of the dyestuffs. The only inconvenience is that 
the same dyestuff is often on the market under n 
variety of names. That already instanced was 
called Bismarck Brown for obvious complimentary 
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reasons by its German discoverer, Manchester 
Brown by the Manchester firm who improved the 
method of manufacture, English Brown possibly 
by way of protest, Phony lene Brown from its 
composition. Leather Brown when it was found 
to bo very suitable for that material, and Cinnamon 
Brown because of the rich reddish-brown shade it 
gives. 

As a rule the commcreial name suggests the 
colour produced by the dyestuff ( Diamond Yellow), 
and in some eases the particular tone or tint (Tur- 
quoise Blue). It frequently gives an indication of 
the chemical origin of the dyestuff (Resorcin Brown), 
or claims special properties of resistance (Milling 
Yellow), or. as in the case of Night Blue, of remaining 
unchanged in an artificial light. Very frequently 
the recommended use is indicated — as, for instance, 
Wool Scarlet, Union Black, Got ton Blue: or the 
way in which it is to be used — as, for instance, 
Chrome Green, Spirit Blue. 

Names Indicating Colour. The names 
indicating colour have been taken from all 
sources. From flowers we get Primuline, Rhoda- 
mine and Rosophenin, from the Greek and Latin 
respectively for a rose. Mimosa, and others. A 
number of dves commence with a Greek or 
Latin name meaning or suggesting a colour: 
Ghrysamine, (lirysoidine, Auramine (golden), Git- 
ronine (lemon), Gyanol, Oyanine (blue), Eosine, 
Eosnminc (mv, the blush of dawn). Flavine (yellow), 
Irisamine (im, the rainbow), Nigrosine (black), 
Pyramine (fierv), Chlorine (yellow), and others. 
U ranine comes from uranium, whose compounds 
show fluorescence, now said to be due to radium, 
and Fluorescent Blue and Fluoresceinc convey the 
same idea of a changing colour effect. Some 
names are frankly popular and topical -as. for in- 
stance, Magda la Red, Gongo Red. Guinea Green; 
and others, as in the cast* of Perkin's Mauve and 
Meldola Blue commemorate the discoverer. 

The letters following the names are not mean- 
ingless: as a rule they indicate the particular 
tint, thus Brilliant Congo R gives a frank red, 
while Brilliant Congo G \(fdb % German, yellow) has 
a yellowish tinge. The degree is shown, as in the 
case of the Benzopurpurines. which are sent out 
in four “ brands ” ranging from B, a slightly 
bluish red, through 4B and till to 10B, a very 
bluish red. 

Bancroft first called the direct natural dyestuffs 
“ substantive/’ and those requiring a mordant 
“adjective” colours, ami the names are applied 
in the same connection to the artificial dyes. 

Classification. Glassification is essential 
in the consideiation of any subject, but with the 
artificial dyes, as with all other great groups, the 
sub-classification is difficult, and, on whatever 
principle we proceed, is only a makeshift at the 
best, though a necessary one. In classifying the 
artificial dyes we may consider their chemical 
composition, their method of application, or their 
effects upon different textiles. It seems best to 
arrange them with some reference to all these points, 
and we propose to make six main classes as follow: 

(a) Direct Got ton Golours; (h) Acid Colours; 
(c) Basic Golours; (d) Ordinary Mordant Colours ; 
(e) Acid Mordant Golours; (/) Insoluble Colours. 

It. must, however, be noted that there are dye* 
which belong to two or even three of these classes. 

Direct Cotton Dyes. These dyes are so 
called because they dye vegetable fibre without 
the assistance of a. mordant. It is evident, there- 
fore, that they dye all other textiles in the same 
way* for cotton lias le<s affinity for dyestuffs than 
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any other fibre in use for the manufacture of 
textile fabrics. With the exclusion of the Sulphur 
dyes — which are not classed as direct dyes, since 
they need a special bath, and in this course it 
seems best to take with the insoluble dyes — the 
first- direct cotton dye discovered was Congo 
(Gongo Red), in 1884, by Bottiger. 

All the direct cotton dyes uro soluble in water. 
They are compounds of various colour-acids witli 
alkalis, and arc, therefore, all decomposed by acids. 
Unless, then, the colour-acid set free hamiens to 
have the same colour as the original dye, the shade 
produced is not fast to acids. Most of the group 
are decomposed by hard water with precipitation 
of a lake and, therefore, the water for the dye hath 
should be softened for use. The direct cotton dyes 
used directly are not very fast, as a rule, especially 
on cotton and linen, but their resistance to external 
agencies can be greatly increased by treating the 
goods in various ways after dyeing. Sulphate of 
copper and chromium compounds arc largely used for 
this purpose, and a few of the direct cotton dyes (for 
instance, Primuline) ran be fixed by diazotising. 

The direct cotton colours are not much in vogue 
for wool, which can be more cheaply coloured by 
means of acid dyes, but. for mixtures of wool and 
cotton the direct dyes arc used in a neutral bath. 

Accelerating and Retarding Agents. 

Every member of the class requires an assistant 
iri the dyebath, either to accelerate or to retard the 
going on of the dye. For the former purpose' 
Glauber’s salt or common salt is employed: for 
Ihe latter, carbonate of soda, or even caustic soda 
or soap. It is very common to use both a retardant 
and an accelerant. Thus, in many cases the first 
part of the dyeing is done in the presence of car- 
bonate of soda, and Glauber’s salt is added to the 
bath later. Soap is often used with (dauber's or 
common salt for mode shades. 

The direct cotton colours arc dyed on wool at the 
boiling point, and in a neutral or alkaline bath, 
and with the same assistants as cotton. The 
Benzopurpurines. and some others can be dyed in a 
bath made slightly acid with acetic acid, but. even 
with these a neutral bath is preferable. For mixtures 
of wool and cotton, 2 per cent, of potash, and 10 per 
cent, of phosphate of soda make the best dyebath. 
The use of acids tends to make wool take a redder 
shade than cotton docs under the same circum- 
stances, and this prevents level dyeing of mixtures. 

In f lie ease of silk, the dyebath is best made 
with soap broken witli 4 per cent, of acetic acid. 
Enter the goods at about 130° F., bring to the 
boil, and boil 45 minutes, or to shade. An after 
treatment exactly as for cotton is required if 
great fastness is a desideratum, although the direct 
cotton colours are faster on either wool or silk 
than they are on cotton. 

The direct cotton colours can be combined ad libi- 
tum in the same bath so that any possible variety 
of shade is easily procured. Whenever practicable, 
however, those dyes should be selected for mixing 
which require the same assistant. If this cannot he 
done the assistant must be chosen (Wth regard to the 
dye which is added in largest quantity. 

Baths of the d ircet cotton dyes very rarely exhaust . 
and can be kept standing, reinforcing them with 
more dye and Glauber's salt, etc., when each fresh 
batch of goods is put in. The shorter the bath — that 
K the smaller the excess of weight of the dyebath 
over that of the goods — the better the exhaustion. 
Large amounts of assistants also favour exhaustion, 
which, of course, depends besides on the affinity 
of the fabric for the dye, so that, other things bcimi 
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equal, the bath will exhaust better with wool or silk 
than with cotton. A strong bath has the advantage, 
in the use of the direct cotton dyes, that it gives 
deeper and fuller shades. Hence it should not be 
diluted by heating it with direct steam. The heat 
should be applied with a closed coil or by means of a 
steam jacket. It is a good plan to allow the goods 
to cool for some time before lifting them. This con- 
duces to uniformity of shade, which is to some ex- 
tent imperilled by the use of strong and short baths. 
A fair average length of bath is from 200 to 250 
gallons per 100 lb. of goods. 

One of the most important properties of t ho 
direct cotton colours is that they act as mordants 
to the basic dyes so that very fast colours can he got 
by topping — that is, by dyeing first in a. bath with 
direct dyes and then redyeing with a basic colour. 
The lakes formed, however, are decomposed at about 
100° F., so that the topping hath must be below 
that temperature. 

The direct, cotton colours are very numerous, and 
only n few examples ran be quoted. They include 
the Bonzo colours, Leonhardt's Mikado colours, 
many of Cassella’s Diamines, (Jhrysa mine, the Titan 
colours of Read Holliday & Sons, the Zambesi dyes 
of the Berlin Aniline Co., and many others. A large 
number of these indicate their property of dyeing 
unmordanted cotton in their names for instance 
Direct Cirey, Direct Yellow, Direct Red, and so on. 

The Dyebath. The proportion of dye 
and assistants required varies greatly, but the 
best proportions are given for each dye in the 
recipes furnished by the makers. Some, such 
as Benzoazurines, Azo Blue, etc., have to bo 
dyed at the boil, while others, such as Chrysamine 
and Brilliant Yellow, must not he boiled. The 
diamines brought out by Cassella in 1889 belong 
partly to this class. Some are diazot foible colours. 
Certain diamines have the peculiarity that they 
are not fixable by metallic salts. Thus Diamine 
Blue CB has to be diazot iscd, and developed with 
beta-naphthol. In dyeing with Chrysamine, one 
of the fastest of the; coal-tar dyes, no copper must 
he present in any form or the yellow colour will be 
spoiled. There is little difference between cotton 
and wool as regards the direct cotton (ly<*s. The 
chief point is that after treatment is not so frequently 
required in the case of wool as it is with cotton on 
account of the greater affinity for dyes in general 
possessed by the former fibre. 

As regards the after treatment, bichromate of 
potash or sulphate of copper, already alluded to in 
this connect ion, are the usual agents, but dinzotising 
is often resorted to. In this process the goods, after 
dyeing and rinsing, pass through a hath containing 
1 i per cent, to 2J per cent, of sodium nitrite and 
5 per cent, to 8 per cent, of hydrochloric acid. 
This bath must be kept cold, using ice if necessary. 
Development follows with one of the numerous 
developers upon the market. Beta-naphthol (1 per 
( *ent. dissolved in caustic soda) is yierliaps the most 
commonly used developer. This diazotising process 
affords great scope for shading, and dyeing to pat- 
tern, for mixtures of azotisable and non-azotisable 
dyes, and a mixture of developers can be used on 
the principle that the final colour depends partly 
upon the developer. Care must be taken, however, 
not to use together a developer requiring an acid 
liquid and one needing the presence of free alkali. 
Hesorcin, for example, which is used to fix Primuline 
and Diamine Black, like beta-naphthol, has to bo 
dissolved in caustic soda, whereas some developers 
require acid. 


Basic Dyes* These are the oldest coal-tar 
dyes known, inasmuch as Perkin’s Mauve is one of 
them. Safranine was discovered in 1803, and Bis- 
marck Brown — the first azo dye — in 18(>4. In con- 
stitution the basic dyes consist- of salts of colour 
bases. They are direct dyes for woollen and silk, 
and adjective dyes for cotton. Most of them are 
soluble in water, and all in spirit. A few of them, such 
as Aurainine, are decomposed by hot water, and 
they should not be used with hard water, which pre- 
cipitates, and wastes them, as it does the direct cotton 
colours. They are not remarkably fast. On cotton 
they are usually dyed on a tannin and tartar emetic 
mordant. Iron-salts are sometimes substituted 
for the antimony salt, or 'Turkey red oil or soap 
nixed with acetate of alumina. If the tannin 
process is adopted a very short tannin hath at about 
170' F., and containing about 5 per cent, of tannin is 
used, although some, such as Fast Cotton Blue, re- 
quire more tannin for several hours (six at least). 
The goods then pass direct into a solution of from 
£ per cent, to 2} per cent, of tartar emetic according 
to shade. This bath is kept standing, and is 
reinforced as may be necessary. Tf difficulty is 
found in getting level shades, as occasionally happens, 
the goods should be mordanted after instead of 
before dyeing. In dyeing dark shades it is a good 
plan to use decoctions of natural tannins, such as 
sumach or galls, as the natural colouring matter 
]>r#!cnt in the solution saves some of the artificial 
dye. Yet another method of mordanting is to dye 
first with a direct- cotton colour of the same shade. 
In a few cases (as Victoria Blue) the colour is so 
stable that the fibre cannot act upon it with the 
assist a noo of acid. 

On wool, the basic colours are now of compara- 
tively small importance as the acid dyes have 
supplanted them to a large extent. The basic dyes 
are always dyed on wool in a neutral hath. Acetic 
acid is put in if the water is hard, but merely in 
sufficient quantity to soften the water and prevent 
the lime in it from throwing down the colour base, 
whereby the shade would he marie unlevel and spotty. 
Too much arctic acid retards the oxhauslion of the 
bath. (Ilauber’s salt is sometimes used. Silk is 
dyed in a neutrai bath, as a rule, but it may 
he slightly alkaline or acid without disadvantage. 
As is usual in silk dyeing, a soap bath is commonly 
employed. The goods are entered lukewarm, and 
the bath is gradually heated to about 200° F., 
at which temperature the dyeing is finished. The 
basic dyes are faster on silk than on cotton or wool. 

Among the chief basic dyes may he mentioned 
Safranine, Auramine, Cassella’, s Thiodavinc, Nile 
Blue (B.A. and S.F.), Turquoise Blue (Bayer), 
Phosphine (Brook, Simpson &. Spillcr), the 
Hoeehst Tndamines, the Indulines, and others. 
The Hoeehst Janus dyes belong to this group. 
They were introduced "in 1897, and arc azo dyes 
which are remarkable for dyeing cotton, wool and 
silk direct from acid baths! A typical recipe for 
these dyes is 1 per cent, to 3 per cent, of dye, 
2 per rent, of sulphuric acid, and 5 )>er cent, to 
20 per cent, of Glauber's salt. 

Acid Dyes. These are salts, and the colour 
has to be liberated by the addition of acid to 
the hath. In the case "of wool the fibre may bo 
soured before entering the bath. An average 
recipe for wool is : dye-stuff, \ per cent, to 
<i per cent. ; Glauber’s salt, 10 per cent., sul- 
phuric acid, 4 per cent. Kilter hot, raise to the 
boil, and boil from an hour to an hour and a half. 
Their first representatives were Fluoresceine, and 
its bromine-derivative, Eosine, both discovered in 
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1874. When first put on tire market by Bayer 
and Caro, Engine was sold at £18 per pound. The 
Acid Rhodamincs were discovered by Oercsole in 
1888. The acid dyes are mostly soluble in hot 
water. They can be dyed on cotton with the 
ordinary mordants, but. they are not much used. 
From .1 per cent, to 4 per cent, of dye is required. 
The acid dyes have less tinctorial power than the 
basic dyes. The average amount of dye needed 
may be put at 3 per cent. 

On silk, the acid colours are used exactly like the 
basic, except that the baths arc usually made more 
acid and that lower temperatures (say, 110° F.) 
are employed to check any tendency to want of 
uniformity. Silk has little affinity for the acid dyes. 
It is as substantive dyes for wool that the acid (lyes 
find their chief application. The wool scarlets of 
Read Holliday & Sons, Brilliant (Yoceine (Cassella), 
Rose Bengal, Tnrtrazinc (S. (\ I. Basic), the Fast 
Yellows, Alkali Blue (Brook, Simpson, ft Spiller), 
Wool Blue ( Bayer), and last, but not least, the excel- 
lent blacks of this group, such as Naphtha kmc Black 
(Read Holliday), Naphthol Black and Naphthyla- 
mine Black (Cassella), Victoria Black (Bayer), form a 
brief list of some of the most important, acid dyes. 

Some of the dyes, such as the Chromnf ropes. 
Chrome Brown, Alizarine Yellow, etc., arc fixed with 
chromium fluoride, alum, or bichromate, added 
either at the end of the dyeing to the dye bath itself, 
or applied to the dyed fabric in a separate vat. A 
few acid dyes, such as Kosinc and Rhloxiue, require 
the use of acetic instead of sulphuric acid, or the 
resulting shades are wanting in brightness. 

Mordant Colours. This group is divided 
into two classes — the ordinary mordant dves and 
the acid mordant dyes. The latter behave as 
acid dyes after heating with a metallic salt or 
oxidation with bichromate of potash and sulphuric 
arid, with or without the addition of (dauber's salt. 
The ordinary mordant dyes arc substances which 
have the power of combining with the oxides of 
various metals, forming insoluble lakes, and the use 
of these dyes depends upon the formation of the 
lake upon the fibre. 

The general method of the application of tin* acid 
mordant dyes is to mordant and then dye the 
material with them at the boil with sulphuric* acid 
and Glauber's salt, and when the hath is exhausted 
to allow it to cool to about 150 F.. when the 

bichromate is added, the goods being lifted the 
while. The dyeing is then resumed and continued 
for about half an hour longer. Jf more than one 
dye is in use, those should be chosen which require* 
the same mordant. Among the most important of 
these dyes are alizarine and the alizarine colours, 
the Anthracene and Anthracite Blacks. (Yumpsall 
Yellow ( Levinstein), Alizarine Azo Yellow (Read 
Holliday ft Sons), Chrome Patent Green (Kalle), 
and Gailauil Violet (Durand JJuguenin ft Co.). 

Mordant Processes. With the ordinary 
mordant colours the processes may be classed 
as two-bath and one-bath. In the former the 
dye and the mordant are used in separate baths, 
sometimes the dyeing preceding the mordanting 
and sometimes the reverse. In the one- hath process 
the mordant and the dye are used in the same 
hath. The «hief mordants used are various salts of 
iron, aluminium, and chromium. 

One of the most important branches of this kind 
of dyeing is alizarine dyeing. To get. alizarine 
Turkey red on cotton various methods are em- 
ployed. The goods are first impregnated with 
oleine or, better, with Turkey red oil, dried tjnd 


steamed. They are then dyed with from 5 per cent, 
to 20 per cent, of dye and V little acetic acid if the 
water is hard. They are entered cold, and t la- 
bath is very slowly heated to nearly boiling and 
kept at that temperature until exhausted. The 
goods are wrung, rinsed, and dried, and mordanted 
in a fresh bath, the mordant being selected according 
to the colour wanted. If the mordanting is to 
precede the dyeing, the metal must be fixed on tin- 
fibre by a bath intercalated between the mordant- 
ing and the dyeing baths. One method is, after- 
treatment with Turkey red oil, to wring the goods 
and then dry them at a moderate heat (about 
130° F.). They are then given several hours in a 
bath of basic sulphate of alumina made by dissolving 
alum in hot water and adding crystals of carbonate 
of soda when cold. Add I lb. of the crystals for 
every 4 lb. of alum : then fix the alumina in a bath 
of chalk or phosphate of soda and dye. In tins 
process the dyebath must contain lime. 

Erban and S|x*cht were, the first to dissolve the 
dye in a solution of ammonia, fixing with alumina, 
and this was found to be a useful process. For dark 
shades alumiuie acetate is used and converted into 
the basic insoluble form by subsequent steaming. 
For light shades alumina te of soda is used. In this 
ease the steam has to bo accompanied by acetic acid 
to form the basic acetate. Linen is treated as cotton. 

Mordant Colours on Wool. For wool 
with the mordant colours a common mordant- 
ing hath is bichromate of potash, to which i 
reducing acid, such as lactic, formic, or acetic, has 
been added. The chromium is deposited on the 
libre as sesquioxide, and at once forms the lake 
when the goods pass in the dyebath. About. 3 per 
cent, of bichromate is used for dark shades, less for 
lighter ones. The amount of acid is rather less. 
With chromium fluoride, use 2 per cent. to4 per cent., 
and 1 per cent, to 2 per cent, of oxalic acid. When 
alumina is used, the bath is made with 5 per cent, to 
S per cent, of sulphate of alumina, or () per cent, to 

10 per cent, of alum and 3 per cent, to 8 per cent, of 
tartar. This bath should be rather long (say, forty 
times the weight of the wool). If there is too 
much alumina present, the wool absorbs acid as well 
as alumina, and Hie shades on dyeing will be deficient, 
in colour and fastness. If there is too little uln 
mina the colours will he loose to rubbing. The baths 
must be absolutely free from iron or copper. Iron 
is a common impurity of alumina salts. Work the 
wool in the bath — cold —for about 15 minutes. Then 
boil up and boil about, one hour, or rather less. Then 
dye. When iron is used, the bath is made with 3 per 
cent, to 5 per cent, of ferrous sulphate, and 2 per 
cent, to 3 per cent., of tartar, or 1 per cent, to 

11 per cent, oxalic acid. 

In dyeing wool, with some colours, for instance. 
Alizarine WS, the process is different. A bath is 
made with 10 per cent, of Glauber's salt and tin* 
dye. After the wool has been boiled in this for 
half an hour it is lifted and 4 per cent, of sulphuric 

acid is added to the hath. The wool is re-entered 

and boiled for another half-hoiq^ Then the iron, 
chrome, or alumina mordant is added, and aftci 
45 minutes’ more boiling the process is finished. 

Mordant colours are too ex]>ensive for silk, as 1 
rule, but when used, alumina is the chief mordant, 
as silk is difficult to mordant with ohromium. 

Besides alizarines, this class includes some of < la- 
anthracenes, such as Anthracene Brown, Flavopm*- 
purine, Chrome Fast Yellow (Berlin), Galloflavin* 
(B.A. & S.F.), Diamond Blacks, Gallamine Blue 
(Bayer), Chromoeyanine (Durand Huguenin)- 
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BEE-KEEPINO 

kept in straw hives called skeps, and when the 
honey was wanted the bees were suffocated by 
means of sulphur fumes. This cruel way of obtain- 
ing the honey is fast dying out, and the humane 
method of taking the honey in sections, and by 
extracting it from frames, is becoming more and 
more popular every year. The British Bee-keepers’ 
Association has fixed upon a “ standard ” frame 
|6] to contain the honey-comb in the body- box of the 
hive, the outside measurements of 
which are 14 in. long at the bottom, 

8^ in. deep, and the top bar is 17 in. 
long, so that in almost all apiaries 
the internal dimensions of hives are 
the same, the only variation being 
in the number of frames. 

Hives and Accessories. 

There are many different hives on 
the market, but one of the most 
serviceable of all is that known as the 
*' W. B. CV’ 18]. A useful hive for tiering up for run 
honey is .Meadows’ “ XL All." Tf readers have (lie. 
opportunity of purchasing second-hand ones, which 
can usually he bought at a material reduction in price, 
hives by any of the following makers, amongst 
others, may be safely purchased : Lee, Blow (now 
Taylor), Abbott, Meadows, and Neighbour, Hiom* 
by the last-mentioned being now sold by Abbott. 
But an assurance should in all cases be obtained 
from the seller that diseased bees have not been 
kept in them. Even with this guarantee, (lie 
hives ought to be thoroughly cleansed by being 
well scrubbed with hot soapy water, ami, when 
dried, painted with a solution of one part of 
Calvert’s No. 5 carbolic acid to two parts of water. 
After being exposed to the air the smell will 
disappear, and the hives will be ready for 
occupation. 

When a hive is purchased new, the following 
accessories must be obtained wit li it: one dozen 
standard frames fitted with full sheets <jf brood- 
foundation wired; \Y. B. C. ends for each frame; 
a division board ; a square of coarse calico, some 
quilts, a smoker, a veil, a feeding bottle, and a 
rack of sections containing full sheets of founda- 
tion. These will cost from 2ns. to according 
to the quality of the hive. 

In arranging an apiary it will be found a con- 
venience to work hives in pairs, instead of having 
them spaced varying distances apart, and as far 
as possible the roofs, lifts, and 
floorboards should be interchange- 
able. As hives are best examined 
from the rear, or from the right- 
hand side, care must be taken 
that stocks in the rear are not 
so near as to cause the operator 
to be within the line of flight of 
the bees. Advantage should be 
taken of the shade which is 
provided by large trees, for in 
the summer time the glaring sun 
upon the hives is a frequent 
cause of swarming. 

Hiving the Swarm. When 
the swarm arrives, prepan- the hive for its re- 
ception by taking off the roof and quilts, and 
removing ^he division hoard with some of the 
frames of foundation, leaving in half a dozen 
spread out an equal distance apart. Put on the 
top of the frames the sheet of calico, making a hole 
2 in. in diameter in the centre; then place over it 
the feeding bottle containing syrup made of 0 lb. 
Of loaf sugar (preferably Tate V No. J), 44 pints of 
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SPECIMENS OF COMB 
Worker on tin* left, 
Drone on t lie right 



water, 5 teaspoonfuls of vinegar, and a heaped 
teaspoonful of salt, boiled in an enamelled saucepan 
for three minutes, care being taken that the syrup 
does not burn. On the top of all put the woollen 
wraps, then replace the lid of the hive. Prop up the 
body-box in front an inch; then, from the alighting 
board of the hive to the ground put a board 2 ft. 
wide, for the bees to run up into the hive, since 
bees always crawl up, never down. Prepare 
the smoker by rolling a piece of 
cotton rag and lighting one end. 
Having removed the nozzle, put 
in the smouldering rag, and work 
the bellows with the replaced nozzle 
pointing upwards until smoke 
comes out freely. 

( nref ully unscrew the lid of the box 
containing the swarm; then put oil 
I ho veil, tucking it well inside the 
coat all round. Slowly lift the 
lid of the box, and with a jerk throw the bees 
adhering to jt on to the slanting hoard. Put the 
lid aside and lift up the box of bees; then throw 
them out amongst the others with another sharp 
jerk. Now, take up a position by the side of the 
hive, with the smoker in the right hand, and if 
the bees do not at once enter the hive, give a puff 
or two of smoke, or throw some towards the 
entrance. It is most likely, however, that the bees 
will set u]) a pleasant hum, and at once proceed 
to enter their future home. A careful watch for 
the queen should be kept, for once she lias entered 
the hive the. bee-keeper need trouble no further 
for that day. Next morning it the weather is 
fine and warm, light the smoker and give a few 
puffs into the entrance of the hive, then in two or 
three minutes remove the roof. Gently lift off 
the woollen wraps, take away the empty feeder, 
give a puff of smoke over the hole to send any bees 
down, and gently peel off the calico, giving a few 
puffs of smoke as you do this. The bees will be 
found clustering on the frames, and if any are not 
well covered with bees they may be removed, the 
bees being shaken off first . If the bees are too 
crowded, a frame or two more may be added. 
The hive should be left alone for a few days, feeding 
to be continued if honey is not coming in freely. 
When next examined, several of the sheets of 
foundation will be found converted into combs, 
some containing a large number of eggs, if the 
queen was hived safely. 

Stings. The only objection to 
bee-keeping is the risk of stings 
being received ; yot the liability 
of being stu»’g, and the pain 
resulting therefrom, have been 
greatly exaggerated. Frequently 
hive after hive can be examined 
without a single sting being re- 
ceived, but accidentally kicking 
a hive, jerking the frames, 
hurriedly drawing the hand 
away, or breathing upon the bees 
will frequently Bird ta to them. 
When manipulating hives, all 
movements should be deliberate and gentle, and 
the smoker or carbolic cloth ought to bo used 
until perfect confidence has been gained. The 
simplest thing to do when suing is to scrape out 
the sting with the finger-nail, care being taken 
not to pinch it with the fingers, lor this sends 
more of the poison into the wound, then to apply 
a few drops of solution of potash, or of diluted 
liquid ammonia. 
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Reference has already been made to the use of 
the smoker for controlling bees, but. carbolic acid 
js another most useful and cheap quieter. A carbolic 
cloth is made by cutting a piece of calico to the size 
of the top off the body -box, then sprinkling over it a 
solution of carbolic acid, one part of Calvert's No. 5 
to three parts of water. The cloth should be rolled 
up and kept in a closely-fitting tin box ; and when 
it is applied to the lop of the frames for a few mo- 
ments it will send the bees down between the combs. 

Swarming, and the Fight of Rival 
Queens. The reason for swarms issuing lias already 
been given. Lot us see what takes place in a hive 
about the month of June, as this will help us to 
understand what artificial swarming means. When 
a hive is crowded with bees and brood, the bees 
prepare special cells for the <pieen to lay those eggs 
in which are to produce queens. These cells are a 
sure sign of a swarm being about to issue, and a 
further sign is when clusters hang about ( he. entrance. 
When the queen cells have been sealed over, most of 
the flying bees fill themselves with honey, and some 
time after nine o’clock in the morning they pour 
out of the hive with the old queen, leaving the young 
bees to care for the remaining unsealed larva*. 

If by accident there should be two queens in 
a hive they fight for supremacy, the victor slinging 
her rival to death. When one of the queens ha' dies 
out of the cell she makes an effort to destroy 
rivals in other queen cells. If (he hive is very 
strong the bees may prevent her doing so, in which 
case she often makes a piping sound, and the next 
day, if fine, she leaves the hive with most of the flying 
bees, these being called a cast," not a “ swarm." 
The same may happen when other queens hatch out, 
thus weakening the hive ; in order to prevent this, 
after the swarm has issued, each frame of brood 
must* be carefully examined and the point of a 
penknife stuck through each queen cell with the 
exception of the largest and best shaped. If other 
hives are queenless, the queen cel’s may be cut out 
and inserted between the frames of these hives, 
taking care that the cells hang downwards when) 
the bees are most crowded. 

Taking and Making Swarms. Swarms 
should be taken late in the afternoon, though if 
the snn is shining upon the bees in the daytime, 
a temporary shade must be rigged up. The taking 
of a swarm is quite a simple affair. Place underneath 
it a large skep to receive the bees, then give one 
sudden jerk to the branch on which the swarm hangs, 
when most of the bees will drop in, and it is practically 
certain that the queen will be with them. If many 
fall about the ground, put the skep in its usual posi- 
tion on the ground, but propped up an inch on one 
side, when all the bees will go inside and cluster from 
the roof of the skep. 

It is possible to make an artificial swarm. When 
the hive is crowded with bees from end to end, 
lift it to a new stand, and in its place put a 
fresh hive containing five frames of brood 
Inundation wired, or five empty combs, leaving 
a space in the centre for a comb of brood and 
bees, on which must be the queen, to be taken from 
the old hive. Contract the size of this new hive 
by using a division board, and put woollen wraps 
on the tbp of the frames. These operations must he 
carried out in the middle of a tine day, when the 
bees are flying freely, and if honey is not coming 
in the swarm should lie fed with several pounds of 
fl yrup. The bees that leave the old hive to gather 
honey and pollen will return to their old stand, and 
consequently enter the new hive, thus forming, with 
the old queen, the swarm. The young bees in the 


old stock soon become foragers, and large numbers 
of bees hatch out daily. This plan of artificial 
swarming saves much anxiety and waste of time 
in waiting for swarms to come off. 

The Time to Begin Bee-keeping. The 
most satisfactory time to begin bee-keeping is 
before the honey-flow, say early in May, for 
the return of hone}' is most, encouraging to the 
beginner, and serves to eountcrbnlance the pain 
and inconvenience caused by slings. If a swarm 
and a new hive are purchased at that time there 
is every prospect of a fair start being made with- 
out the inroad of disease ; and if a stock with a. 
young queen be purchased in the spring, it will he 
sure to give a good return of honey, provided the 
season and district prove favourable. But the 
cheapest way to commence bee-keeping is to buy 
driven bees in the autumn, when they can bo 
bought for from Is. 3d., or even less, to Is. (id. per lb. 
as against 2s. (id. or more charged in May and dune. 
As no honey is coming in then, the. bees have 
to be fed freely, from 35 lb. to 40 lb. of syrup being 
given to 5 lb. of bees, if frames of foundation are 
provided. If empty combs are available, from 25 to 
30 lb. of the syrup will he sufficient. 

How to Obtain a Good Return of 
Honey. When left to their own devices, bees 
raise numbers of drones; and the more drones 
there are in a hive, the fewer will l>e the worker 
bees to gather honey, and the greater the amount 
of stores consumed. By the use of foundation, 
bees can be compelled to draw it out into combs 
in which workers will be raised. If left to them- 
selves, stocks of bees may persistently swarm, 
with the result that there is a reduction in the 
amount of honey gathered, for weak stocks will 
not store surplus honey. If, however, such stocks 
are joined together, and are headed by a young 
queen, they will gather enough for their winter 
supply and a fair surplus in addition. Bee- 
keepers should remember that it is a far wiser 
policy to have throe strong stocks than a dozen 
weak ones, because a strong stock will gather 
from 20 lb. to 00 II). of surplus honey, or even 
more, according to the season and tin; district, 
whereas a weak one will gather only sufficient for 
its own consumption, leaving no surplus. 

Honey is disposed of and eaten in two states — - 
in sections (comb honey), ami extracted from the 
comb (inn honey). As the bees have to build the 
combs in sections, whereas in the case of extracted 
honey the combs can be* used time after time, 
becoming stronger and more serviceable with age, 
it is evident that more run honey can be obtained 
from a given stock than section honey. On the oilier 
hand, the latter fetches a better price, it is more 
attractive, and in some eases it is more easily dis- 
pos'd of, for retail i-hops frequently prefer section**. 

A Strong Stock. Let us now consider what 
must be the necessary condition of a stock of bees 
at the comment <*ment of the honey-flow if a good 
return of honey is to be obtained The hive must lx? 
a large one, holding from 10 to 12 frames, and these 
must be crowded with hees from end to end, and bo 
almost full of sealed brood, larva) and eggs. If, 
by assistance of frames from other hives, all combs 
contain chiefly sealed b;ood, so much the better. 
The fact should, therefore, be strongly impressed on 
the memory that the hive must be packed with brood 
and bees if a good surplus is to be gathered, in 
order that when the rack of sections or super of 
shallow frames is put on, the bees go up at once, 
glad of the extra space given to them. If they 
refuse to start work during the first few days of 
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the honey -flow, 'there will he a loss of honey at the 
rate of tietweon 2 lb. and 3 lb. per day in each hive. 

There are two kinds of supers — one holding 
shallow frames, from the combs of which honey 
is extracted, and the other containing 21 sections, 
each of which f 10J should be furnished with a 
sheet of exceedingly thin foundation, which the 
bees build out into comb that can l>e eaten. 
The best time to place the super on a hive is 
when it is crowded with bees just before the honey, 
flow. If the stock is in a very forward condition, 
it may be wise to put on the super some time before 
the honey comes in freely, so as to give the bees 
more room : but only experience will show when to 
do this. When supers containing shallow frames 
are used, a sheet of excluder zinc {7] must be placed 
underneath between the body-box and the super, 
to prevent the queen from laying there. As a rule, 
the fault of beginners is to put on the super too early, 
thus interfering with the warmth of the brood-nest 
and checking the raising of brood. 

Packing Supers. 

A point which requires 
the careful attention of 
bee-keepers is the pack- 
ing of the supers to 
keep them warm. As 
they go on the top of 
the brood • nest, the 
supers must be well 
covered, first, with a 
piece of calico or 
American cloth, and 
afterwards with woollen 
wraps to keep in the 
warm air; and they 
must also be well packed 
round the edges of the 
frames. If the super is 
chilly or draughty the 
bees will not enter it, 
and owing to careless- 
ness in packing many 
a bee-keeper loses sur- 
plus honey. 

When a section rack 
is two-thirds full, and 
honey is coming in 
freely, as shown by the 
bees pouring in and out 
of the hive, the rack 
should be lifted, and 
another put underneath, 
then all should be 
packed as warmly as 
before. The sections n the upper rack will 
lie completed and sealed as the honey ripens, 
whilst the bees will set to work on the founda- 
tion in the Jowcr section rack. Any partly drawn- 
out section at the end of the honey -flow should be 
kept for another year, since bees go up into the super 
much more readily when some of these “ bait 
sections ” are provided. 

Removing the Honey. When it is neces- 
sary to remove the honey, the bees are made to 
leave the super by means of a, super clearer [9], 
which does the work excellently. It is a board the 
size of the section rack, with n hole in the centre 
containing an ingenious contrivance called a 
“ Porter ” beu-escajie [11], and by the use of this the 
super is quite clear of bees in under twelve hours, 
and can be lifted ofV the hive without any trouble. 

. If it is possible to 1 *ave run honey in the hive 
until it is sealed, its consistence will bo much 
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improved; but at times it has to be remove 1 
before it is thoroughly rip?, in which case the 
extracted honey must be placed in a honey-ripencr 
[12] in a warm room. 

Extracting Honey. Extracting honey from 
the comb is carried out by an extractor [13], the cage 
of which revolves at a very rapid rate, throwing the 
honey to the sides of the extractor, when it slowly 
trickles down and runs out at a hole to which a 
tap is attached. The cappings of the combs on both 
sides have to be shaved off, for which purpose a 
Bingham knife, or a W. B. C. uncapping knife, 
should be used, and this has to be kept in hot water. 
When the combs have had the honey extracted 
from them, they must be given to the bees to fill 
again, provided the honey -flow continues, or to be 
cleaned up if the flow is over. In the latter case, they 
are placed on the top of the super cleare-, and 
the bees will clean the combs perfectly, carrying 
the honey below. The dry, empty combs should 
at once bo tied up in packets to keep out 
moths, and kept in a 
dry, cold place. Three 
or four halls of naph- 
thaline. split in two 
pieces, should be put in 
each parcel. 

All pieces of comb 
ought to be put into a 
closed box, in order that 
moths may not be en- 
couraged, and in spare 
moments these should 
be melted down. Jn 
the summer time this 
may be done in a solar 
wax extractor, but at 
other times the melting 
can be done in a tit cam 
wax extractor, which 
costs about 10s. * Where 
there is only a small 
quantity of wax to be 
melted down, a little 
ingenuity will enable 
this to be done with 
home utensils. Many 
persons use a potato 
steamer, putting the 
pieces of comb in the 
upper part, and two 
inches of rain-water in 
the lower part, then 
standing it for a time in 
an oven not too hot. 

Raising Queens. Queens will live for four or 
five years, but they should not be permitted to reign 
more than two years. There are two suitable times 
for re-queening hives — some time before the honey- 
flow, say, early in May in districts where the honey 
is ehielly obtained from the clover and lime, 
and after the honey-flow, about the end of July. 
The latter is the popular time, fo%then queens are 
cheap, and they can be raised quite easily. The 
method of re-queening a hive is very simple, for if 
the queen is removed, the bees will at once set to 
work raising others. Three days after the queen 
has been taken away the queen cells should be 
examined, and the two containing the smallest 
grubs should be left, the others being destroyed. 
In a week’s time the two cells must be again examined , 
when the poorer bne of the two should be destroyed. 
A queen cell is then put, hanging downwards, between 
tli© frame j of each hive needing to be re-queened. 
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If it is not convenient to introduce a young 
queen to a stock, she may be kept in a nucleus 
hive, which is made by putting one frame of sealed 
brood and two frames of stores, well covered with 
bees, into a hive, the frame of brood in the centre ; 
then contracting the size of the hive by means of 
division boards, and shaking into it the bees off two 
or three other frames, so that when all Hying 
bees have returned to the parent hive, there will 
still be left a sufficient number to keep the brood 
warm. The division boards may be raised a quarter 
of an inch to allow any straggling bees to crawl 
under to join the others. 

There is sometimes fear ns to shaking bees from 
combs: but, provided the stock is smoked a little 
beforehand, in order to frighten 
the bees, and thus cause them to 
fill themselves with honey, there 
need be no apprehension, Rees 
in this condition can be shaken 
off the comb on to a sheet of 
newspaper, then rolled about and 
poured into the nucleus hive 
like so many currants. In shaking 
the bees from the frames there 
must be a sudden jerk. not. a series of gentle 
shakes, or the hoes will ho irritated. 

Introducing Queens. A great deal of fuss 
is made about introducing queens; but. provided 
a hive has been queenless for fort y-eight hours, a 
fertile queen will usually be accepted at night by 
lifting a corner of the quilt and letting her run down, 
a few' puffs of smoke having previously been given. 
If all the brood is sealed, a virgin queen can he 
thus introduced. Some years ago Sir. Simmies 
found out the following excellent method of direct 
queen introduction. Remove the old queen at mid- 
day ; then, when it is quite dusk, keep the new queen, 
which must be fertile, without food for half an hour. 
After giving a puff or two of smoke at a 
corner of the quilt, which lias been lifted, 
let her run down between the frames. A 
hive should not be examined after the intro- 
duction of a queen for two or three days. 

When manipulating hives, and especially 
when the honey-flow ceases, care must be 
taken that bees do not get what is known 
ns the robbing fever. To prevent this, 
hives must never l>e kept opened, and sViaip 
or pieces of honeycomb should not be left 
about. This caution is especially necessary 
when the surplus honey has been removed 
from hives, at which time weak stocks and 
nucleus hives should have entrances so re- 
duced that only tw r o bees can enter at a time. 

Wintering Stocks. One of the most, 
important periods in the bee-keeping year is 
autumn, when the packing of the hives for 
winter has to be carried out. The essentials 
for safe wintering are strong stocks, ample 
stores — say 25 lb. to 30 lb. of sealed honey or 
syrup, plenty of woollen wraps, good ventila- 
tion, water-tight roofs, and passages for the 
bees above the combs. The last-mentioned are 
•arranged by putting some pieces of ] in. sticks, 
or some twigs, across the frames, which should 
be spaced a little wider apart than usual. A 
hole should be cut in the calico so that a cake of 
candy can be placed on in the spring, if necessary. 
An important point to be borne in mind is that a 
young queen lays late in the summer, with the 
result that there are plenty of young bees to live 
through the winter ready for the hard w ork of spring, 
and she also begins to lay much earlier and more 


freely than an old queen. After being carefully 
packed for the winter, hives should not be thoroughly 
examined until the end of March: and if a peep 
under the quilts in February shows that the 
stores are running short, a cake of candy can be 
put over the feed-hole, and renewed as often as is 
necessary. 

If stocks are increased by artificial or natural 
swarming, not much honey can be expected, 
excepting in very good districts or in unusually 
good years: therefore tin* bee- keeper must, make 
up his mind which he requires, honey or stocks. 

Feeding Stocks. An important feature of 
modern bee-keeping is feeding. Rees an* fed in 
t lie spring, if there is not sufficient in the hive for 
their maintenance, or in order 
to stimulate the queen to lay 
freely : they are fed again in the 
summer if honey is not coming 
in quickly enough to provide 
food for the very large brood 
nest; and, lastly, in the autumn 
they have to be fed, if there 
is not the* requisite amount of 
stores for the winter. In spring 
and summer the feeding should usually I>e what, is 
know'll as slow, stimulative feeding, only three or' 
four holes of the graduated feeder being used. In 
autumn the feeding lias to he rapid, lienee all the 
holes should then be u-cd. 

tiranulated honey— that Js to say, honey which 
has become more or less like eandv, can be 
rcliqudied by standing the pots in hot water — not 
boding water, or the flavour of the bonev will be 
spoilt. The granulation may sometimes be post- 
poned by keeping the honey in a warm, dry place. 
Section honey which has become granulated can 
be put in a jar, stood in water sufficiently hot to 
melt the wax, when the honey will reliquefy, and 
the former can be taken in a cake off the lop. 

A Few Recipes, fjimly—1 lb. loaf 
sugar (preferably Tate’s No. 11, IJ pints 
of water, 1 teaspoonful of cream of tartar. 
Roil in an enamelled saucepan for a few 
minutes, keeping the syrup well stirred, and 
taking care that it docs not burn or boil 
over. To test whether it lias been sufficiently 
boiled, drop a little into a glass of cold 
water, when, if just right, the syrup will be- 
come like putty. When sufficiently boiled, 
remove the saucepan from the fin* and place 
it in cold water; then stir the syrup for about 
15 minutes, by which time it will be*como very 
thick. It can then be poured into soup-plates, 
in each of which a piece of paper must lie put. 

Syrup for Spring and Summer — To each 
pound of loaf sugar add three-quarters of a 
pint of water, a heaped saltspoonful of salt, 
and three-fourths of a teaspoonful of vinegar. 
Roil for a few minutes, taking care the 
syrup does not burn. 

Syrup for Autumn -- To each pound of Tate's 
No. 1 sugar add half a pint of water, three-fourths of 
a teuspoonful of vinegar, and a small saltspoonful 
of salt. Roil for a few minutes without burning. 

licta-naphth(jl Solution — It is wise to medicate 
all food with lieta-naphthol solution, in ease foul 
brood should be introduced into the hives. The 
mixture is made as follows : Put some methylated 
spirit into an 8-oz. bottle, add 1 oz. of bot£>naph- 
tnol, which will cost Oil. or a little over at the 
chemist’s, shake the bottle well, then till up to 
8 oz. with spirit. A teaspoonful of the mixture 
is the proper amount for each 2J lb. of sugar, 
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and it should he added when the saucepan lias 
been taken off the fire, after which the syrup 
should he well stirred. 

Carbolic Acid Solution — This is made by shaking 
well one part of Calvert’s No. 5 carbolic acid with 
two parts of water for disinfecting hives, and one 
part of the acid to three parts of water for sprinkling 
on the carbolic cloth for quieting the bees. 

It is wise to keep naphthaline constantly in the 
hive, the proper dose being two balls split- in two, 
and the pieces should be put as far as possible 
from the entrance. 

The Commercial Side. Now let us 


estimate the actual profits 
of bee-kcoping, which vary 
according to the locality, the 
season, and the ability of the 
bee-kce]x*r. Taking a fairly 
good locality, and a person 
with a thorough knowledge 
of the work, an average 
profit- of from 7s. <>d. to 

12s. (hi. per hive may reason- 
ably be expected. Of course, 
in some years far more than 
12s. (id. per hive will be ob- 
tained, whereas in others 



there may be but little sur- 13. HONEY EX- 
plus, owing to bad weather. TRACTOR 

The ligurcs given do not 

refer to just two or three strong hives, but to the 
average of a number, both strong and weak. 

Another profitable, branch of the business is the 
selling of swarms, stocks, and nuclei. Swarms are 
sold at from 10s. (id. to Ins., but it is a good plan 
to have a fixed price per 11). Stocks of bees, if 
bought in March or April, will cost about £1, and 
with proper attention a strong stock with a young 
queen purchased then can be converted into two 
strong stocks by the autumn. 

Queen-raising as a business is remunerative, but 
requires more than average knowledge and skill. As 
queens are sold for about 7s. (id. in April, f>s. in May 
and dune, 4s. in July, and for about 3s. afterwards, it 
will be seen that the profits are satisfactory, though 
nono too great., bearing in mind the work, time, 
trouble and risk involved. Queen breeders who have 
a good connection arc able to ask even higher prices 
than those mentioned. It is not everyone who 
is able to handle queens, and it certainly requires 
a little knack to find them easily and to pick them 
up quickly by the wings. Queens are sent by post 
in cages containing three circular holes, in one of 
which is placed a mixture of honey and castor 
sugar well worked and of sufficient consistence 
not to run. In the other two holes the queen, 
with a dozen or more young workers, will 
keep in good condition as long as the candy 
lasts, and over these two holes a piece of wire 
cloth is put. 

Storing and Packing Honey. Honey 
must be stored in a dry, warm place, in order to 
defer granulation, which always takes place in the 
case of pure honey, as long as possible. Sec lions 
must la? packed in boxes or parcels to which moths 
cannot gain access. Ordinary biscuit tins will 
hold 10 sections, and these boxes will last a life- 
time ; or the sections can be packed in the empty 
racks, which should be tied up in paper. Run-honey 
should* be bottled at once, otherwise granulation 
will take place when it is in a large receptacle ; and 
it should be strained through two thicknesses of 
fine muslin, in order that it may be clear. A label 
sta ting that the honey is pure, and giving the name 
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and address of the bee-keeper will help to increase 
the sale. Bottles of honey can be packed well in 
boxes containing divisions, with corrugated paper 
round each bottle, and at the top and bottom. 
Sections travel best in specially-made crates with 
springs to prevent the. jerking of the honey [14J; 
but only dozens or two dozens can be sent in this 
way. Where large quantities have to be forwarded, 
sections should be tied up in paper in parcels of 
six, with a piece of wood the size of the section at 
each end, and packed in boxes with thick pads of 
straw at the sides, top, and bottom. The object of 
the tying in half-dozens is to limit the mess and 
the loss in ease of an accident. 

Marketing Honey. The essentials in mal* 
ing and keeping a market- are to sell only high-class 
honey, to supply punctually, and to arrange that 
orders can always be* executed. Small producers, 
as a rule, sell their honey privately, and by this 
means get the highest price ; those who keep a 
number of hives must look for a wider field for the 
larger quantity they produce, and to those the retail 
shops will pay a good price for first-class honey — 
from 8s. to Os. per dozen sections or pound jars. 
But those who keep a very large number of hives 
must bo content, to accept, a lower price in view of the 
large, quantities disposed of. The* prices paid by 
the wholesale merchant vary from 7s. to 7s. Od. 
per dozen for good sections ; first-class run-honey 
in bulk ought to fetch 5(is. per cwt. 

It is necessary to grade sections and run-honey, 
and the former can usually he divided into three 
classes. The first should be of full weight, well 
sealed, and of good colour : the second ought also 
to be of good weight, though not so well finished 
off ; the third grade, under 1 lb. in weight, should 
not be sold, since they bring discredit on the honey 
trade. All sections should he scraped clear of 
propolis. Run-honey also needs to be graded, 
only that of good consistency and colour being sold. 
Sometimes it is of an exceedingly dark colour, 
especially when there is an admixture of wlmt is 
known as “ honey dew ” ; but this should never 
be sold. It. can be fed back to the bees. 

It is a bad policy to place quantities of honey 
on the market in 
good seasons, since 
this tends to lower 
the price, to the 
detriment of honey 
producers i n 
general. T h e 
greatest sinners are 
those who keep a 
’ few hives, when in 
‘.ia good season they 
secure a hundred 
or two sections. 

14. SPRING CRATE FOR Fearing that the 
MARKETING IIONEY honey will be left 
on their hands, they 
offer the sections at a ridiculously low price to local 
shopkeepers. If put in a warm, dry place, sections 
will, as a rule, keep for a long time, and there is no 
necessity to hurry to place them on the market. 

Bee-keeping Expert’s Certificate. 
Those who intend to go in largely for bee-keeping 
should work up for an expert’s certificate, which can 
be obtained from the British Bee-keepers’ Associa- 
tion in three grades. A holder of the lowest certifi- 
cate — the third class — can be depended upon to be a 
thorough practical bee-keeper; the second and 
first-class certificates are awarded to those who have 
a higher scientific knowledge of the subject With tho 
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interest which is now being taken in modern bee- 
keeping by county councils, experts arc in request 
by bee-keeping associations, and there is every 
reason to expect that facilities for lecturing on this 
subject in bee tents, as well as for teaching, will 
increase year by year. There is a scarcity of really 
good experts for the work referred to, and the 
higher remuneration which will be given as more 
interest is created in the subject will without doubt 
cause an improvement in the class of person willing 
to qualify. Another part of the expert's work in 
some districts is the driving of bees for cottagers 
in the autumn. In spite of the efforts made by i ee- 
keeping associations in country districts, bees are 
sometimes killed for the sake of the honey, and in 
these cases experts drive the bees from the shops, 
keeping them for their trouble, or only paying a 
nominal sum, and giving the owner the honey. 
These driven bees fetch a good price. Is. (id. per lb. 
being obtained in August, and from Js. 2d. to Is. 4d. 
per lb. in September. 

Diseases of Bees. The most troublesome 
disease in bee-keeping is that known as foul brood ” 

[ 1:.] or “ bee pest,’’ which attacks chiefly the larva?, 
with the result that they die in numbers and rot in 
the hive. In due course the diseased material 
in the cell dries up, the bacilli become spores, and 
these, when they find a 
suitable medium, re-de- 
velop into bacilli, and so 
t he cycle goes on until all 
spores and bacilli are abso- 
lutely destroyed. Healthy 
larvae are of the same 
colour as the eggs, and 
lie curled up at the 
bottom of the cells; but 
some bee-keepers have at 
times a little difficulty 
in telling whether dead 
ones are diseased or have 
succumbed to cold. It 
should be remembered 
lhat chilled larva* are at 
first of a greyish colour, 
and then turn somewhat 
black, whereas diseased ones are at lirst of a straw 
colour, and then turn brown. Dead, diseased 
larva* can lx; drawn out of the colls in long, strimjy 
nieces if a match be inserted: and when a stock is 
badly diseased, very many of the sunken cappings 
of the cells will have a small hole in them. An ex- 
perienced bee-keeper can frequently tell a ease of foul 
brood from the smell, which may sometimes be 
detected some distance from the hive. To prevent the 
inroad of thii disease, the bees must be kept strong, 
with a young queen, say, not more than two years 
old; the hive must be kept clean, the floorboard 
being regularly washed every year; the (omhs 
must not be allowed to get too old. and when the 
bees are fed, the syrup should be medicated with 
heta-nnphthol solution. The cure of a diseased 
Stock is not a difficult matter. Shake the bees off 
the combs into a large box, sometimes called the 
“ hospital box,” which must have openings 2 n. 
wide coveied with strips of perforated zinc 
each side right along the box, with another strip 
along the lid. Confine the bees in this box for 
forty-eight hours, giving them, after twenty-four 
hours, medicated syrup ; thus all the diseased In ney 
will be consumed. Destroy the frames and cover- 
ings, and have the hive well scrubbed out with hot 


water, using plenty of soap. When it is dry, 
paint it with a strong solution of carbolic acid 
and water — one part of Calvert’s No. . r » to two 
parts of water. Care must be taken that the liquid 
does not. touch the hands, and that drops do not 
fly into the eyes, as it bums acutely. Expose 
the hive to the air, and at the end of forty-eight 
hours put in fresh frames and introduce the bees, 
feeding for a while longer with the medicated syrup. 
The Hoard of Agriculture's leaflet No. 32 gives 
fuller particulars of this disease. 

Dysentery and Spring Dwindling. 
A disease, which is not nearly so common, though 
from time to time it is met with, is dysentery. 
This frequently occurs through giving tin* bees 
unwholesome food, especially when they cannot leave 
the. hive owing to bad weather. The bowel becomes 
distended, and the bees void excrement over the 
combs. To cure them, give a clean hive, fresh combs, 
and either properly-scaled stores or candy. Disturb 
the bees afterwards as little as possible, but wrap 4 
up the hive warmly. 

Spring dwindling, which is spoken of as a 
disease, is usually the result of bad management. 

It is caused by the bees dying at. a more rapid 
rate than that at which the new ones are being 
raised. The mortality of bees is always great, 
but in the spring it is 
essential that care should 
be taken to prevent cold 
winds and wet days 
carrying off an abnormal 
number of bees. Alight- 
ing boards should he pro- 
vided, so that tired bees 
may not be lost; in very 
windy quarters the hives 
should be sheltered ; and 
pea Hour sprinkled on 
straw with shal'ow pans 
of water should be 
placed in sheltered situa- 
tions near the hives. 
The best preventive of 
spring dwindling is a 
young queen. 

Insurance and Journals. Thanks mainly 
to the efforts of Mr. T. I. Weston, vice-chairman 
of tin; Domicil of the British Bee-keepers' Associa- 
tion, there are now facilities for insuring against 
loss as a consequence of bees stinging persons and 
animals outside an apiary. The danger of being 
mulcted in damages has always been a son' point 
with bee-keepers, but. now, for the payment of 
oife penny per hive, with a minimum payment of 
Od. lot members of bee keepers' soeiei ies. owners 
of hives are protected to the extent of £30. Full 
particulars can he obtained from the Secretary of 
the British Bee-keepers’ Association, 12, Hanover 
Square, London, \V. 

All bee-keeiMTS should endeavour to join a bee- 
keepers’ association, and those who are unable 
to belong to a local one should join the British 
Bee-keepers’ Association, which is the parent society. 
Those who wish to make real progress in bee- 
keeping should read regularly bee-keeping periodi- 
cals. The “ British Bee.louriial " is published weekly 
atone penny, and the *’ Bee-keepers’ Record ” issued 
monthly at' 12, Hanover Square, W., for twopence. 

A very useful book is Cowan’s “ British Bee- 
keeper*’ Guide-book ’’ (W. B. Carr, 8, HcSnrietta 
Strict, W.C.). 

; followed by Gardening 


Bee-keeping concluded 



15. FOUL BROOD IN AN ADVANCED STAGE 


50(33 


Group 20 

transit PRINCIPLES of ship designing 
28 

General Conditions. Equilibrium of Floating Bodies. Calcula- 
coutinuedfrom tion of Areas, Volumes, Displacement, and Stabilty of Ships 

page* 


By Dr. J. BRUHN 


1FN a nhi]) is required, it is usual for the in- 
tending owner to approach a builder and ask 
him to construct a vessel fulfilling certain specified 
conditions. These will, as a rule, be quite sufficient 
to determine the character of the vessel, and will 
thus enable the designer to proceed with his work, 
but the owner's specified requirements presuppose 
nearly always certain fundamental conditions, 
which all vessels, whatever their purpose, must 
fulfil. In the first instance, all ships must be able to 
float on the water, they must be able to float in the 
upright position, and they must possess sufficient 
structural strength to float without receiving injury 
to the hull. The duty of seeing that the last con- 
dition is fulfilled is, for sea-going vessels, usually 
relegated to one or other of the societies looking 
after the insurer’s interests. The designer’s primary 
concern is, therefore, that the vessel will float and 
float upright. 

The Owner's Requirements. The pro- 
spective owner will probably lay down conditions as 
to the cost, the cargo-carrying ability, the amount of 
space available for cargo or passengers, and he may 
also specify the maximum draft at which the cargo 
is to bo carried as well as the sj>eed and the coal 
consumption, and very likely he may also limit 
in some way the principal dimensions of the ship — 
that is, the length between perpendiculars and 
the breadth and depth moulded. It is the duty of 
the designer to see in the first instance whether the 
problem of producing a ship fulfilling all these 
specified conditions is at all capable of solution. 
It will often be found that all the wishes of an 
owner cannot l>e met. It is therefore desirable 
that a certain amount of latitude should lx* left 
to the designer in dealing with the various problems 
•placed before him. It will then be his duty to effect a 
compromise between the many conflicting condi- 
tions. and to produce what will be on the whole the 
most satisfactory ship from the owner’s point of 
view. It will easily be understood that each of the 
owner's requirements usually tends to increase the 
difficulties of the designer. It is an easy task to 
design a ship that will float ; it is a more difficult 
one to design one that will carry a given amount of 
cargo, and a still more difficult one to construct a 
vcssol that will carry the required cargo without 
exceeding a certain specified draft. From the owner's 
point of view the cost of the ship will usually be the 
primary condition, and it will at once place a very 
rigid limit on tlio possibilities of the design. 

Cargo-carrying Capacity. The next im- 
portant requirement of the owner will probably be 
the insisting on a certain amount of cargo being car- 
ried. This may, however, often amount tc the same 
condition as the previous one, as the price of the 
vessel may be arranged at so much per ton of weight 
carried. The amount of cargo thai a ship can carry 
is called its dead weight capacity , and it is usually 
measuffed in tons at 2,240 lb. It will be easily 
understood that the sizo of the vessel to be designed 
must depend on this quantity of cargo to be carried, 
but it w ill also largely depend on other requirements, 
such as six© of engines and boilers, coal capacity, 
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passenger accommodation, etc. The first point the 
designer must settle is the size of the vessel, 
not only as determined by its length, breadth, 
and depth, but also as represented by its total 
weight. For the same description of vessel the cost 
will vary ns the total weight of the complete and 
loaded ship. The weight of a ship, or the displace- 
ment, as it is called, represents the amount of 
raw material at the designer’s disposal, and it 
remains for him to apportion it in such a way to 
the hull, machinery, outfit, etc., that the owner’s 
requirements are satisfied in the most efficient 
manner. The estimate of the weight of a ship is 
therefore one of the first and most important tasks 
of the designer. 

Weight of Floating Bodies. It is, of 

course, a well-known fact that many objects 
remain floating on the surface when thrown in 
the water. A log of wood, as shown by 122, will 
sink into the water a certain distance until, say, 
the portion ABCDEFGH is below the level of the 
surface, and it will then remain floating at that 
position. It will be seen that as there is equilibrium 
the wood must press downwards on tho water 
to the same extent as tho water presses upwards. 
The downward force of the log is simply its weight, 
and the aggregate upward pressure of the water 
must therefore be equal to the weight of the object 
floating on it. The log of wood may now be im- 
agined removed and space ABCDEFGH filled with 
water. Tt will be clear that this would not disturb 
the equilibrium of the surrounding water, which 
would still press upwards with exactly the same force 
as before. The water in the space ABCDEFGH must 
therefore also press downwards with a force equal 
to that of the removed log and the aggregate down- 
ward pressure of this water is equal to 'ts weight. 
In other words, the weight of the water in the space* 
ABCDFFGII, or the water displaced by the log, is 
exactly equal to the weight of the log. This nmy 
be stated generally as follows — the weight of every 
floating object is equal to the. weight of water which 
it displace *. If, therefore, the iog of wood [122 j 



is inconveniently large to be weighed directly, 
its weight may be estimated by measuring up 
the volume ABCDEFGH, say, in cubic feet, and 
then multiplying it by the weight of a cubic foot 
of water. The weight of one cubic foot of ordinary 
sea-water is tT l -th of a ton, and the weight of one 
cubic foot of fresh water is ^th of a ton. A ship 
is, of course, too large an object to weigh directly, 
and to weigh actually or to estimate directly tin* 
w eight of each of its separate items is a very laborious 
process, and one that could not be depended upon 
for accuracy. The weight of a ship is therefore 
always estimated by calculating the weight of water 
it displaces, which is a fairly simple and exact 





125 


c, 


operation to perform, requiring only proficiency in 
the calculation of volumes of irregular sliajK*. 

Calculation of Areas. Before explain- 
ing how volumes arc calculated it is, however, 
necessary to deal with th# estimating of areas, which 
is also in itself necessary in 
naval architecture apart from 
its use in connection with 
volumes. The estimating of 
the area of a plane rectangular 
form as 123 is very simple, ns 
the product of its length, l, 
and its breadth, b , will repre- 
sent the required quantity. 

The area of a triangular form 
[124] is equally easily calcu- 
lated, being one-half the pro- 
duct of its height, h , and base, 
h. It will be seen that the 
area of the trapezoidnlly- 
shaped figure A BCD [125] is 
equal to the rectangularly 
shaped area A B t Cj D, where 
AB, and IX J , are equal to 
the mean of A B and DC. The 
area of a trapezoidally-shaped 
figure, therefore, is the pro- 
duct of the base, AD, and the . __ — 

mean height, AB -+ ( ’°. > ' ■ 

2 A 126 

When the figure is of the Br y 

form shown by 126, its area. I 

cannot be estimated so read ily D 

as in the three former instances on account of one of 
its boundary lines, BC, being curved. AB and FI) 
are supposed to be at right angles to the base. It, 
the exact form of the curve B(> can be mathemati- 
cally defined, it may be possible to obtain a mathe- 
matically exuct expression for the area AIM'D, 
but as the curves dealt with in naval architecture 
are never mathematically defined, it would be of no 
use to have exact expressions for the areas bounded 
by them. It is therefore necessary to employ so- 
called approximate methods, which may, however, 
enable the area to be calculated with as high a 
degree of accuracy as the curve BC itself can in 
practice be known and drawn on paper. There are 
several of these approximate formula? for the 
estimating of areas of irregular form. 

The Trapezoidal Rule. The simplest 
is tho trapezoidal rule. In using it, the base of 
the area AD is divided up into any number of 
equal parte and ordinates ?/,, y.,. etc. Figiuc 127 



is erected at the points of division. The area o f 
the figure is then supposed to be represented by 
half of the sum of the length of the end ordinates 
plus tho sum of the remainder of the ordinates, the 
whole being multiplied by the common interval, 
or, if the area is A, then : 

A = -f \ Vti + y Ci 4- y, + ?/J A. 

A superficial examination of this expression will 
show that it ’ is obtained by estimating the area of 
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each of the trapezoidal ly-shaped portions by the 
above-described method and then adding ail the 
results together. 

Tt will be observed that instead of having five 
ordinates as shown in 127, the number might have 
been any one from two upwards. The difference 
between the area calculated in this wav and the 
actual area is represented by the portions lying 
between the curve Bt 1 and the straight lines joining 
the heads of tin* ordinates y 1} y // , etc. This 
difference represents, therefore, the error ill esti- 
mating the area by the trapezoidal rule. 

The actual area will always be a little in excess 
of the calculated one in the oasv of convex curves, 
but it will be seen that by halving the intervals, or, 
more generally, by spacing the ordinates closer, the 
error will he reduced. This rule is in many cases 
quite satisfactory for the calculation of areas in 
naval architecture, particularly when the intervals 
between the ordinates are taken small enough. It. 
lias the advantage of being simple in its application.* 

Simpson’s Rules. Another formula, called 
Simpson's first rule, is, however, more commonly 
employed by naval architects in spite of the 
fact that it is somewhat, more laborious to use. 
Tho base of the area to he measured is, as before, 
divided up into parts of equal length, h [127]. 
If the curve BF is part of a common parabola, 
the exact area of ABFK is 

0/|_ + -*//j 1 //;,)■ 

In the same way the area of FFCD is 

(.'A, I- 4 ;/, i 

if YC is a parabolic curve. Combining these two 
expressions the area of A BCD is 

A I* (//, I 4y 3 4- %j. y \- 4// 4 4- //-,). 

• > 

All ship curves are practically parabolic ones, 
and it is therefore possible to employ this method 
of estimating the areas with a considerable degree 
of accuracy, even where the interval between the 
ordinates is a fairly wide one. It will be seen that 
the expression given above can lx* extended to 
any even number of intervals, the rule being simply 
to multiply the first ordinate by I, the following 
ones by 4 and 2 alternately, and the last one by 1, 
then add these products together and multiply by 
one-third the common interval. By another formula, 
called Simpson's second rule, the area, is 

A = 'g (.V, +■>!/■; + •!'/;. 4- -V, -I- + 2(/ ; , etc.), 

where h is, as before, the common, interval and 
y , , y.., etc., ordinates erected at the points of 

division. This rule is not so often employed, and 
it can be used only where the number of intervals 
is a multiple of three. 

Other Rules. It sometimes happens that the 
area, between two consecutive ordinates as between 
//, and y.. has to he separately estimated. This is 
done by the so-called 5-8 rule. The area ABCH 
is, by this formula, 

A - ( r >.'/|4- 

or one-twelfth the interval multiplied by five times 
the lir.vt ordinate plus eight times the second one 
and minus the third ordinate, which is *t .-ome 
distance from the area under calculation, but 
the length of which, of course, has influence on 
tho form of tho curve from B to H when the part 
BHF is supposed to be parabolic. It will now be 
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seen that the area between any ordinates whatever represent the areas of the cross sections. The 

can be estimated by these three rules. volume of the solid [129] will therefore be 

There are other rules, but those mentioned are l ^ 
quite sufficient to deal with fill the problems that V — -h 4y 2 H- //., -f- 4 (*/|4-4y 6 + y 0 ) + ^--f 4 i y 8 4-y 9 }. 

may arise in naval architecture, and it is " v 

necessary that students should commit, them to Calculation of the Displacement of 
memory as they have to be used over and over a Ship. For the purposes of calculations, the 
again. ’ There are also mechanical contrivances under- water part of a vessel is supposed divided up 

called jdani meters whereby areas are conveniently by water-line planes usually parallel to the keel and 

estimated by merely tracing the boundary of spaced 1 ft. to 4 ft. apart according to the draft, 

the figure by a pointer, the magnitude of the and also by parallel cross sections at right angles to 

enclosed area being then ... - 7.^1 the middle line plane and spaced 10 ft. to 30 ft. 

read off on a moving scale. -- 7^ I apart according to the length of the vessel. Care 

These instruments work very * r ~ T ; J must be taken in arranging the position of these 
accurately, and are extern , * divisional planes that the number of intervals 

Hively used in ship ealeula- between them is suitable to the application of the 

lions, where they save aeon- * r' 7^777* -jog summation rule to lx* employed. Figure 130 shows 

siderable amount of time and * the cross sections selected for the purpose of cal- 

trouble, but when they are not at hand it is dilating the displacement of a ship. They are pro- 
necessary to 'use one of the approximate formula*. duced from the vessel’s line drawing described 

Calculation of Volumes. The volume in an earlier article. The length of the vessel is 

of a rectangular prismatic solid [128] is re j ire- lirst divided up into suitable intervals on the water- 

sented by the product of its length, breadth and line or half-breadth plan. At the points of division 

height. The volume of a body with an irregular lines are drawn at right angles to the centre line. 


surface, as phown by 129, is estimated in the follow- 
ing manner. It is lirst divided up by parallel 
equidistant planes such as A BCD, EF(JH, and*?^ -fcj 
JKLM. The area of each of these planes is j \ 
estimated by means of Simpson’s rule as previously * 
explained, the area of the first one being ■ | ■ 

0/i ’I' 4 !h + jj j \ 


of the next one 


~ (lf\ + 4y- -1- ?/ 0 ), j 

and of the last one \ 

'll + 4 >j s + ?/„). \ 

3 . 'a N 

All these areas are, in this instance, of equal width, if. 

and the interval, //, between the ordinates is there- 
fore the same in the three eases, but it will In* clear yy 
that their areas could equally easily have been X 
estimated, if they had been of varying widths, by 
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merely varying the interval between the ordinates. 
The area of a figure as ABCD [126] may be looked 
upon as made up of little strips like abed , the area 
of which is the length of the ordinate y multiplied 
by the width of the strip n. The sum of all these 
strips represents the total area. In the same manner 
the volume of the body [129] may be supposed 
to be made up of little slices like that represented 
by the plane HFGII and the adjoining plane, and 
the sum of all the slices represents the total volume. 
When the areas of the cross section planes like 
ABCD, EFGH, etc., have been determined, they 
may b® looked upon as ordinates of a curve with 
the basis equal to Al or BK, the common interval 
boing h... The summation of all the little slices of 
volume is therefore equivalent to the summation of 
the^narrow strips of a curve, the ordinates of which 
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The intersections of these lines with the water- 
lines will give the half breadths at tho water-lines 
for each of the cross sections wanted, and these 
can therefore be readily drawn The body plan 
thus produced is similar to tho proper body plan 
previously described, but tho sections of the one 
will rarely correspond to the sections in the other. 
Tho volume of displacement — that is, the volume 
occupied by the immersed part of a ship — may now 
he calculated in tw r o ways. Either the areas of all 
the cross sections may be first estimated, and 
they may then themselves be put through Simpson’s 
rule and tho required volume thereby determined. 
This is the simplest method, if the displacement 
is required only up to one particular water-line. 
In this ease the areas of the cross sections can bo 
conveniently estimated by a planimeter, but the 
subsequent operations are best carried out by the 
use of Simpson’s rule. 

Displacement by Water-line Areas. 

If the displacement is required to be estimated for 
various drafts, it is most convenient to calculate first 
the areas of the water-line planes and then pass these 
through the summation rule to obtain tho volume. 
In this instance it is generally impossible to use a 
planimeter, as the water-line pianos are too large for 
ordinary instruments. These areas must therefore be 
estimated by first measuring off the ordinates or half 



breadths of each water-line at the respective ctors 
sections, recording these in tabulated form and pass- 
ing them through Simpson’s rule by multiplying 
them by the factors 1, 4, 2, 4, etc. The products 
are then summed up and the result multiplied 
by, one-third ; the fore-and-aft spacing of the cross- 
sections represents the area of that particular 
water-line when multiplied by two for both sides 
of the ship being alike. 

The following table shows the area worked out 
for the 12-ft. water-line. 


No. of 
section. 

Half- 

breadths. 

Simpson’s 

multipliers. 

Products. 


In feet. 



0 

‘3 

1 

•3 

1 

10*0 

4 

‘100 

2 

120 

2 

240 

3 

120 

4 

50*4 

4 

127 

2 

254 

5 

12-7 

4 

50*8 

0 

12*7 

2 

254 

7 

124 

4 

400 

8 

11*0 

2 

220 

0 

7 0 

4 

280 

10 

*1 

1 

1 

21 x‘> 

310 0x 

- 5,050 sq. feet. 


The area of any one of the water-line plans may 
be estimated in the same manner. 

Curve of Displacement. When a ship 
is being designed, while she is being built, and 
during her subsequent life, it will be necessary 
to know what the exact displacement is imde£ 
various conditions of loading. It will easily be 
seen that when the draught of the vessel is known, 
then the displacement is fixed, because the upper- 
most water-line is in that ease determined, and 
thereby the volume of displacement. As the draught 
increases so the displacement will become larger, 
but the two quantities will not be in any given 
ratio. It would be impracticable to estimate the 
displacement directly for all the various draughts at 
which it may be required to be known. It is there- 
fore calculated for certain draughts conveniently 
selected to agree with the water-lines on the 
displacement body plan [130]. 

A curve, called the displace m nit curve [131], is 
then drawn. A vertical scale of feet represents the 


Mi 3(» moo a off toco ioco u oe 


draught, and 
at the selected 
water-line the 
displaccm e n t 
corresponding to 
131 the volume be- 

low that line is 
set off to some 
convenient scale 
at right angles 
— — to the draught 

** line. When that 
has been done for all the water-lines, a fair curve is 
drawn by means of a batten through the points thus 
obtained. This durve has the property that the 
displacement of the vessel can be found for any 
immersion by setting off the draught on the vertical 
scale, and drawing a horizontal line corresponding 
to the given water-line. The length of this line, 
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which is intercepted between the vertical line and 
the displacement curve, will, when measured on the 
proper scale, give the displacement at that draught. 

Displacement of Various Draughts. 

It will now lie seen why it is advantageous to 
estimate the area of the water-lines lirst in 
calculating displacement, because when they are 
all known the volumes of displacement can be 
easily estimated up to any one of the water-lines. 
Let A„. A.., A,, A s , A lv , etc., be the areas of the 
water-line, planes at draughts of 0, 2, 4. 8, 12 ft., 
etc. The volume of displacement below the 2 ft. 
water-line is then found by putting A,„ A., and A, 
through the 5-8 rule, and multiplying by th 
the interval — hi this instance. 2 ft. —and by 2 for 
both sides. The volume below tlu* 4 ft. water-line 
may be estimated by putting A„, A.,, and A t through 
Simpson s lirst rule. The volume up to the 8 ft. 
water-line may bo found by first estimating that 
between the 4 ft and 8 ft. water-lines by the 5-8 
rule applied to the areas of the 4 ft., 8 ft., and 
12 ft. water-lines, and then adding it to the volume 
already calculated up to the 4 ft. water-line. The 
volume up to tlu* 12 ft. water-line may ho esti- 
mated by putting the areas of t ho 4 ft,, 8 ft., and 
12 it. water-line planes through Simpson's rule, and 
adding the volume to that beiow the 4 ft. water-line. 
It may, however, he found more directly by multi- 
plying all the water-line areas up to, ami including, 
f hat of the 12 ff. line by suitable multipliers, if 
the common interval of the water planes be taken 
as 4 ft., it will bo seen that, the following multipliers 
may Ik* derived from Simpson's rule by a simple 
combination namely, }, 2, U, 4 and 1 for tlieO It,, 
2 tt., 4 ft., 8 ft, and 12 ft. water-lines respectively. 
In this way the displacement, may lx* calculated 
for each of the given water-lines. The following 
table shows the detailed working out of the dis- 
placement up to the 12 ft. water-line: 


No. of 

Area of 

Simpson’s 
mult ipliers. 


water-line 

plane. 

water-line 

plane. 

Products. 

12 

5,050 

1 

5,050 

8 

1,050 

4 

10,800 

4 

4,500 

15 

1,750 

>> 1 

3,100 I 

o 

7.200 

0 

o i 

"•5 

0 




38,800 x * - 



35) 5 

1.740 cubic fee.t 


Displncenu nt - 

1,480 tons. 


Spacing of Water-lines and Tons 
per Inch Immersion. Ft is usual to have 
the lower water-lines closer space 1 than the 
upper ones. The reason f or this is that the 
nature of the surface of the bottom changes 
very rapidly here, and for the same degree of 
accuracy a closer spacing <»f the water-line planes 
is necessary hero than elsewhere, ft will be easily 
understood that the displacement, curve is most 
useful to designer, builder and owner alike. The 
lirst will be able to make estimates for the amount 
of dead weight that can be carried, with any given 
weight of hull and machinery . The second will 
be able to see from his estimated weight what the 
draught of the vessel will lx* when she is launched, 
and when the engines and boilers or any other weights 
are plated aboard her, and the owner will be able 
at any time to hoc at a glance what his vessel 
will carry at any given draught, or what the draught 
w jU be at any given load that has to be carried. 

mi 
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Another curve is usually drawn to the same scale of 
draught as the displacement curve for the purpose of 
estimating more exactly than is possible from the 
latter curve the addition to the draught duo to a 
comparatively small weight being placed on board. 
This curve represents to some convenient scale 
the number of Ions that it will take to immerse the 
vessel 1 in. at the various water-lines. It will I e 
seen that the volume of displacement corresponding 
to this weight will 1 m; equal to the area of the 
water-line plane in question multiplied by the 
extent of the immersion — that is, by V-.tli of 1 ft. 
The resulting volume divided by 35 will give the 
number of tons required to immerse the vessel 1 in. in 
salt water when floating at that particular water- 
line. Figure 131 show's such a c urve of tons per inch 
immersion. As in t ho ease of the displacement, 
th* weights are set off at right angles to the scale 
of draught. 


General Conditions of Stability. 

Knowing the weight of both ship and cargo, the de- 
signer can now alw ays say if she will lloat, and in that 
ease at what draught it will be. He must, however, 
also be able to decide whether she will float upright 
or not. This question of the stability of ships 
appears on the surface of it very intricate. In 
reality it is less so than the question of the stability 
of structures on land, if the latter is looked into 
a little less superficially than is usually the ease. 
The stability of a structure is its ability to resist, 
actions tending to overturn it. If a log of wood is 


lying on its side on the ground , 
as in 132. it will he? obvious 
that it will require consider- 
ably more 
turn it o 
if it is 
stan ding 
on end as 
in 133. In 
the latter 





instance a gust of wind might blow it over. It 
will further he obvious that the; resistance to being 
overturned will increase with the weight and the 
- breadth of the base? of 



support. To investi- 
gate the conditions 
governing the stability 
of bodies, it is better 
to deal with a some- 
what more general 
form, as that shown 
in 134. Let this be a 


stone resting on the ground. Its weight will 
then exert a downward pressure on the earth, 
causing a slight cavity to be; formed in it. The 
resultant forc*e of the weight will act through tho 
centre of gravity of the stone, and may be repre- 
sented by a large arrow pointing downwards through 
the point, G 1.134 J. The earth, on the other hand, 
will exert an upward pressure on the stone exactly 
equal to the weight. As the weight is distributed 
through the entire stone, and has a resultant acting 
through its centre of gravity, so the pressure of the 
earth is spread over the base upon which the object 
is resting, and is more or less normal to the surface 
of the stone, while it varies roughly in intensity 
with the amount of depression below the original 
level. The resultant of this upward pressure 
must, when there is equilibrium, pass through the 
centre of gravity of the stone. 

Stability of Objects on Land. Let 
now a force, F. be applied to the upper left-hand 
edge of the stone sufficient, to cant it, as shown 
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by 135. The effect will be that the centre of gravity 
is raised somewhat, and the cavity in the earth 
caused by the pressure of the stone moves towards 

the lower right- 
F _ fr /" hand edge. The 

7 " v> \ amount of tin* 

: / ^ upward pressure; 

‘ l [ f & : R j of the earth will, 

'' f r *■ J as before, be equal 

... a J to the weight of 

=n ~Tl ♦ ' the stone. The 

135 | resultant of the 

earth pressure 
will, however, no longer pass through the centre* of 
gravity of the stone. The moment tending to upset 
the stone is represented by the product of the force, 
F, and the height, h, of its point of application above 
the ground. The moment resisting the overturning 
is clearly the weight of the stone, say W, multiplied 
by the distance r between the vertical lines through 
the centre of gravity of the stone, (t, and through flu; 
centre of pressure, B. The extent to which the 
vertical through the centre of pressure moves for 
a given amount of inclination will depend on the 
form of the stone where it touches the ground. 
If the shape of this part is 
circular, with the centre of th<; s' \ 

circle coinciding with the centre / \ 


of gravity, as shown by 136, 
then a superficial examination 
will show that if the object is 
canted to the right, the centre 
of pressure, B, will move to the 
right, but the centre of gravity, G, will always 
move? at the same rate in the same direction, and 
will remain immediately above B. There will, in 
that ease, be no moment resisting the upsetting 
tendency, and the body 
will remain in neutral 
equilibrium in any in- 
clined position. If, on 
the other hand, the form 
of the bottom is more 
flat — say, part of a circle 
with a larger radius, so 
that its centre, C, is above 
the centre of gravity, G 
[ 137 J— then the point of 
support, B, will move more rapidly to the right, and 
there will he a resisting moment tending to turn the 
body back to its original position. In other words, 
the object is in stable equilibrium. But if the bottom 
is more curved, so that the 
centre, C, of the circle is 
below the centre of gravity, 

G 1 138 J, then the point of 
upward pressure, B, will 
move more slowly to the 
right, with the result that 
the G gets beyond it, and 
creates a moment upset- 
ting the body, which would 
in that rase not be in stable position. If it was 
in equilibrium to start with, the slightest touch 
would result in its being overturned. From these* 
examples it is therefore seen that a body resting 
on the ground will be in stable, unstable, or neutral 
equilibrium according to the centre of curvature 
of its lower surface being above, below, or just at 
the centre of gravity. 

Stability of Floating Objects. t ln 

passing from objects on land to floating objects, 
there is no change whatever in the general condi- 
tions which govern the stability. The relative 
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positions of the centre of gravity of the object ami 
the centre of pressure determine in both eases 
whether the body will be in stable, unstable, or 
neutral equilibrium. 
Let 139 represent a 
very light vessel, 
slightly inclined to 
the vertical. Tin* 
centre of gravity, (J, 
will, as before, be 
the point through 
which the force of 
gravity acts down- 
wards. The centre 
of the upward pressure of the water is determined 
as follows. Figure 140 shows the immersed portion 
of the vessel on a large scale. As it is only the 
vei tieal pressure, 
with which we are ~ ^TJ 
concerned, it is 
necessary to con- 
sider only this com- 
ponent of the normal tluid pressure on the surface of 
the vessel. The vertical pressure at any point will 
clearly vary as the depth of that point below the 
surface. At M the pressure per square foot will 
thus be represented by a column of water 1 sq.ft, 
iu section, and equal in height to MN. Adding 
together all these little columns, the total upw'ard 
pressure is obtained, which, of course, must be equal 
to the weight of the vessel. The resultant of all 
the pressures will pass through the centre of gravity 
corresponding to the water displaced. This point, 
B [ 1S9 and 1401. the centre of the \<lumc of dis- 
placement, is called the centre of bmn/uncy. 

Centre of Gravity. When the position of the 
centre- of gravity, (», is known, it is necessary to de- 
termine only that of B in order that the stability of 
the ship may be known, in the ease of solids resting 
on land, this point is near the surface of the body. 

When the body is Boating the point is at some 
distance from the surface. It is usually situated 
considerably further into the vessel than shown 
in 139, owing to the water-line being much higher, 
and this is the only difference between the sea and 
land conditions governing the stability of an object. 

The centre of gravity of a. ship is the common 
centre of all the component parts — hull, engines, 
boilers, etc., and it might be determined by I he 
usual calculations for determining the common 
centre of several objects. This is an exceedingly 
lengthy and tedious operation where there are so 
many thousands of items as is the ease in a ship. 
This point is therefore usually determined in another 
wav, which will be described later on. In the 
meantime, it will be assumed that the position of it 
is known. The question of the stability therefore 
Knives itself into the determination of the centre 
of buoyancy or the centre of a volume. 

Centres of Areas. The centre of an 
i r re gu larly sha pod v ol u m e 
‘ M estimated by means of 
•Simpson’s rule, much in 0\ B 

Hie same way as the 
volume itself is deter- 
mined. As in that case, 
it is necessary to deal in 
the first instance with 
areas. The vertical posi- h * — -X 
tion of the centre of 
gravity of an area, ns 
■ABO [141], is estimated by first determining the 
moment and then dividing it by the area. Let. I)B 
be a strip of area of breadth b and length y. Its 


area will consequently be // x h. Being practically 
a rectangle, its venire of gravity will be at the 
middle or at a distance of .]// above the line AO. 
The moment of a plane about a line is the product 
ot its area and the distance of its centre of gravity 
from the line. 

The moment of the little strip about the line AO 
is therefore 

If x b x 'j , or \ x //’ x />. 

It will be noticed that this expression is -iiuilar 
to the expression for the area, except that .1 // is 
substituted for //. The entire area, it was seen, is 
the sum of all the little strips // x b, and in the same 
way the entire moment will be the sum of all 
the little strips, when \y“ is used in lieu of //. 

The summation of these strips is done by the use 
of Simpson's rule in exactly the same way as when 
areas arc determined by simply writing down //- in 
lieu of //, multiplying by 1, I, 2. 4, etc., adding up 
and multiplying the result by one-third the common 
interval, and dividing by 2. as //- has been used in 
lieu of ,]//-. The result is tin* moment of the area 
about ihe line A<\ The distance n of the centre 
of gravity from AC is therefore equal to the 
moment divided by the area. With lour intervals 
of h and live ordinates if , , if., etc., the result is, 
when \h in numerator and denominator arc 
cancelled, that. 

„ (//i“ 1- 4//. v - 1 2//.' + 4//,-’ ! //..,*) 

(// 1 ! 4//, I 2// ;; t 4//, I // , ) x 2 

Horizontal Position of Centres. If 

instead of the distance of the centre of gravity 
from At- the distance from a vertical line through A 
is required, then the former method of Jinding the 
moment of the area ABF is inconvenient, and tin* 
following is adopted, whereby the measurements of 
the ordinates used for determining the area and 
the moment about At’ may also be employed in 
calculating the moment about At). The moment 
of the little strips of area BI) about At) is equal to 
its area multiplied by its distance from At), or, 
say, y < b x r. This may Ik* written (// x ,r) x b, 
which is similar to the previous expression for the 
moment about At-, except that the product of 
y and .»• is substituted for \ft ' . As before, the total 
moment of the area ABF will he the sum of the 
moments of the little strips. Instead of writing 
down the square of the ordinate, we might write 
down the products of //and r for each of the ordinates 
selected. It will, however, be observed that the 
distances of the ordinates from AO are multiples 
of the common interval. For live ordinates, 
Nos. I, 2, 3, 4, and a, .is shown in 141, th(T are ()//, 
2 ft, 3//, and 4//, respectively. As all the ordinates 
have thus to be multiplied by //.the common interval, 
it saves labour to wait w'ith this multiplication until 
after tin* summation, in Ihe same way as the 
dividing by 2 was left 
until the end in the pre- 
vious estimate. The mul- 
tiplication by the factors 
0, I, 2, 3, and 4 can- 
not, however, be avoided. 
' v c The procedure is, there- 
'4 5 fore, to waite down the, 

ordinates y , , y .. , ?/... etc., 
1^1 multiplying them by 0, 1, 

2, etc., and again by 1, 4, 
2, 4, 1. Adding together these products, and 
multiplying by }Jt, and by h, as that was omitted 
before, the result is the moment of the area about OA. 
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The horizon! d distutu-, of the centre of gravity 
from AO is therefore 

(0 4- 4//., 4//.. i 1 ~ // 1 -t- _4// il ) h 

‘I (,/ , •!//._. !- •Jji i + I//, > ;/.) 

The distance of the mitre of gravity of the area 
bring known from two linos at right angles to each 
other, its position is completely determined. 

The Centre of Buoyancy. When 1 he 
moment of volumes have to be estimated, it is 
done hy first calculating the moments of a series of 
parallel planes and then summing these moments 
up by means of Simpson's rule. The process is 
enf iroly analogous to the detenuiu.it ion of moments 
of areas by iirst calculating the moments of the 
ordinates and then summing up these by means 
of Simpson’s rule. We are now in a position to 
ealeulate the rent re of pressure or rent re of 
buoyant* v. I ' t 142 represent a vessel somewhat 
inclined in the water and floating at the No. .*1 water- 
lira*. The rent re of buoyancy corresponding to this 
water-line is the centre of gravity of the immersed 
volume. The position of this point in a horizontal 
direction is determined by estimating the volume 
and the moment about any vertical line, say 0M. 
Tin* horizontal moment, of the volume is the 
sum of the moments of the water-line areas. A 
series of horizontal equidistant planes are therefore 
drawn, as indicated, and in such a. way that the 
bottom one passes through (,), the lowest point of 
the vessel. The area of the lowest plane will lx* 
zero, and the moment is I herein; e also zero. In the 
ease of the other water-line planes, it is necessary to 
estimate separately the moments of the parts on 
each side of the reference line OM, and to deduct, 
the moment of the one from that of the other, in 
order to obtain the moment of the entire plane. 
In the ease of (he water-line NL, it is also neces- 
sary to estimate the moment in two parts, as 
the reference line falls outside the plane. The 
moment of each of the parts of the water planes are 
estimated, as in the ease shown in 141, when the 
moment, is required about the line A(\ It is not 
necessary actually to draw the planes, because all 
the measurements for the ordinates can he made on 
the body plan of displacement sections alter drawing 
the lines of the wafer planes in the required positions. 

Moments of Buoyancy. When the 
moments of the second and third planes have 
been determined in this way, the first one 
being zero, they are put through Simpson's 
vide, the products added up and multiplied hv 
one-third the distance between the planes. The 
result is the moment of the volume of displacement 


distant planes. It is. however, convenient to 
divide nearly the entire volume by such equi- 
distant planes and then to estimate the volumes 
and moments corresponding to each hy adopting 
Hie same method as when the displacement was 
estimated at various drafts. The moments and 
volumes being determined, the position of the 
centre of buoyancy can be found for each of the 
watei -lines. I hese points H,, B.„ etc., correspond- 
ing to water-lines 1, 2, etc., are shown in 142. Let 
the centre of gravity of the entire ship he at < J. 
It will then he seen that wherever the centre of 
buoyancy falls to the right of the vertical through 
<b the e will he an upward pressure tending to force 
the vessel back to the normal or upright position , 
ill other words, the ship will be stable under those 
conditions. On the other hand, if the centre of 
buoyancy ‘alls to the left of the vertical through (J 
then* will he a moment which will capsize the 
vessel. Let the angle of inclination of l lie vessel 
from the upright be 20 1 for the vessel indicated 
in 142. 

Cross Curves of Stability. The stability 
or instability of the vessel when at this inclination 
may be conveniently shown by a curve, such as 
the one marked 20 at 143. The displacements, 
as calculated to the respective water planes, are 
here set of] horizontally, and the distances between 
the vertical lines through the corresponding 
centres of buoyancy and the line through centre 
of gravity of the vessel are set off vertically. The 
curve marked 20 will thus, at a glance, show 
whether the vessel is stable or unstable at that 
inclination at any given displacement by the curve 
boiuii above or be’ow the bn-e line. Similar calcu- 
lations might be made for the vessel at other inebria- 
tions, say at 10 , 30 , 40 , etc., and the corresponding 
curves may be drawn as shown in 143. Such 
a set of curves, called cross rarer. v. represents 
the stability of the vessel at all displacements for 
those particular inclinations. The distances 
between the centres of buoyancy and the vertical 
through the centre of gravity are called the righting 
arms, because, when the vessel is stable, then 
these distance-. multiplied by the displacement 
represent the moment tending to right the vessel 
when she has been inclined. Wherever the cross 
curves of stability [143] fall above the base line 
there is a positive righting arm and the* vessel is 
stable, but when the curves fall below this line the 
righting arm is negative and the vessel is uu 
stable. Such a system of cross curves gives t 
complete picture of the stability of a ship, blit it- 
takes a considerable amount of time and labour 


up to the water-line AC. Whit 
moments, of the planes their : 
calculated, and afterwards 
they are also put Ihroujjh 
Simpson's rule, so that tin* 
volume as well as the moment 
is determined up to the re- 
quired water-line. When both 
these quantities have been / 
estimated, the latter divided j 
by the former gives the dis- / 
lance that the centre of 1 
buoyancy is from the line OM. V 
It will be (dear that a water 
line might have been chosen 
at any height and the mo- 
ment and volume estimated 
in the same manner by divid- 
ing the volume up by any 
F'litablt number oi cqui- 


le determining the 
areas are likewise 




to produce them as described above. They are, 
therefore, now always estimated by the aid of an 
instrument called an inhgrat.r , on which the 
area and corresponding moment of any plain* 
figure can he read otf simultaneously after 
/ merely tracing its outline hy a pointer. 

When an integrator is em- 
ployed it, is upplied to the 
cross sections, and the fore- 

and-aft summation of the 

J areas and moments thus- 

B 7 / determined is done bv 

• B 6 7 Simpson’s rule. 

; 8 j L Ordinary Curves of 

'8 4 / Stability. It is often de- 

j sirable to have a continuous 

' / representation of the stability 

\ 4 2 / of the vessel at various in 

- — clinations at a given dis 

placement. This is easily 


:ro 
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obtained from the cross curves by merely drawing 
:i vortical line at the displacement in question 1 143), 
and then laying down a base line as in 144 repre- 
senting the degrees of inclination. At 10 
20’, 30’, etc., the. corresponding righting 
arms obtained from the cross 
\\ curves are set up and a fair 
-'r curve drawn 

through their 



-*c. 


143 


heads. This will give the exact righting arm 
at any inclination, tlm displacement remaining 
constant, and it is called a curve of xtuhilily. 
Here, again, the vessel is stable where the cur\c 
falls above and unstable where it falls below the 
bane line. At zero inclination a vessel must be 
stable or she will not remain upright. As she is 
being inclined a little the righting anil increases 
directly as the inclination. For somewhat larger 
inclinations it increases loss rapidly, and eventually 
attains a maximum, after which it is reduced until 
it may possibly become negative. The maximum 
righting arm is, as a rule, only a few feet in length. 
The angle at which the righting arm becomes 
negative, and the ship therefore unstable, varies 
much, the average being about NO . In many 
instances it is sufficient to know what the righting 
.inns will be for the small inclinations, or what 
t lui rate of increase is as inclination begins. 
If this rate is, say, hi feet per degree of inclination, 
then the righting arm at 2 inclination will be 
2w, and at 3° 3/a. It so happens that, this 
rate of increase in the righting arm can be easily 
determined without producing the curve* itself. 
In the upright position there is no righting arm 
as the two sides of the vessel are symmetrical. The 
vertical through the centre* of gravity passes, 
therefore, always through the centre of buoyancy 
in that ease, but the hitter point will move ver- 
tically as the draft and displacement increases. 

Vertical Position of Centre of Buoy= 

ancy. The vertical ) os it ion of a. centre of 
buoyancy in the upright condition of the vessel 
may conveniently be determined at the time the 
displacement calculations are made. The required 
cent ics of buoyancy are the height nho\e the base 
line of the centres of volumes of displacement. ’Plus, 
again, is determined by estimating the moment of 
the water-line areas above the base line at the top 
of the keel. These areas, it will be remembered, 
had to be calculated in determining the dis- 
placement, and their moment about the top 
• of the keel is simply their areas multiplied by 
J their respective distances above the base line. 



These moments may be put through Simpson's rule 
at the same time as the areas, and the moment and 
volume estimated up to each water-line. The 
former divided by the latter gives the corresponding 
heights of the resjiective centres of buoyancy above 
Ihe base line. Figure 145 shows the centres of 
buoyancy, B A , B.;, B a , etc., corresponding to the 


water-lines 1, 2, 3, etc., respectively. It is, how- 
ever, more convenient to record these heights in 
the same manner as (lie displacement and tons jut 
inch immersion. The drafts are ihen set oil 
vertically as in 146, and the heights of centres of 
buoyancy horizontally. 

Rate of Increase of Righting Arm. 

It is found that the rate of increase in the righting 
arm in the upriuht position depends on the moment 
of inertia, !, of Ihe watci-line plane and Die corre- 
sponding volume of displacement, V. The righting 
arm per degree of inclination is: 



where B(i is the heigh 
of the ship above the 
moment of inertia of a 
wlial similar in nat uro 
to its moment. The 
moment of inertia of 
the one side of ,i 
water - line plane is 
estimated by simply 
using one- third of the 
ordinates cubed in lieu 
of the ordinates em- 
ployed in determining 
the area. If the.se 
ordinates an* ;//,, //.,, 
y... etc., the common 
interval //, then the 
moment of inertia of t 
that of one side, is: 


! of the centre of gravity 
centre of buoyancy. The 
plant* is a ipiant ity some- 



entire area, being twice 


1 - (//r t- 4;/j , + + 4l/,' + fir. ) '* X f 


The volume of displacement, V, and Du* position of 
t he centre of gravity being known. Die righting arm 
per degree of inclination may In* determined. 

This (pinnt ity, it will be seen, is positive when is 

larger than B<J, in which ease the vessel is stable. 

When is less than B(l, then the righting arm 
v 

per degree ot inclination is negative, or, in other 
wort Is, it is an upsetting arm, and the vessel is 
( unstable. If an ex- 

e - / haust i vc inquiry into 

I ' / the stability of a ship- 

^1 £ is necessary, the cross 

• *" ‘ /$ £ curves previously ex- 

/t | plained must be ealcu- 

/$ \\ lated ; but if it is only 

a qu f *st ion of determin- 
ing whether or 
not the vessel 
will float in the 
upright position. 
Die above esti- 
of the righting 
per degree of 




i/ _ . 



tin'll 
mate 
arm 

inclination is sullieicnt. 

The Metacentre. It is usual to 

consider the conditions governing Du* 

-Sc stability of a vessel in the upright position 
from a geometrical point of view*. Let 147 
represent, a vessel in an inclined position. The 
centre of buoyancy in the upright position, B, 
corresponds to the water-line WL. 

When the vessel is inclined a little to the right 
the water-line moves to W,L,, and the centre of 
buoyancy to B,. The new vertical through this 
point will intersect the original vertical line through 
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B in a point M. It is found that BM is equal to 

y. GM is therefore equal to BM - BG or ^ - BG, 

and the righting arm per degree of inclination is 
( 1 M 

The point M is called the metacentre, and it 

will be seen that the vessel is stable in the upright 
condition when G is below M, and unstable when O 
iH above M, because in the former case the centre 
of buoyancy, B , , is to the right of the centre of 
gravity G, when the upward pressure tends to bring 
the vessel back to the upright position, and in the 
latter instance it 
is to the left when 
the tendency of 
the water pressure 
is to incline the 
vessel further to 
the right. The 
inetacentre is the 
centre of the curve 
in which the cen- 
tre of buoyancy 
moves as the ves- 
sel is inclined, 
and it will again bo seen that the condition for 
equilibrium is just the same in the case of ships 
as in the case of bodies on land— namely, the centre 
of gravity must for stable equilibrium be above 
the centre of the curve in which the point of sup- 
port moves. It was seen that the height of the 
metacentre above B was equal to the moment 
of inertia of the water-line plane divided by the 
volume of displacement. For each draft or position 
of a water piano there is a displacement, a centre of 
buoyancy, and a metacentre. It is, therefore, 
possible to calculate the height of the metacentres 
above the centres of buoyancy for the various 
drafts and construct a curve of metacentres as 
shown in 146- In most instances where the 
general character of a ship’s form is known, tin 
question of stability is decided only by the rela- 
tive position of the inetacentre and 
centre of gruvity of the ship. The 
distance GM between these points is 
called the metaccnlric height. Tne larger 
the angle of inclination become-, the 
less satisfactory is, however, the ex- 
pression *!. as a correct measure of the stability 

•M O 

of the vessel. 

Centre of Gravity of Ships. The 

metaeentre is comparatively easily estimated, 
but, as already stated, the direct >- ' 

calculation of the centre of gravity f 

is a laborious task, which is rarely f 

undertaken. This point is easily V/ 

determined when a ship is floating in 
the water by nn exj>oriment consist- 
ing in her being slightly inclined by a known 
amount of weight being placed at one side — 
in fact, the stability is measured directly. In 
a ship being designed the centre of gravity is 
estimated to be at the same relative height above 
the top of the keel as in other similar vessels, 
where its position has been exactly determined by 
experiment. Say, for instance, it has been found 
in the latter case to be 73 per cent, of the depth of tho 
vessel above the top of the keel, it will then also 
be 73 per cent, of the depth above the keel in the 
designed vessel, and its position can be easily deter- 
mined. If there are many heavy weights high up 
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in a ship it will, of course, raise the centre of gravity, 
and, on the other hand, the placing of weights low 
down in the vessel lowers the centre of gravity or 
increases the stability. The height of tho meta- 
centre, depending as it does on the half-breadths 
cubed wi 1 be augmented very rapidly with an in- 
crease in the breadth of the vessel. This is the 
reason for the great, importance of breadth in giv- 
ing a vessel stability. In designing a ship it is 
difficult to adjust the position of the contre of gravity 
to suit the required stability, but it is nn easy 
matter to modify the breadth at the water-line to 
bring about the desired result. 

Effect of Stability on Rolling. It 

might be supposed that, as the stability of a 
vessel is so very necessary, it is also desirable to 
obtain as much as possible of it by making tho 
metaccntric height as large as possible. This is, 
however, not the case. In small boats and sailing 
vessels this height is some three to four feet, and 
in a cargo steamer it may be about the same, but 
in passenger steamers it may be less than one foot. 
The reason for the small amount of stability is 
the fact that high metacentres seriously affect the 
vessel’s behaviour in othor ways. Lot 148 and 
149 represent sections of two bodies resting on a 
plane support. As has already been seen, the first 
of the two will be the more stable, the radius BM of 
the arc of the points of support being the greater. 
If small logs of wood were cut to these shapes and 
laid on a table, it would therefore lie found that 
greater force would he necessary to incline the one 
with the flatter section than the one of a more 
nearly circular form. If the two logs arc set rocking 
on the table, it will also be found that the broad 
one will rock very violently or quickly, while the 
deeper one will move slower and more easily, 
Rxactly the same effect will be experienced in 
the case of floating bodies. Tho broad or very 
stable ship will rock or roll more violently than 
the narrow and less stable one. This is quite 
natural, but it is a fact which has often been 
better realised by those w r ho sail the 
* .g ships than by those who have built 
them. It will be readily understood 
that an easy rolling motion is a very 
essential quality in a good ship, par- 
tioularly one intended to carry pas- 
sengers. The inetacentre is therefore brought 
as low as possible by making the vessel as narrow 
as is consistent with safety. It is found that 
in a large steamer a metoeentric height of only 
about 8 in. is sufficient, provided the vessel is 
stable at the larger angles of inclination, 
say up to 70 Q or 80°. In sailing ships 
it is necessary to have a fair amount 
of stability to keep them upright against 
the force of the wind acting on the sails. 
The pressure of the wind tends 
to steady the vessel, so that the greater amount 
of stability does not seriously affect the rolling 
mot ion in this instance. Tho stability and the rolling 
motion of a ship arc determined as above described, 
assuming her to float in smooth water. It might bo 
imagined that what holds good under these condi- 
tions might, not do so when the vessel is in the open 
ocean subject to the action of wind and waves. 

It is, however, found by experience that a ship 
has sufficient stability at sea when she is found 
to have this in smooth water, and also that she will 
roll more or less at sea in accordance with the con- 
ditions governing her motion in undisturbed water. 
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By justin McCarthy 


The Irish Rebellion. The history of 

Ireland, as we have already said, had for long 
been closely associated with that of England, 
but the American Revolution brought the 
discontent that had long been felt in the country 
to a crisis. Molyneux, and immediately after 
him Swift, were among the few, not Catholics 
nor Irish by race, who understood the causes 
of Irish discontent. Among the English states- 
men of the Georgian era Lord Chesterfield, who 
was appointed Viceroy in 1745, was practically 
the only one who saw to what the system of 
government which prevailed in Ireland was 
likely to lead, and he soon won the confidence and 
admiration of the Irish people. 

The improvements he made in the govern- 
ment of Ireland, however, only shortened his 
term of rule. Influence was probably brought 
to bear on the King, and Chesterfield was re- 
called. He left Dublin surrounded by enthusi- 
astic admirers, who besought him to return. On 
his recall, the discontent became greater than 
ever, and the new Patriot Party was started with 
Charles Lucas, a Dublin man, as leader. 

Henry Flood succeeded Lucas, and when, 
by accepting office under the Government, he 
became unpopular, Henry Grattan, one of the 
greatest orators of all time, became leader in his 
place. A movement now began in Ireland for 
the formation of a Volunteer army. It had a 
great success all over the country, and soon 
60,000 men were under arms, with Lord Charlc- 
mont as Commander-in-Chiof. 

Grattan and the Catholics. The Irish 
Parliament of those days was not a representative 
Parliament* for no Catholic could either he a 
member of it or even vote for the election of a 
member to it. Grattan succeeded in having 
some of these disabilities removed, and in the 
reformed Parliament, known as Grattan’s Parlia- 
ment, Catholics were allowed to vote for the 
election of members, though as yet no Catholic 
was allowed to have a seat in either House. 

This Parliament resisted Grattan’s further 
reforms, and Grattan himself became unpopular 
in the country because, as a result of his policy, 
the Volunteers were disbanded and dispersed. 
In 1794 a new Viceroy was sent to Ireland, Lord 
FitzwiUiam, a man of enlightened views, who 
recognised the justice of emancipation, and 
encouraged the efforts of the Irish leaders. For 
obvious reasons he was suddenly recalled, and 
another ^Viceroy appointed. This was a death- 
blow to the constitutional agitation of Grattan, 
and the success of the French Revolution 
encouraged Irish hopes for freedom. Ireland 
hoped for help from France, which was always 
regarded as the friend of Ireland. Shortly before 


this the club of “ United Irishmen ” had been 
founded by Hamilton Rowan, with Theobald 
Wolfe Tone, for a time, as secretary. Lord 
Edward Fitzgerald, who had been a member of 
the Irish Parliament, and a supporter of Grattan, 
and was, like Hamilton Rowan and Wolfe Tone, 
a Protestant, joined the United Irishmen when 
they began to organise rebellion. 

An Appeal to Napoleon. Theobald Wolfe 
Tone went to France for the purpose of persuad- 
ing Napoleon to send a fleet and a competent 
commander to assist in the rebellion in Ireland. 
He succeeded in his object, and as lie had before 
this obtained a commission in the French Army, 
he was himself on board one of the vessels, which 
were unable to reach the land because of stress 
of weather. The expedition was, therefore, a 
failure, and Tone was captured with a number of 
French officers. He was tried by court-martial 
in Dublin, found guilty, and condemned to be 
hanged. He asked to be shot instead, but as 
this was refused, he committed suicide to escape 
the disgrace of the gallows. Lord Edward Fitz- 
gerald was dead. He had been captured in 
Dublin after an unsuccessful rising in Ireland, 
and died in prison of a wound received from one 
of his captors. 

It was now determined by the English Govern- 
ment that Ireland should bo united with England 
by one Parliament, and, in spite of the protests 
of Grattan, the Act of Union was passed by a 
majority of sixty in the Irish Parliament, a 
majority secured by bribery and corruption. It 
became law on J anuary 1st, 1801. Robert Emmet, 
brother of Thomas Addis Emmet, one of the 
leaders in the rebellion of “ Ninety -eight,” 
sacrificed his life in the unsuccessful rebellion of 
180.‘k He was captured, condemned to death, 
and executed on the morning after his 
conviction. 

The Presidency of John Adams. At 

the time of the death of Washington, John 
Adams was President of America. H is life was 
almost co-equal with the reigns of the last three 
Georges. He had been a subject of George II., 
had rebelled against George III., and, an old man 
in the reign of George IV., he had been for years 
the free subject of a free Republic. Like Wash- 
ington, he had a respect for established forms ; 
in his days men still wore the habit of the 
eighteenth century, and the inHueneo of the Old 
World was still strong. 

Adams, like Washington, believed in a govern- 
ing class whose place was at the head of affairs — 
like Hamilton, he distrusted the masses. There 
were already two parties in the State — Hamilton 
and Adams were rivals for the leadership of the 
Federalists, who believed in the Constitution and 
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wished things to remain as they were. Thomas 
Jefferson, the writer of the Declaration of 
Independence, was the leader of the Republican 
party, afterwards called the Democrats. He 
believed in the doctrines of tho French Revolution 
and disliked England, whereas the Federalists 
were supposed to have a leaning towards English 
forms of government. 

Naval War with France. The presi- 
dency of Adams was stormy ; he made himself 
unpopular by introducing the Alien and Sedition 
Acts. The success of his administration was 
the naval war with the French Directory, 
in which the United States got the better of it. 
Tho war was caused by the attempt to extort 
fifty thousand pounds for the benefit of tho 
Directory from the envoys sent by Adams to 
France. When Adams’ presidency came to an 
end, in 1801, he was not re-elected. Jefferson was 
chosen in his place, with his colleague, Aaron 
Burr, as Vice-President. 

With the presidency of Jefferson a new era 
began for the Repubfic ; pomp and formality 
disappeared from official life. He was twice 
elected President, and the eight years of his office 
are important in the history of the United States. 
In them occurred the purchase of I^ouisiana from 
Napoleon, who had taken it from Spain, and a 
law was passed forbidding the importation of 
slaves after 1807. The American Navy had many 
successful struggles with the Barbary pirates, 
and Robert Fulton’s steamboat was launched on 
the Hudson. Ohio was admitted into the Union 
as the seventeenth State. There had long been a 
dispute as to the ownership of the Ohio valley, but 
the larger part of it was at last made over to the 
Government and became known as the North- 
West Settlement. Eventually it became a State 
and took the name of its fair river. 

A Famous Duel. One of the memorable 
events of J efferson’s presidency was tho duel 
between Hamilton and Aaron Burr, who had long 
been rivals, and when, in 1804, Burr failed to 
secure the appointment as Governor of New York 
State, he attributed his failure to Hamilton. 
Hamilton was mortally wounded and died 
thirty hours after, mourned by the whole 
country. After this, public life was ended for 
Burr. 

Jefferson’s second term of office was now at an 
end. He would certainly have been elected for a 
third term if he had so desired, but he did not, 
and in 1809 he was followed by James Madison, 
of Virginia, one of the writers of the famous 
“Federalist” papers. He became a Republican 
Democrat leader, and as such was elected Presi- 
dent when ho was fifty -eight years old. 

The war of 1812 cannot bo looked back to 
with satisfaction by either side. America had 
much to complain of both from England and 
France, for Napoleon’s decrees were as opposed 
to American interests as the claim of England 
to right of search. America had a kindly feeling 
for France, who had helped her to gain her 
freedom, and for England a feeling of dislike. 
A powerful party in the States was eager for war, 
the leader of which was Henry Clay, a young 
Virginian who had settled in Kentucky, had 
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prospered at the Bar, had been in the Senate 
and the House of Representatives, of which 
he had been Speaker, and had advocated the 
partial abolition of negro slavery. 

Clay’s “ Warhawks.” Clay’s party went 
by the name of the “ Warhawks,” and did much 
to stimulate the war spirit. England claimed 
the right to stop all American ships and to search 
them for English seamen. England insisted on 
her rights, stopped many American vessels, and 
carried off many English subjects, and many 
men who were actually Americans were also 
forcibly carried off. ’Jims thousands of native- 
born Americans were, in 1812, serving against 
their will in English warships. A commercial 
question was also involved. England issued orders 
forbidding the United States to trade with France, 
and America retaliated by an embargo forbidding 
any American vessel to leave port. The American 
merchants were not pleased with this interference 
with trade ; and the fact that President Madison 
dressed in clothes entirely of American manu- 
facture, to show that the country was inde- 
pendent of foreign produce, did not console 
them. The majority in the North were against 
war, but the influence of Clay and his Warhawks 
prevailed, and relations with England became 
daily more strained. Mr. Erskine, the British 
Envoy, was recalled when he made concessions. 
His concessions were repudiated, and another 
envoy, whose policy was more hostile, was sent in 
his place, but was also recalled. 

The War of 1812. The war spirit grew 
rapidly. Tho office of a Baltimore editor who 
opposed the war was attacked by a mob and 
was defended by him, assisted by Generals Lee 
and Lingan, and at last they had to be lodged 
in prison for safety. But the mob attacked 
the prison and killed Lingan and so injured Leo 
that lie never recovered. War with England was 
now declared, and some were anxious to declare 
war on France also. The United States were at 
a disadvantage, for although England was then 
at war with France, her naval power was enor- 
mous. Her Navy was the largest in the world, 
and that of America the smallest. She had 
experience only of small wars, in which, however, 
Bhe had done well. The American Navy had the 
advantage that its sailors served of their free 
will, while many of the English sailors were 
pressed into the service. 

At sea the war was on the whole successful for 
America, but on land she had only one success, 
and the conquest of Canada was not accom- 
plished. The followers of the Indian Tecumseh 
took the side of England. General Hull, an 
American, had to retreat to Detroit after an 
unsuccessful attempt to invade Canada ; another 
American force who surrendered to the English 
at the River Raisin was massacred by 
England’s Indian allies. In August, 1814, an 
English army, under Admiral Cockbum, landed 
in Maryland and marched to Washington, 
which they entered, and by his order, and that 
of General Ross who served with him, the 
public buildings, including the President’s house, 
the Capitol, tne arsenal, and the offices of the 
State Department, were burned and the public 



libraries destroyed — a deed which it is impossible 
to defend. 

In January, 1815, General Sir Edward 
Packenham marched on New Orleans with 
about ten thousand men, Jackson defending 
the place with half the number. The English 
were defeated, and General Packenham killed. 
This was the end of the war. At Ghent at the 
time this battle was being fought a treaty of 
peace had actually been signed. No attempt 
was made afterwards to impose the right of 
search on American ships. 

At the end of the war, James Monroe suc- 
ceeded Madison as President. He had much 
diplomatic experience both in London and Paris. 
The Holy Alliance, established by some of the 
European sovereigns in 1823 for mutual aid, 
restored the King of Spain to his throne. The 
King asked for the aid of the Alliance to recover 
his possessions in South America and Mexico. 
This would have threatened both American ami 
English interests, and Canning, who was then 
Minister for Foreign Affairs, suggested to the 
American Envoy that England and America 
should combine against the action of the 
Holy Alliance; but Monroe wanted America 
to meet the difficulty unaided. 

The Monroe Doctrine. The policy of 
the Monroe Doctrine was an enlargement of 
Washington’s policy of neutrality, and the words 
were John Quincy Adams’s which declared 
that the United States could not view inter- 
ference with the affairs of existing States by 
European Powers in any other light than as the 
manifestation of an unfriendly disposition to- 
wards the United States. Monrot; accepted the 
responsibility for this, and the doctrine is there- 
fore associated with his name. 

Monroe was succeeded by John Quincy Adams, 
who was followed, in 1829, by Andrew Jackson, 
the last of the Presidents who had fought in the 
Revolution. His financial policy was not success- 
ful, and was the cause of the commercial crash 
which occurred in the first year of the presidency 
of Martin Van Buren, who succeeded him. Van 
Buren was not popular, and General Harrison, 
who opposed him for the presidency, was suc- 
cessful, and became the ninth President. But he 
died in a few weeks, and was succeeded by his 
Vice-President, John Tyler. During his presi- 
dency the dispute with England regarding the 
boundary between Canada and the United States 
was settled by the Ashburton Treaty, arranged 
by Lord Ashburton and Daniel Webster. 

During the presidency of James Knox Polk 
occurred the war with Mexico and the settle- 
ment of the dispute with England concerning 
the ownership of Oregon. 

The Fugitive Slave Law. The twelfth 
President was General Zachary Taylor, a well- 
known soldier, who died after two years, and 
was succeeded by his Vice-President, Millard 
Fillmore, during "whose presidency the famous 
“ Fugitive Slave Law ” was passed. 

The question of negro slavery had at the 
time of the Convention and the forming of the 
Constitution been a difficulty which had been met 
by compromise, those who were opposed hoping 
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that the necessity for it would soon cease ; but 
the invention of the cotton gin by Eli Whitney, 
which made cotton the chief produce of the 
South, caused a great demand for slave labour, 
and it also made the Southerners wish to increase 
their territory, as cotton exhausts the land it 
growR in, and demands new soil, to provide which 
the South was anxious to add new States to the 
Union. The men of the Northern States, being 
opposed to slavery in any form, did not wish it to 
increase, and it was agreed that there should be 
a non -slave State for every slave Stato to pre- 
serve the balance. 

Frederick Douglas, a Maryland slave, who 
had educated himself, became convinced that 
he would no longor be a slave ; he escaped to 
the North, and became one of the leadens of the 
Emancipation movement. 

A BooK that Made History. One of • 
the greatest influences in the Anti-Slavery cause 
was Mrs. Harriet Beecher Stowe’s famous novel 
“ Uncle Tom’s Cabin.” It had an enormous 
success, was translated into every language, 
and read in every part of the world. It was 
vain for the Southerners to protest against the 
importance given to it ; its effect was extra- 
ordinary, and made countless converts to the 
cause of Abolition. 

The admission of California as a State was an 
important event in the controversy. California 
was a free State, and to balance its admission, 
and also the abolishment of slavery in the district 
of Colombia, the Fugitive Slave Law was passed, 
enabling owners of slaves to bring back those 
who had escaped and taken refuge in non-slavery 
States without trial by jury. The law was 
opposed by all the Abolitionists, but was carried 
notwithstanding. During the presidency of 
Franklin Pierce, the antagonism between the 
two parties increased, and the members went to 
the two Houses armed. Charles Sumner, the 
famous Abolitionist orator, was assaulted by a 
Southerner in the Senate, and for a time his life 
was in danger. It was now proposed to create 
new territories, and to allow them to decide 
whether they would bo for or against slavery. 
This decision was strongly opposed by the North, 
but the South won the day. The most prominent 
of the Anti-Slavery men was John Brown, who 
fought with the armed men of the other side from 
Missouri arid defeated them. During the term 
of the next President, James Buchanan, John 
Brown, his two sons, and twenty other men 
invaded Virginia at Harper’s Ferry. He was met 
by 1,500 Militia, and his force was all either 
killed or disabled. One of his sons was killed, 
and he himself was wounded. He lived, how- 
ever, long enough to be tried and hanged. The 
agitation was now at its height, and soon after 
Brown’s death the presidency of Buchanan came 
to an end, and the new President was elected. 

Abraham Lincoln and the Slave 
Trade. The election of Abraham Lincoln* 
openod up a new era in tho history of the American 
Republic. Lincoln was bom in Kentucky in 
1809, and was the son of an energetic farmer. 
He obtained only a limited education, but 
he made the most of it. He soon became drawn 

5975 



HISTORY 


into local politics, and was electod to the 
Legislature of the State in which he lived, 
continuing to rise in public estimation and 
becoming known as a resolute opponent of the 
slavery system. In 1860, he was adopted by the 
Republican party as their candidate for the 
Presidency, and in the March of the following 
year he was elected by a great majority over 
the opposing candidate. Lincoln at once pro- 
claimed his adherence to his anti-slavery 
principles, a declaration which led to the 
outbreak of the Civil War. 

The Beginning of the Struggle. The 
Southern States had always been given to mili- 
tary training and the use of arms, while in the 
Northern States agriculture, trade, and com- 
merce mainly occupied the people. Lincoln took 
prompt steps to form an army with which to 
encounter the uprising South, but the Southern 
States, where a seceding movement had long been 
contemplated, were in much better condition than 
the North for a trial of arms when the strife came . 
on. In the first battle of any consequence, that of 
Hull Run, on July 21st, 1861, tho Northern forces 
were defeated, and had to make a hasty retreat 
to Washington. But as the war went on the 
Northern forces grew more and more efficient in 
the art of war, and won some splendid victories. 
Indeed, the commanders and the soldiers on both 
sides displayed tho highest capacity for Avar ; 
and if, on the side of the North there were 
generals such as Grant, Sherman, and Sheridan, 
there were on the other side men like Thomas 
Jonathan Jackson, and Robert Edward Lee. 

Tho Confederates (the Southerners) had fixed 
their capital at Richmond, in Virginia, and 
elected Jefferson Davis as their President. 
Jefferson Davis had been educated at the 
military academy at West Point, hod served in 
several frontier campaigns, and then entered 
political life and sat in the Senate for some 
years, where he distinguished himself as an 
advocate of the right of each State to maintain 
slavery if it would. 

The war went on until tho middle of May, 1866, 
when the Confederate States were compelled to 
give up tho struggle. The victorious Federate (the 
Northern States) behaved with great magnani- 
mity towards Jefferson Davis, their prisoner. 
Ho was imprisoned for the time and then 
released on giving security for his peaceful con- 
duct in the future. The close of the war was 
followed in strange and sudden fashion by 
President Lincoln’s death. On April 15th, 1865, 
he was attending a theatrical performance in 
Washington w r hen ho was shot by Wilkes Booth, 
an actor, who w as to all appearance insane. 

The Dispute over the Alabama. 
There was a serious controversy between Great 
Britain and the United States with regard 
to the steamer Alabama, a privateer employed 
during the war in the service of the Confederates, 
having been built, in an English port by an 
English shipbuilding firm, and manned chiefly 
by English seamen. The United States Govern- 


shipping, and put in a claim for the repayment 
of those losses as well as for indirect losses 
caused by the transfer of trade from British to 
American shipping. This dispute went on for a 
considerable time and was settled by an Inter- 
national Conference held at Geneva in 1872, 
which rejected the indirect claims of the Federal 
Government but awarded heavy damages for the 
losses directly caused by the ship’s expeditions. 

After the death of Abraham Lincoln, Andrew' 
Johnson, Vice-President, succeeded him, and 
was in his turn succeeded by General Grant. 
Then followed Rutherford Hayes, General 
Garfield, who was assassinated in 1881, General 
Arthur, Grover Cleveland, General Harrison, 
Grover Cleveland again, William McKinley, who 
was assassinated in 1901, and Theodore Roose- 
velt, who was a second time elected to the 
position of President and still holds the office. 

War with Spain. One of the most 
remarkable events in the recent history of the 
United States was the war between the Republic 
and Spain. This war was brought about by 
the manner in which the Sovereigns of Spain 
had long governed Cuba and other islands in 
the seas which wash the southern coast of the 
American Republic. Spain had ruled those 
islands according to the systems universal 
among conquering states during the Middle Ages, 
and had not altered with the growth of modern 
civilisation. The result of this was that tho 
inhabitants of the subjected islands w r ero con- 
stantly breaking out into insurrection against 
the Spanish rulers, insurrections which were put 
down by unsparing force and remorseless 
cruelty. There were several expeditions from 
the United States in support of the Cubans, but 
as they had no support from the American 
Government, they did not succeed. But in 
spite of this it became apparent that the United 
States would have to take decided steps to bring 
about a better condition of things in Cuba. 

The States Acquire Cuba and the 
Philippines. The President of the United 
States tried to do something through the 
influence of some of the European states. The 
Government of England was friondly towards 
this proposal, but other European Governments 
— Franck, Spain and Austria in particular — were 
more inclined to bring pressure to bear upon the 
United States to the end that Spain might lx* 
allowed to govern her islands in her own way; 
and so the project failed, and Spain became more 
arrogant in her defiance of the United States. 

In the middle of the crisis a war* steamer 
belonging to the United States was blown up in 
the harbour of Havannah, and although the 
Spanish insisted that the occurrence was 
accidental, war began. But it had no sooner 
begun than it was over. 

The Treaty of Peace was signed at Paris on 
December 10th, 1898, and Culm and the Philip- 
pines became part of the possessions of the 
great American Republic, from which they 
received absolute local freedom, with the full 
assurance that in tho due course of time they 
were to receive national independence. 
Continued 


ment made strong complaint concerning the 
injuries inflicted on the Federal mercantile 
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A BEAUTIFUL form in Nature constantly 
** repeats, but repeats always with a difference. 
While Nature is lavish and informal, design must 
be formal and restrained. The essence of the 
repeat in design is one of exact reduplication, 
which is contrary to Nature. The designer, 
therefore, will find that repeated ornament must 
be abstract in order to be satisfactory. He 
must start by building up his design cm some 
geometrical basis — the square, the diamond, or 
the circle. Then let him think out his leading 
feature, some flower or graceful curve, which, by 
such principles as those of balance or contrast, 
will suggest other features ; but the final test 
of all must be the capacity to repeat. It must 
be remembered that all sorts of free scroll motives 
are consistent with, and, indeed, based upon, 
geometrical ground-plan. Bold flowing pattern, 
with richness and variety of detail, is perfectly 
possible on a geometrical base ; whereas, with- 
out a geometric plan, want of balance, irregu- 
larity of lines, and awkward gaps are certain to 
occur, only to be perceived when a paper is 
hung. Above all, it is important that the 
designer should constantly test his repeat. 

Stencil Design. One method of obtaining 
an exact repeat is to use a stencil pattern. By 
its means ornament may be duplicated economic- 
ally without the aid of machinery, and it enables 
the artist not only to execute his own design, 
but to allow the personal element to enter 
into its application. The simplest form of 
stencil is that cut out with the knife on a piece 
of cartridge paper. Let the beginner try first 
the effect of cutting out a simple form— say, a 
star or a single flower. If the stencil is then 
placed over a sheet of paper, pigment may he 
nibbed or painted over it, and will leave the 
pattern registered on the ground. From this 
experiment it is but a step to the cutting of more 
complicated designs. In order that the stencil 
plate may hold together strongly, the pattern 
must be broken up into small parts, or held 
together by “ ties/’ These ties arc like the 
“ brides ” in a lace pattern, but in lace the 
design is complete in itself, and the ties serve 
simply to hold it together. In a stencil design 
the ties should form an integral part of the 
pattern. Perfect continuity of line is obviously 
impossible, and the designer must therefore find 
convenient ways of uniting his masses and 
crossing his lines so as to form natural ties. 
The Japanese have always excelled in the art 
of stencilling, and some of their flower patterns 
are marvels of dexterous craftsmanship. In 
many of their intricate patterns the ties con- 
sisted of fine human hair. One great advantage 
of the stencil is that in the personal application 


of the colour it allows the artist to use pleasing 
gradations of tone. 

The Problem of Composition. The 

system of repeat is one by which units of orna- 
ment are distributed over large surfaces, such as 
wallpapers or carpets. Another problem that the 
designer lias to solve is that of filling harmoniously 
a given space — a square or circle, a rectangular 
panel, a diamond, or lunette. This problem 
of filling a defined space, the problem of “ com- 
position,” is one that presents itself to every 
painter. In his case he has to represent in a given 
space a piece of Nature that, as it were, com- 
poses itself ; or else he has to select and define 
in his given area certain aspects of the Nature 
before him. The designer, on the other hand, 
is called upon not merely to select and interpret 
Nature, but to product* original ornament for 
distribution overall kinds of spaces, amid vari.d 
surroundings, and for execution in different 
materials. 

it is impossible to formulate any laws for com- 
position, for it is absolutely free from all rules 
and must largely depend on natural taste. 
Common -sense should teach the student that a 
circle should not be filled in the same way as a 
square ; and that, if a naturalistic composition 
is employed, a stiff-growing, formal flower, like 
the tiger-lily or the tulip, should not he used 
to fill a space enclosed by flowing or spiral lines. 

The Mastery of Spacing and Pro- 
portion. The main principle of spacing is 
that all decoration should follow the structural 
idea, emphasising and enforcing the lines of the 
thing or space decorated. The principal lines 
and masses should harmonise with or repeat the 
outlines of the space. Where the human tigure 
enters into any scheme of decoration, it is parti- 
cularly necessary that it should he so adapted 
that its main lines and curves follow the form 
of the space which it fills. Among the greatest 
masters of spacing are the Japanese, whose work 
has had so much influence on modern European 
art. It is a common error to suppose that 
Japanese designs are merely haphazard and 
accidental. Careful study, however, will show* 
that the principal and subsidiary masses are a 
matter of deliberate arrangement. A Japanese 
designer, moreover, never runs to riot in his 
ornament, but excels in the useful quality of 
leaving open spaces untouched in his design. 

Tastg and experience teach that certain spaces 
and proportions are harmonious, and others not ; 
but here, again, mathematical laws are impossible. 
In the perfect human figure the head bears a 
definite relation to the whole height ; and in the 
same way the relation between capital and column 
in classical architecture became a matter of 
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definite measurement. Experience will soon ment and the use of different tools ; and these 

show the value of certain proportions-— that a separate influences should all be apparent in 

panel, for instance, should be absolutely square, the finished work. The natural qualities of the 

or else plainly oblong. In mounting a drawing material should all be emphasised — transparency 

or engraving, the eye demands that greater in glass, massiveness and solidity in stone and 

space should be left below than above ; for it is marble, strength and lightness in wood, and so on. 

an optical fact that if the two spaces are actually To represent in marble all the delicate intricacies 

equal the lower appears less than the upper. of a lace veil is ingenious, but not art. A glass 

To make a room half frieze and half dado window must never emulate the finished work 

would be disastrous to decoration. It will thus of a painter on canvas ; its province is to be a 

be seen that equality is often antagonistic to mosaic of glowing colours, subordinate to the* 

good design. The Greek architect, for instance, architecture of which it should form an obvious 

never allowed two mouldings of the same width part. When the glassworker begins to attempt 

to come together on his frieze. the full chiaroscuro of the painter on canvas 

Fitness in Means. To all good design he loses at once the individuality and beauty 

beauty, in conjunction with fitness, is essential. of his own art. Material and process should always 

By fitness may be understood suitability in determine the pattern and character of ornament, 

respect to the means by which the design is The potter’s clay thrown on the revolving wheel, 

executed, to the material in which it is expressed, tho molten glass blown by means of a tube, the 

to the purpose for which it is intended, and the plaited straw of the early basket-maker, seem 

position which it is meant to occupy. to lend themselves to certain simple and natural 

The designer should never attempt to conceal designs. The best design is always that naturally 

the means by which his work is produced, suggested by the material itself [8 and 9]. 

Pen or brush, hammer or chisel, each should Fitness in Purpose. Material must con- 
bo allowed to tell its own tale in its own language. stantly enforce certain designs, as when the- 

Modelling in clay, to take an instance, should mediaeval carver was compelled to compose 

never be carried to such sharpness and crispness his figures in curves to suit tho twisted tusk, 

that it appears to have been worked with the In material less simple and with designs more 

chisel. Chip-carving, done with knife or chisel, complicated, the material must be allowed to 

should keep its own simplicity, differing at a assert- its own individuality. The designer must- 

glance from work produced by the gouge, the always be sure that the characteristics of a 

drill, and other tools. It follows, too, that the best pattern are conformable to his material. He 

designer of work to be produced by mechanical should visualise his work in its completed form, 

processes will be lie who understands the eapa- not looking at his design simply as a finished 

bilities and limitations of machinery, the methods drawing upon paper, but always bearing in 

by which carpets are woven and wallpapers mind the aim and purpose of his work, the con- 

printed. Machinery is, in a sense, the curse dit-ions under which it will be used, and the nature 

of modem design. There no longer exists the old of the material in which it will be executed, 

joy of handicraft, when the artist was designer In textiles there should bo a great difference 
and craftsman too, letting hand and mind work bet ween a pattern for hangings or a dress material, 

together in the preparation of a thing of beauty both of them meant to hang in folds, and that for 

for beauty’s sake. At the same time it must be a carpet, which lies flat with its pattern displayed, 

recognised that mechanism is an essential part Wallpapers or carpets should possess characters 

of applied art, and must remain so. tics quite distinct from a curtain or dress material. 

The artist who would produce effective work Wall and floor are stiff and uniform, while curtain 

must realise the existence of the industrial and dress are flexible and uneven. To decorate 

and economic conditions of to-day. The both in precisely the same way would be to 

designer for wallpapers, for instance, must transgress the law of fitness. For a floor, a 

remember that the printer’s block is twenty- pattern of a rectilinear character will best 

one inches in size ; and he should know how express solidity and firmness, as is shown in 

the colour-printing is worked, and what number tiles, mosaic, and parquetry work. The sense of 

of printings are commercially possible. The flatness may be preserved in any formal pattern, 

designer of carpets must remember that carpet- not necessarily rectilinear, but it is interfered 

weaving is done in square or diagonal lines, with by strongly contrasted colours, or by 

giving a pattern really by means of a succ-es- colours that give the appearance of more than 

sion of square tufts. He cannot therefore one plane. A pattern, too, that might be suitable 

depend on delicate curves, but must allow and beautiful in light silk would be ill-adapted 

for squareness in design ; but, on the other to a heavy fabric ; and what might seem coarse 

hand, ho has practically no limitation in his and extravagant in muslin might be eminently 

colour scheme. suitable in a cretonne. Where a rich material. 

Fitness in Material. The designer must such as silk or velvet, is in question, its natural 

also be influenced by knowledge of his material, beauty and richness are best displayed by using 

its colour and texture, its adaptability for a large pattern which leaves plenty of spaces to 

cutting, weaving, moulding, or beating into a show the plain ground. For a cheap material, 

form at once useful and artistic. Iron or gold, such as a common calico, a small and crowded 

glass or day, will all require a different treat- pattern may be advisable. 

Continued 
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■'HE metals here dealt with are three of the most 
interesting. Two of them, nickel and aluminium, 
have had practical application, as metals, only 
in modern times, and are further peculiar from the 
fact that they are produced industrially by pro- 
cesses quite outside the range of general metal- 
lurgical practice. Agafn, two of them repre- 
sent the limits of weight among commercial 
metals: lead is the heaviest, and aluminium 
the lightest of the industrial metals. 

NICKEL AND COBALT 

In the early part of the eighteenth century 
there was ’an arseniousore which much troubled 
Swedish and German miners, owing to its de- 
ceptive resemblance to native copper. They termed 
it koppar nickel or kupfcrnickel , “ devil’s worthless 
copper,” from a form of the German nicklan. st, which 
is represented in English by “ Nick,” “ Old Nick.” 
Cronstcdt examined it and in 1754 isolated the 
metal contained and, reasonably enough, called it 
nickel. The closely allied metal cobalt probably got 
its name in similar fashion from the German kobold 
(goblin) on account of its poisonous and troublesome 
mining character. 

Properties. Nickel and cobalt are bard 
metals related, chemically, very closely to one 
another and to iron, belonging to the iron group 
of metals in the Periodic System of Newlands and 
Mendeheff. They are nearly always found in associa- 
tion. Nickel (Ni, atomic weight, 58 77) is a white 
metal with a brilliant lustre which is but slightly 
tarnished by air, moist, dry, or carrying carbon 
dioxide, at the ordinary temperatures. Cobalt 
(Co, atomic weight generally given as 59, but 
uncertain; a value found in 1900 is 58*895) is a 
reddish- white metal which is untarnished in air. 
Both metals, when finely divided by reduction 
from their oxides with hydrogen, .spontaneously 
ignite in air, and on both a scale of nark-coloured 
oxide is formed when strongly heated. 

Nickel has a specific gravity of 8*35, increased by 
rolling to from 8*6 to 8*9, and cobalt one of 9*0. 
The specific heat of pure nickel is given by Roberts- 
Austen as 0*1108 and by Rcgnuult as 0*1080, iron 
being 0*113 (Roberts-Austen). Its coefficient of 
linear expansion for 1° C. is 0*0000127 (Roberts- 
Ausfin), compared with 0*0000121 for iron. The 
melting point of nickel has been variously de- 
termined at from 1,390 3 C. to 1 ,500 ’ C., while 
the fusing point of cast iron is from 1,135° C. to 
1,220 3 C. ^ Roberts- Austen ) ; pure, 1,000 0. (Hiornsh 
Cobalt is slightly more fusible than iron. When 
molten, nickel occludes carbon monoxide, which is 
given out on cooling, rendering the metal porous. 

Nickel is a very hard but malleable and ductile, 
metal, and has been rolled and hammered into 
sheets not more than 0*0008 in. thick, and drawn 
into wire not exceeding 0*004 in. in diameter. 
Its tensile strength has Deen said to exceed that 
of iron. St. Claire Deville found that a nickel 
wire containing 0*3 per cent, of silicon and 0*1 per 
cent, copper bore a strain of 200 lb., while a similar 
iron wire broke at 133 lb. ; while Kollmann found 
that the tensile strength of a specimen of West- 


phalian nickel equaled that of medium hard Besse- 
mer steel. The following results were obtained 
by Mr. R. A. lladfield for 98*8 per cent, cast 
and forged nickel. The comparative values given 
for iron are by Professor Arnold for 99*8 per cent, 
cast and forged iron. 


With 98 per rent, cold rolled nickel Fremont 
(of Le Nickel Compagnie) obtained an elastic limit 
of 22 tons per square inch. The metal is easily 
welded at a white heat both with itself and to 
iron and to certain other metals; this properly is 
the basis of an excellent nickel-plating process 
invented by Fleitmann. 

Nickel is magnetic, though not equally with iron 
(1 : 1*5): cobalt is only slightly magnetic. Both 
metals are said to lose their magnetism wlienlieate 1 
to about 350 (-. Their relative electric conductivi- 
ties (Ag 100) are 12*89 and 10*9 respectively. 

Nickel is slightly acted upon in the cold by 
hydrochloric and sulphuric acids, but dilute 
nitric acid and aqua reyia dissolve it readily. It 
is, however, but very slightly attacked by organic 
acids and the alkalies. Fused alkalies oxidise 
platinum: and nickel, therefore, replaces thin metal 
for laboratory crucibles and other vessels used for 
melting alkalies. Where expense is a secondary 
consideration it is a valuable metal for culinary 
utensils. 

Nickel and Cobalt Ores. Nickel is 
comparatively a noil-abundant element. It jo 
present in tic* sun’s atmosphere, and has been found 
in meteorites. It is very rarely found native. 
Its ores arc complex mixtures, divisible into three 
classes: sulphides, silicate, and arseniferous. Cobalt 
ores are almost invariably associated with nickel 
ores, and cobalt frequently replaces nickel in part. 

The most important mines are those of Sudbury, 
Ontario (sulphides), and of New Caledonia (silicate). 
Mine < in different parts of Europe produce smaller 
quantities of arseniferous ores. Almost the whole 
of the 11,810 tons of nickel produced in 1904 came 
from the Sudbury and New Caledonian ores. 

The largest deposit is probably that of the 
great niekeliferous district of Sudbury, covering 
about 2,800 square miles. Here* the ore consists 
of n mixture of ohaleopyrites (Cu .S.Fe..S.,) and 
pyrrhotite, a monosulphide of iron, part of the iron 
aiid copper in the two minerals, varying from 
2£ per cent, to 10 per cent, (partly with the depth 
of the deposit), being replaced by nickel. This is a 
sufficiently large proportion to make the deposits 
pay as nickel ores, the copper (practically tlio 
whole produced in the province of Ontario) being 
a hy-pioduc*. The ore is not found in veins but 
in irregular lenticular masses and pockets. 
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TENSILE STRENGTHS OF NICKEL 

I Elastic limit. ' 

Tensile HLrength j Klmik'iition. 1 

j Ton*. 

T< in, 1 IVr 

cut. 

j Ni< k«*l, j Iron. 

Nickel, j Iron. Nickel. 


Cast (unannealed) . . : 11 ! 14 

1(1-25 1 20 4-5 

U\ 

Forged (unannealed) , 14 j 14 

:12*2 22 4.V5 

47 

Forged (annealed).. 1 7 1 -- 

21-25 — ! 54 J 
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Miller itc (NiS), a valuable souroe of nickel, ia 
sometimes found with the Sudbury pyrites. 

The ore of Now Caledonia is gamteriie [(NiMg) 
SiO ; , 4- n H„0], a silicate containing from 7 per 
cent, to 8 per cent, of nickel, 41 per cent, to 46 per 
cent, of silica, and oxides of iron, aluminium, and 
magnesium, found by Gamier in 1875. It is free 
from arsenic, sulphur, and copper. Other nickel 
ores are the blende, glance, eobaltic pyrites, and 
kupfernickcl, found in s nailer quantities in various 
parts of Europe. Smaltine, cobaltine, and cobalt 
bloom are European arsenious cobalt ores. 

Treatment of Ores. There are many 
nickel oro reduction processes, but the commercial 


The Mond Process. This is the only process 
in metallurgy where the metal sought forms a gaseous 
compound during the process of recovery. It depends 
upon the fact, accidentally discovered by Drs. Mond 
and Lange in 1889, that at about 50 J C. nickel forms 
a volatile poisonous compound with carbon mon- 
oxide, known as nickel carbonyl , Ni(C0) 4 , which is 
entirely dissociated by raising the temperature to 
150 J C. Iron is the only other metal which forms 
such a compound. Several patents were taken out, 
and the Mond process has been commercially oper- 
ated since the beginning of 1902, at Clydach, near 
Swansea. The principal operations of the process 
are shown diagrammatically [1]. Cupriferous nickel 
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1. DIAGRAM OF OPERATIONS OF MOND NICKEL PROCESS 


and the important ones come under three heads : ore mined at Sudbury is roasted and concentrated 

copper ores (chalcopy rites) by two processes only, by Bessemer ising, and the matte obtained, contain- 

the Mond and Orford ; silicate ores (garnierite) by mg from 30 to 40 jkt cent, of nickel and about 45 per 

repeated reverberatory roastings ; and arsenical cent, of copper, is ground in ball mills at the works in 

and sulphurous ores by the production of a matte South Wales, and calcined to form nickel oxide and 

or speiss. In all processes nickel oxide is produced drive off sulphur and arsenic. It is then leached 

which is reduced to the metal. with sulphuric acid, about half the copper being 

The first process in treating the sulphurous extracted as sulphate, which is crystallised out and 

ores of Sudbury is roasting. After crushing and sold. A diagrammatic representation of the plan tuse l 

sorting, the ore is roasted in heaps of from 600 tons is given in 2. The copper-extracted matte, which 

to 1,800 tons, piled up on a bed of wood to about is separated by filtration and centrifugalisation, 

0 ft. or 8 ft. high. The heaps are allowed to is carefully reduced in reduction towers with water 

burn for from six to ten weeks, whereby the or producer gas. In order to prevent the formation, 

sulphur content is reduced from 22 per cent, to later on, of iron carbonyl, it is necessary at this stage 

7 per cent., the iron partly oxidised, and the ore to keep the temperature as low os possible, so that 

disintegrated and reduced to a matte. iron oxides may not be reduced. This regulation 

The silicate (New Caledonian) ores do not require of temperature is achieved in the reducers, which 

the preliminary roasting. At first their purity are built up of a number of short cylinders, with 

induced their discoverer to work them direct in hollow bottoms, through which combustion gases 

wind furnaces on the same principle as that by from a flue, or water, or air, may be circulated for 

which pig-iron is produced. But this process has heating or cooling. The water gas rises through 

been abandoned because it was found impossible to the towers, passing over a stream of matte, descend 
rcmovesulphurcntircly, V oumu»e ing from cylinder to cylinder, 

and a matte is produced , votAT,t, * EM through side and central open* 

by smelting in a water- ig=j [ , ings by means 

jacketed furnace with s ^ rr ® rs ’ u “ 

sulphur or salt-eake. 3gT]§j| r j' * gg * ' ducing the 

This matte is powdered ^ Si £" " '“•* ]MB f* .'Sji’ir/I f 39 . oxide to crude 

and roasted jpH r fr rj ‘ ' j : j ; ] FT metal. There- 
with quartz V-pJ j- - h •• « P~ : *4 ]- • •j!| • •] fW Ml co duced nickel is 

sand two or ] p o ^ O “r conveyed by 

threo times to J 1 fl H ll :1 i i ™ F I means of eleva* 

reduce the per- j£)F tors to the vol* 

centagc of iron. — atilising towers, 

The nickel is 2. MOND NICKEL PLANT where carbon 


then oxidised by 

double roasting in a reverberatory furnace (the 
iron and sulphur being driven off) and the oxide 
reduced by heating cubes of it, made with flour or 
other paste, in a muffle or crucible furnace. 

Bessemer-refined nickel matte (containing 24 per 
cent, of sulphur, 75 per cent. o f nickel, and about 0 5 
per cent, of iron) cannot be further treated in the 
converter, partly because the nickel oxidises with 
the sulphur, and also because, with the reduction of 
the proportion of sulphur, the melt tends to solidify. 

Sudbury mutte contains copper, and the nickel 
can be extracted from it in the dry way only by the 
Mond and Orford processes. 
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monoxide 

passed over it in a similar manner to the reduction 
treatment. The volatilisers are similarly constructed 
of cylinders, without hollow bottoms, however, the 
heat of the material from the reduction towers 
and of the gas rising through being sufficient to 
maintain the temperature of 50 3 C. required for tlw 
formation of nickel carbonyl. The nickeliferous 
material circulates by means of elevators among 
the volatilisers for from seven to fifteen days, to 
complete the formation of carbonyl. 

The nickel carbonyl gas is then drawn by means of 
a blower through a filter (to remove flue dust) mto 
the decomposing tower. Here the gas passes over 
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granules of metallic nickel, kept in motion to prevent 
cohesion, at a temperature of about 200 3 C., by 
means of which it is broken lip into nickel and 
carbon monoxide, the metal being deposited on tho 
granules, and the gas released and returned to the 
volatilisor. The reaction is shown by the equation 
Ni(rO)* =Ni -f 4CO. The granules are essential to 
start the decomposition. The pellets produced are 
particularly suitable for alloying. They contain 
from 99*4 to 99*8 per cent, of nickel, never more 
than 0*5 per cent, iron, and traces of sulphur and 
carbon. 

The process is somewhat delicate, owing to the 
temperature conditions which have to be observed; 
but, from the fact that nowhere does it exceed 
300 ’ C., the fuel consumed is small in amount, and 
the repairs to tho plant inconsiderable. It is auto- 
matic and also regenerative so far as the carbon 
monoxide is concerned. Sir James Dewar took 
out a patent in 1902 by means of which the process 
of carbonyl formation is considerably shortened. 

The Orford Process and Speiss Ex- 
traction. In the Orford, or separation-smelting 
process, a nickel-copper matte is smelted with salt- 
cake and coke, producing “ tops ” and “ bottoms,” 
which are re-smeltod. The nickeliferous sulphide 
bottoms obtained are roasted with salt in a rever- 
beratory furnace, nickel oxide being formed. This 
is leached out and reduced with coke in the furnace 
to crude metal. Until 1903 the nickel so produced 
was eleetrolytically refined, but as nearly half the 
charge became anode scrap in the process, it had to 
be abandoned when metal over 99 per cent, pure 
was produced by the carbon-reduction and Mond 
processes. 

Nickel speiss is produced from arseniferous ores, 
or. with matte, from a eupro-arseniferous ore, by 
oxidation with silica. The metals pass in a regular 
order into the slag as silicates, cobalt and nickel 
going last. Unoxidiscd arsenides form a speiss, 
which sinks through the slag. When only a nickel 
and cobalt speiss remains, this is re-iluxed and re- 
fused to obtain a nickel speiss with a cobalt slag. 
The speiss may then be worked up by roasting, 
or, if a particularly pure nickel is required, by the 
complicated wet process consisting of a series of 
about sixteen precipitations and other chemical 
operations. 


oxide (0*3 per cent, makes it brittle); and chlorine 
(0T8 j>er cent, makes Dorman silver unrollable). 
Cobalt, copper, and silicon in small quantities do not 
injure nickel. The absence of these impurities is aimed 
at by making a* pure a nickel oxide in the preliminary 
processes as possible. Fleitmann found that mag- 
nesium effectively removes these small amounts of 
impurities, which at first prejudiced the use of 
nickel in alloys. It was added as a nickel alloy in 
amounts less than J per cent. Aluminium has 
now entirely superseded magnesium for this and 
similar purposes. 

Nickel Alloys. The largest use for nickel is 
in its alloys, Derman silver and nickel-steel. On 
account of its non -tarnishing properties and power 
of taking a high polish, it is very largely used to coat 
other metals. 

Nickel- brass alloys are harder, stronger, and more 
chemically resistant than brass, while nickel-steel 
alloys are harder, tougher, and more tenacious ami 
ductile than steel ; but they are somewhat delicate 
mixtures, and are affected by very small quantities 
of the foreign metals mentioned above. For in- 
stance, nickel smelted in the old way from speiss 
always contained arson ic. Tho introduction of 
nickel alloys was thus prevented for a long time. 
Nickel is used in alloys either as the spongy mass 
which is produced by carbon reduction of the oxide, 
as Mond pellets, or as the oxide, the latter being 
largely used for nickel-steel. Nickel alloys contain- 
ing more than 2f> per cent, of nickel are always white, 
owing to the great colouring power of tho metal. 

German Silver. Derman silver is a brass 
with the addition of nickel. It is an alloy in wide- 
spread use, and was prepared by the Chinese, long 
before nickel was known as a metal, by melting 
copper with nickeliferous minerals. It was similarly 
prepared in Kurope in 1770. It is also known umb r 
the names nickel silver, argent an, neusilber, pack- 
fong (“white copper”) and mailleehort. Nevada 
and Virginia silver, silveroid, silverite, elect rum, etc., 
are varieties of the same alloy, with different pro- 
portions of the constituents, and, perhaps, also 
conta ining cobalt, iron, or manganese. ( lerman silver 
is valuable on account of its whiteness and capacity 
for polish, hardness, toughness, malleability and 
ductility, and its chemical resistance to air and weak 
food acids. Derman silver is crystalline, and cast, 


Electro ■ chemical Treatment. No 

known ore of nickel is pure enough or contains 
enough nickel to be directly elcctro-chemically 
treated. Electrolysis is not at present practically 
applicable to nickel mattes. High potentials are 
necessary to deposit nickel from solution, and these 
cause most other metals to be co-deposited. A thick 
deposit of nickel is therefore very difficult to obtain, 
although there is nothing lacking in the thin coating 
obtained in nickel-plating. Electrolytic refining 
of nickel and cobalt is also im- " 
practicable, but a copper-nickel COJ 

alloy is produced by an electro- ~ 

lytic process from mattes. Nrtme ' 

Refining. Formerly coarse T . , . , 
nickel contained as much as from y 


readily obtained from any ore, 
while Mond nickel is from 99*4 to Coin nu 
99*8 per cent. pure. The chief White i 
impurities are iron (1 per cent 
destroys extensibility in German pf re ts 

silver); sulphur and arsenic (1*1 Packfon 

per cent, of either renders nickel Thirds 
unsuitable for rolling); nickel * iftha 


No plates crack on hammering. The crystalline struc- 
ans lure is destroyed by rolling and hammering opera- 
i]]y tions, with frequent annealings, and tho metal is 
dly then easily worked under the stamp or in the rolls, 
are provided the metals used in alloying are pure. In 
cse making Derman silver, the alloying rnetals are used 
irk as binary alloys- -a nickel and copper alloy Icing 
iin, mixul with b ass. Modem proportions for the alloy 
ing vary very considerably. Some of the representative 
ing formulae ar e given in the following table. 

COMPOSITION OF flERMAN SI l -V Kit ALLOYS I 


The bent- for beauty, lustre, 
and working 


Nmne. 

Klukvl. 

Cupp, > 

Zinc*. 

The ideal alloy 

34 

40 

20 

Extra white metal 

30 

50 

20 

Berlin argentan 

26 

52 

22 

Electnim 

25*8 

51(1 

22*6 

For spoons, forks, etc. . . 

25 

50 

25 

Coin metal 

25 

75 

— 

White metal 

24 

54 

22 

Sheffield 

24 

57 

19 

Best best . . • • 

21 

50 

29 

Firsts . . . . • • 

16 

56 

28 

Packfong .. • • 

15*6 

438 

40*6 

Thirds 

12 

56 

32 

Fifths 

7 

57 

36 


Blue-white, untarnishable 
Continental coinage 


For plated goods 
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Platinoid is a German silver with 2 per cent, of 
tungsten added. It has the properties of German 
silver, but its electric resistance is 1 j times greater, 
•\nd changes only 0*0209 

ohm per degree between — — — 

0 J C. and 100 5 C., whereas 
German silver changes 
0*044 ohm per degree, and 
copper 0*38. Its resist- 
ance, therefore, being 
very high, and approxi- 
mately constant, it is 
largely used for resistance 
boards and similar pur- 
poses. 

Nickel - steels. 

Nickel added to steel 
raises its elastic limit 
and tensile strength and 
increases its hardness and 
its resistance to alter- 
nating stress, impact, or 
shock without seriously 
lowering its extensibility. 

It had long been noted | 

that meteoric iron is ; 

tougher, more malleable, - VS 

and less easily corroded L , , ' 

than ordinary iron, and » — 

it was known that nickel 3 . steel elate riCRFC 
was present, but it was 

not until pure nickel was obtainable that alloys 
with iron were successfully made. Most harden- 


ed M PAR ATI V E STRENGTHS Ob’ REPRESENT ATIVE NICKEL-STEELS 


3 . STEEL PLATE PERFORATED BY PROJECTILES 


1 

Authority. J Condition. 

Nickel. 
Por wilt. 

Cailmn. 
Per cent. 

Muti gimme 
Per oout. 

El antic 
limit. 
Toiib per 
W|. ill. 

Maximum 

strenp. 

Ton* per 
s«p in. 

Aren 

reduction. 
Per cent. 

Arnold 

1*51 

0*11 



22*45 

26*8 

62 

San key & f Annealed 

205 

0*32 

0*512 

21*7 

30*3 

58*6 

Smith I Do. (Sheffield) . 

301 

0*28 

0 516 

21*0 

30*2 

40*3 

V Oil-tempered (German) 

4175 

0*31 

0*615 

23*7 

50*4 

54*3 

! R iley . J Rolled and annealed 

5 

0*5 

0*34 

32*5 

46*8 

— 

; V, Do- 

25 

0*82 

0*52 

15*1 

42 1 

43*6 


ing constituents of iron and steel make the metals marine shafting where there are continual variations 
brittle, but nickel and manganese are exceptions. * of alignment, owing to wave shocks, the indefinite 

The strength factors of re- repetition of which means 

presentative nickel-steels are 1 1 — ~u. fi. tl, 

shown in the table given 
above. For ordinary soft steel 
the limit of elasticity is about 
13 tons, and the ultimate 
strength from 22 to 35 tons 
per square inch. 

The combination of ductility 
with strength and hardness 
particularly tits nickel steel for 
armour, and it is probable 
that no armour or deck-plate 
is now made that does not 
contain from 3 per cent, to 5 
per cent, of nickel. The best 
armour plate yields by perfor 
ation rather than by fracture. 

Nickel- steel armour was 
adopted by the British Navy 
in 1890. In an official test 

m ule some ye;rs ago an — 1 where rigidity without brittle- 

ordinary face-hardened 4 . nickel-steel plate against which ness is required. Its greater 
(cemented) plate cracked and SHELL HAS BROKEN UP strength permits decrease in 

fractured under test, while weight, or an increased safety 

a Krupp nickel-steel plate, 6 in. thick, which factor. It is also of vmue in tool-steels, steam- 
mas attacked by guns of equivalent weight, hammer and rock-drill piston rods, hydraulic 
did not crack, and the projectiles rebounded, cylinders, and similar high stress apparatus. 


owing to the elasticity of the plate. The pro- 
jectiles, which were fired at a hardened nickel - 
steel Vickers plate, 11*8 in. thick, would have per- 
forated an iron plate 20 in. 
— — — — — “-"l thick, but they broke 
against this plate, leav- 
ing their heads imbedded, 
without cracking it. 
Krupp plate contains 3*5 
per cent, of nickel, 1T> 
per cent, chromium, and 
0*25 per cent, carbon. 

Results of tecent ar- 
mour plate trials by 
Messrs. Vickers, Son s & 
Maxim, Ltd., aie shown 
in 8 and 4. The former 
m is reproduced fro in 
a photograph of a 4-in. 
plate made of non - 
cemented steel, which has 
been completely perfor- 
ated by four projectiles, 
4 in. and 3 in., two of 
which aie shown in the 
photograph, practically 
undamaged. The latter 
. . [4] shows part of a 1900 

~~ cemented nickel - ste I 

tATED BY PROJECTILES - in. Vickers plat:* 
which completely broke 
up a G-in. shot, the fragments being shown at fclio 
bottom of the photograph. 

TVE NICKEL-STEELS , - ( ? n noco “ nfc llH 

high elastic limit. 

Elastic Maximum AreH llickd-Stecl is of great 

mtT Toiu per Twer importance for gun- 

"'«■ 1,] - il> - steel in combatting 

22 - 4 r » S 02 the fatigue induced by 

12 217 30*3 58-6 repeated high firing 

l® 21 9 1W‘ 2 411*3 stresses. Its high (das- 

[° H-I 40-8 5 ~~ ti° limit, combined 

2 15*1 421 43 0 with ductility, also 

- - — - - ■■■■ ' — J give it value for 

marine shafting where there are continual variations 
of alignment, owing to wave shocks, the indefinite 

repetition of which means 

rupture of the shaft. The 
use of a 3*25 percent, nickel- 
steel shaft instead of ordinary 
steel multiplied by six the 
number of rotations before 
breaking. In a series of Ameri- 
can flexure tests, a 5 per cent, 
nickel-steel tube bore 
1,000,000 flexures, compared 
with 100,000 for a 0*1 per cent, 
carbon steel. Its resistance 
to alternating stress and shock 
render it exceptionally service 
able in high-speed engine 
parts, marine shafting (as men- 
tioned above), girders, stan- 
chions, railway axles and 
tyres, and hull plates (nickel- 
steel is less corroded in salt 
and fresh water than steel), 

where rigidity without brittle- 

imn i n a Txrom umfiiir • w Z •% Ti _ 



Cobalt has a similar influence on steel, but its 
limited supply prevents it competing with nickel. 

Nickel-steel is made in the open-hearth furnace, 
in the ordinary way, with ferro-nickel or nickel 
oxide. 

Cobalt Compounds* Cobalt would compote 
with nickel in many respects if it wero obtainable in 
greater quantities, but, the supply being limited, 
its compounds are the only forms in which it is used. 

Cobalt forms two oxides — the protoxide, CoO, 
and the sesquioxide, Co 9 0 3 . The protoxide forms 
numerous salts. The chloride and nitrate in weak 
solution forms sympathetic inks, turning bluish 
green on heating, fading away again, if they are not 
too strongly heated to form a basic salt. The 
sesquioxide is of no practical value. It forms no 
salts. The protoxide is the basis of all blue colours 
used in glass and porcelain work. Smalt s is a glass- 
cobalt oxide, melted with quartz sand and potas- 
sium carbonate. Fine smalts was used for bluing 
paper, but is superseded by artificial ultramarine. 
Za/Jre is a fritted silicate made by heating the oxide 
with quartz. It produces a deep blue glass when 
fused with a carbonate. Other cobalt colours are 
cobalt blue (a mixture of the hydrated oxides of 
cobalt and aluminium), Thenard's blue (cobalt and 
aluminium phosphate), and Rinman's green (zinc 
and cobalt oxides). 

In making smalts, fairly pure arsenical ores are 
calcined in a reverberatory or muffle furnaco (with 
arsenic condensing chambers), mixed with glass- 
house sand and potassium carbonate, and fused in 
glasstnakers’ pots. 

LEAD * 

Lead is one of the oldest metals. As far back 
as b.c. 878 a king of Assyria took tribute in galena, 
and this ore was reduced by crude smelting opera- 
tions centuries before that date. The Romans con- 
ducted huge lead mining operations in the Iberian 
Peninsula, and Pliny says that they employed about 
20,000 slaves in the mines. Lead used up to com- 
paratively recent times was superior to the modern 
metal in colour and durability, owing to the presence 
of a small proportion of silver, whiclf is now almost 
completely removed. 

Properties of Lead. Lead, when pure, is 
a bluish grey metal, and is soft, plastic and viscous. 
It can be cut with a knife, and clean surfaces can 
be welded in the cold by pressure. It is i lmost 
non-elastic. A wire Vath in. in diameter breaks 
under a strain of 30 lb. Lead met with in com- 
merce is practically pure, owing in part to the 
rigid refining it undergoes for the recovery of the 
silver. It is the heaviest of the ordinary metals 
of commerce (S.G. = 11*35). According to Fizeau, 
its coefficient of expansion is 0*002048 : its specific 
heat is 0*0314 ( Regnault). It melts at 326° C., and 
contracts on solidifying. A film of oxide is rapidly 
formed in air, but increases very slowly, rure 
water by itself is without action on lead, but if air 
be present a hydrated oxide is formed, which is 
soluble. Further, oarbon dioxide, if present, makes 
this process of lead corrosion and solution a con- 
tinuous one by precipitating the hydrate as carbon- 
ate as it is formed. There is, accordingly, danger 
in the use of lead pipes and tanks for the distribution 
of pure water ; but, fortunately, drinking water is 
rarely chemically pure, and generally contains the 
small proportion of carbonate or sulphate of lime 
which suffices to prevent this action. Nitrates and 
nitrites increase it. Even the pure waters of Loch 
Katrine appear to act so slowly on the Glasgow lead 
P l Phig that short service-piping seems to be without 
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danger. Lead cisterns and domestic utensils of load 
are, of course, highly dangerous. Dilute sulphuric 
acid is without action on lead, hut when concentrated 
and heated, it forms the sulphate. Dilute nitrio 
acid readily dissolves lead. 

Lead Ores. Ix* ad occurs native, and 
mineralogists recognise some sixty ores, but, 
metallurgically, there are only three ores: (l) 
Galena (PbS), containing 86*(i ]kt rent, of lead; (2) 
Cerunit i (PbCO.,), 77*5 per cent.; and (3) Anglesitc 
(PbSOj, (58*3 per cent. The distribution of galena 
or other ores is almost universal. 

Galena is the principal lead ore. It is by far the 
most abundant, and is also the chief smelting 
mineral for silver, of which it contains from 0*01 to 
0*3 per cent, as sulphide ( = from 3 oz. to 113 oz. 
per ton). It contains from 83 to 80 per cent, ot 
lead, and from 1*3 to 10 per cent, of sulphur. 
Galena occurs in a great many geological format ions. 
The principal mines of the world are those of the 
South of Spain and of Missouri, Utah and Missis- 
sippi, in the United States. The galena mines of 
Broken Hill, New South Wales, and of Queensland 
are worked chiefly for their silver contents. 

Anglesitc and oerusite are generally found as 
surface deposits in galena mines, and are, in fact, 
atmospheric oxidation products of galena, as may 
be seen from their chemical composition — PbO.SO., 
and PbO.CO._M anglesitc being an intermediary stago 
in the production of the carbonate. The carbonate 
is sometimes found crystalline as cerusite, but more 
often occurs in earthy masses mixed with clay, 
limestone, iron oxide. The largest mines are those 
of Nevada and Colorado, in the United States of 
America, where the ore occurs in pockets in lime- 
stone. The Colorado ore contains from 0*1 to 2 
per cent, of silver, and was originally worked chiefly 
for that metal. The sulphate (Anglesitc, PbS() 4 ) is 
found in the United Kingdom, the United States, 
France, and Germany, but its distribution is limited. 
It is smelted with galena ores. 

The arsenate (Nlimetesite, PbCI.,.3Pb. ) As. i O s ) jg 
found in galena veins to a small extent in England 
and Saxony. Flint-glass makers use it. British 
load and lead-silver ores (principally galena) aro 
now mined only in Derbyshire, Flintshire, and the 
Isle of Man. Scottish, Irish, and West-country 
mines closed down some years ago owing to 
exhaustion or unprofi table working. 

Treating the Ores. The treatment of 
galena is practically the treatment of lead ores 
in general. Separate processes for other ores are 
rarely used, and only on a much smaller scale. 
The carbonate and sulphate are oxidised forms of 
the sulphide which have been oxidised slowly by 
atmospheric agencies instead of rapidly in the fur- 
nace. They are generally smelted with the sulphide. 

The principle of pure galena reduction is, per- 
haps, the simplest of all ore-reducing operations. 
It consists of roasting the sulphide until all the 
sulphur is oxidised, leaving the metallic load. It 
is not quite so simple in operation, because 
galena ore is generally an admixture of lead 
sulphide with iron, copper, and zinc sulphides, zinc 
and lime carbonates, and siliceous substances. TO 
concentrate the ore for smelting, these ingredients, 
which seriously affect the furnace treatment of the" 
ore, are removed by “ dressing.” This consists of 
the operations of crushing in stamping mills and 
separating the particles according to their gravities, 
by washing in buddies, jiggers, or other separators, 
Magnetic separators for removing the iron pyrites 
have come into use in recent years. 
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Lead ores are smelted in the reverberatory hearth, 
or blast furnaces. Practically none but galena ores 
with little silica can be treated in reverberatories, 
or low-silver ores on hearths, owing to volatilisation 
losses. Blast furnace treatment is successful with 
all ores, but the lead produced is of lower grade than 
that resulting from reverberatory or hearth treat- 
ment, and those treatments are frequently combined 
with blast-furnace smelting. Wet processes do not 
exist commercially. 

The principal type of lead revorberatories now 
used are the English, with its modification, the 
Silesian. In the English method, largo furnaces, built 
on air- vaults or open underneath to cool the hearth, 
and high temperatures, arc employed. A sec ion 
of the furnace is shown in 5. The sole is paved with 
slag from previous operations, and has a depression 
where the reduced metal collects and is tapped. 
The dressed ore is fed in through the hopper. The 
process consists in the oxidation of the ore by a 
series of calcinations and roastings, sulphur being 
eliminated as sulphurous acid, with the formation 
of lead oxide and sulphate, according to the 
equations : 

’ 1. 2PbS 4 30.. - 2PbO I SO, 

2. PbS 4- 20 2 - PbS0 4 


dampers and furnace doors, and the oxide and *£Ttl£ 

sulphate react with unchanged sulphide, 

producing a rogulus of load, thus : 

3. PbS 4 2Pb() r- 3Pb 4- SO, 

4. PbS 4 PbS0 4 - 2Pb 4 2SO., 


lead oxide, and 6 per cent of zinc oxide. The MoflVt, 
hearth-furnace, one of the most modem, is shown in 
6. It consists of two hearths separated by a hollow 
partition, in the lower part of which water is 
circulated for cooling. Tin* 
wind chest for the blast (not 
shown) is connected with the 
upper part of the partition, 
from which tuyeres descend 
and deliver the blast at the 
top of the hearth-box. The 
lead overflows from the hearth, 
and is delivered through a 
spout in the work-plate into a 
1 lead kettle. 

In blast-furnace treatment 
preliminary reverberatory 
roasting, or 44 lime-roasting," 
is always carried out, unless 
the silver content is high, 
when the ore is smelted 
raw. The ore treated is then 
mainly oxide, with sonic, 
sulphate and sulphide, 
as well as metallic const i 
tuents. The reaction is 
largely one of reduction 
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ENGLISH LEAD REVERBERATING FURNACE 


These two operations of oxidation and reduction 
are repeated several times until the lead extraction 
is complete. Slaked lime is added to keep the 
charge from melting (reaction does not take place 
in fused ore). It also decomposes the sulphide. 
This is known as the roast and reaction method. 

In the Silesian furnace a low temperature is used, 
giving a slag rich in lead (60 per cent.), which is 
smelted in the blast furnace. Volatilisation losses 
are thereby reduoed, and a higher yield ultimately 
obtained. 

The ore-hearth jirooess resembles that of the rever- 
beratory, with the difference that oxidation and 
reduction are simultaneous, the oxide and sulphate 
reacting with sulphide as soon us they are formed. 
In this process the ore is smelted in contact with the 
fuel by the action of a blast on the fuel, the principle 
being the same as that of the blacksmith’s forge. 
The fuel consumption is about half that of a 
reverberatory, and the process is readily started and 
stopped, hut the volatilisation losses are higher, 
*and the process is of most value in places where 
labour is cheap and fuel dear, such as Mexico. 
Modern hearth-furnaces are water- jacketed, use 
hot blast, and produce large quantities of lead fume, 
which, when drawn off and filtered through woollen 
or cotton bags, form a good white paint, containing 
about 66 per cent, of lead sulphate, 26 per cent, of 
; S986 


of the oxide by the fuel 
(carbon) and the carbon 
monoxide produced by the 
action of the tuyeres’ blast 
on the carbon, the heat, 
of combination being sufficient to melt the slag and 
metal. The sulphate becomes sulphide, and, com- 
bining with cop|)cr, zme, iron, and other metals 
present forms a matte, while silicates with any un- 
reduced oxides form a fusible slag. Precipitation of 
the metal from the sulphide melt is also effected by 
the iron present. 

A load blast or shaft furnace has been shown 
[see 26, page 4125], and a modern rectangular 
furnace is given here [7|. 

Furnace Products. The principal smelt- 
ing products are work-lead (base bullion), matte, 
flue-dust or fume. Flue-dust, or lead fume, is 
present in considerable quantities in furnace 
smoke, and to permit it to pass into the atmo- 
sphere would be a serious menace to the public 
health, liesides causing loss to the smelter. It con- 
sists of a mixture of lead sulphides, sulphates, and 
oxides, with some zinc and other substances in the 
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form of an inflniteaimaHy fine dust. Condensation 
is effected by air or water cooling, the former 
requiring long flues. Formerly, it was accomplish 0 ' 1 
by a mere lengthening of the flues, those at Freiberg, 
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In Saxony, having been added to until they 
reached the extraordinary length of five miles. The 
fume is collected in settling chambers or in the bags 
already referred to. Besides being used as a natural 
paint, flue-dust is made into bricks with lime, and 
reduced in the furnace. It may be added as dust in 
small proportions to each furnace charge. 

The sulphide mattes formed are granulated, re- 
roasted, and smelted in the blast furnace. 

All the furnace processes produce lead in the form 
of work-lead, which contains the bulk of the silver 
and gold present in the one (if it be argentiferous), 
and also copper, arsenic, antimony, and iron as 
impurities. The latter metals render the lead hard 
and unsuitable for desilverising, and their removal 
is a preliminary necessity. 

“ Softening,” or “ improving,” ns it is called, 
which is the oxidation of these impurities in cast- 
iron kettles or reverberatory furnaces, is the next 
process, the liquated oxides being removed as a 
scum. Antimonial dross is worked up for Britannia, 
type, and other similar metals. If the lead be 
non-argentiferous (such as that produced from the 
ores of Missouri and part of Spain), this is prac- 
tically ajl the refining that is necessary. 

Desilverisation. Most lead is argentiferous, 
and recovery of the silver is an important part of 
the business of the lead-refiner. It is effected by 
cupellation [see pages 4,303 and 5848J, or by the 
Pattinson or Parkes alloy processes. 

At one time the silver was recovered by eupella- 
tion alone, the whole of the lead being converted 
into oxide, which was reduced by re-smelting with 
carbon. This was costly, and very wasteful of lead, 
and direct cupellation is now used only in Mexico 
or parts of South America for very rich lead, where 
the silver is the only metal sought. Cupellation is, 
however, the final process in the separation of the 
silver from the alloys produced by the Pattinson 
and Parkes processes. Both these processes produce 
(1) marketable lead, and (2) a much smaller 
amount of a rich silver-lead or silvcr-zinc-lead 
alloy. 

The Pattinson process depends upon the fact 
that silver in quantities up to 2^ per cent. (700 oz. 
per ton) lowers the melting point of a lead-silver 
alloy, while larger proportions raise it. If molten 
argentiferous load, therefore, be slowly cooled, the 
portion first crystallising out contains but little 
silver, the liquid portion being a eutectic alloy 
containing about three times as much of the metal. 
This crystallised lead can again be separated into 
two portions until lead, silver-free, and containing 
from 500 oz. to 600 oz. of silver per ton, is obtained. 
The Luce-Rozan modification qf the process is now 
used. In it the formation of the crystals is pro- 
moted by blowing steam through the melt, thereby 
separating out impurities to the extent of § per cent., 
and the fluid eutectic alloy is tapped off, icaving the 
crystals behind,, which are melted and cast for the 
market. 

The Parkes process is based on the facts (1) that 
silver alloys more readily with zinc than with lead, 
and (2) that a silver-zinc alloy of lead is less fusible 
jnd lighter than lead, and is, therefore, separated 
from and floats on the surface of a lead melt. 
For this process it is essential that the zinc and lead 
should be practically pure. Molten lead from the 

improving ” furnace is tapped into cast-iron 
kettles holding about thirty tons, and a small amount 
im The crust which forms contains 
afi the gold and oopper present, with some silver. 
It is worked up separately to dore silver. The lead 
is now saturated with zinc, and on again adding 


zinc, most of the silver is collected in the crust. 
This is worked up to fine silver. A third addition of 
zinc reduces the silver to about 0‘0003 per cent., 
the unsaturated crust being used in the second 
zincing of the next charge. The lead-zinc-silver alloy 
is liquated from the crusts in a reverberatory fur- 
nace, and the zinc recovered by distillation in a pear- 
shaped plumbago retort. The Parkes process is 
cheaper than the Pattinson (Rozan), but it docs not 
remove bismuth, and the two processes may be 
combined for a base bullion containing appreciable 
amounts of bismuth. 

Cupellation* The concentrated lead-silver 
alloys produced by theso processes arc finally 
separated by cupellation, the principles of which 
have already been explained (page 5848]. The 
Knglish reverberatory furnace used for cupelling is 
oblong, and has a movable iron hearth, which is 
lined with a mixture of crushed limestone and clay, 
or Portland cement mixed with crushed firebrick. 
Bone-ash is no longer used. On a large scale, the 
smelting is made continuous by the addition of 
charge-lead until the charge contains from GO per 
cent, to 80 per cent, of silver. Cupellation of the 
concentrated bullion from several furnaces is 
finished in a separate furnace, the silver being 
refined at the same time. The litharge produced 
may be sold as such or reduced to metallic load. 
Refined and desilverised lead is not less than 
99 ’08 per cent. pure. 

Use9 of Lead. Owing to its chemical inertness 
and great power of resisting corrosion by moisture 
and atmospheric agencies, load is a valuable 
covering for roofs. It is extensively used for the 
same reasons, and because of its plasticity, in sheet 
form for gutters, ridges, and other building pur- 
poses [sen page 358 1, and for lining vats, tanks, and 
chemical works’ apparatus. Sheet lead is made by 
casting Hat ingots in moulds holding several tons, and 
passing them several times through rolling mills 
until they weigh about 30 lb. to the square f rot. 
It is cut into smaller sheets on the mill bed and rolled 
to the weights required for the market. Very thin 
sheets for tea-chest linings are made in the Kast 
by pressing molten lead between tiles faced with 
unsized paper. Tinned leadfoil is lead rolled and 
re-rolled between layers of tin to the thickness de- 
sired. Lead piping is made in an hydraulic press 
| see pages 359, 5326, and 5627]. ” Oompo” pipe is 
lead piping hardened by alloying with antimony or 
tin. It is largely used in gasfitting. Large quantities 
of lead are also used for the plates of electric 
accumulators. In alloys and compounds lead has a 
very wide use. 

Lead Alloys. The compositions of Borne 
of the pricipal alloys of lead are shown in the 
table on the next page. 

Lead unites with most metals in all proportions. 
With tin it forms a valuable series of alloys of which 
the most important arc the pewters and solders. 
I^ead increases the malleability and ductibility of 
tin, but diminishes its tenacity and toughness. 
Pewter is now being replaced largely by unalloyed 
tin, which is whiter and safer for domestic pur- 
poses. The three grades of soft solder melt at 
213 J C., 2KL 0., and 206 ’ C., respectively. 
“ Plumbers’ sealed solder,” stamped by the Plumbers’ 
Company, passes through a prolonged pasty stage 
as it cools, which is the state in which the plumber 
uses it iu wiping a joint. It is due to the fact 
that the alloy has two points of solidification, one 
for the eutectic alloy contained, and another, much 
higher, for the excess of solid lead. The pasty 
mass, in fact, consists of a large proportion of 
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granular lead in a mother liquor of the fluid eutectic. 
Antifriction metals are very numerous, and the 
same name is given to many different formulae. 
Fusible metals are largely used in safety devices 
actuated by sudden or excessive increase of tem- 
perature. The three given above melt below the 
toiling point of water. They are also used for 
taking casts of delicate objects. 

Arsenic increases the fusibility of lead and also 
liar do ns it. In shot metal, which falls from a 
height into water, it enables the drops of metal 
to assume a spherical shape in falling. The per- 
forations in the basin at the top of the shot- tower 
are regulated according to the size of the shot 


required, and to prevent the drops of molten lead 
joining together in their fall, the holes are of irregu- 
lar size, one being three times the diameter of the 
next and so on. In an American modification of 
the usual process, air is forced up a short tower at a 
high velocity so that the descending lead comes 
in contact with as much air as it would in a high 
tower. A centrifugal modification lias also been 
introduced in which the metal is poured on a rap illy 
revolving disc from which it is thrown against a 
screen, in the form of drops. 

Type metal is a lead alloy which has been made 
hard and expansible on cooling by the addition 
of antimony. Bismuth and tin increase its resistance 
to the crushing action of the press. 

Lead Compounds. The most important 
compounds are white lead, a basic carbonate 
(2PbCO n ,Pb(OH). 2 ), litharge and massicot (PbO), 
and red lead, or minium (Pb n O*). 

White lead is the most important of the lead com- 
pounds, and the most important of all pigments, 
forming the basis of nearly all ordinary paints. 
It possesses the greatest covering power and par- 
tially combines with oil, drying hard and homo- 
geneous. It is, however, a very poisonous body, and 
is darkened by the action of sulphuretted hydrogen. 
Zinc white is its most important com]>etitor, but 
it is deficient in covering power and dries slowly. 

“ Genuine ” white lead is that prepared by the 
eld Dutch method and consists of a spongy, trans- 
parent globular powder, the globules absorbing oil. 
Basic load carbonate prepared otherwise is a dense 
crystalline powder, containing more carbonate and 
less hydrate, and the crystals do not absorb oil. 
In the Dutch method, lead, cast into the form ot 
thin gratings, is stacked in brickwork chambers 
in layers on a bed of fermenting tan on which are 
placed earthenware pots containing a 3 per cent, 
solution of acetic acid. The stack is left for from 
14 to 15 weeks. The fermenting tan supplies heat. 


to volatilise the acid solution, and also oarbon di- 
oxide to convert the coating of lead aoetate formed 
on the plates into carbonate. This is detached, 
ground, washed, and dried, and the lead remaining 
used for the next corrosion. Many processor 
have been devised for producing the basic carbonate 
by less costly means, but none, so far, have succeeded 
in producing the amorphous compound. One 
which is largely used consists in treating very 
finely-divided lead in a rotating drum with acetic 
acid for seven days, air, fire-gases, and steam being 
blown in. The carbonate produced is ground and 
treated with soda in settling tanks. The best sub- 
stitute, says Professor Church, is Freeman’s white, 
which is a mixture of lead sulphate 
with zinc oxide and a little baryta. 
Others are lead sulphite, sulphates 
and carbonates of barium, strontium 
and calcium, or mixtures thereof 
with white lead. 

Litharge and massicot are the saem 
oxide, but litharge is prepared above 
the melting point of the oxide and 
massicot below. The former is red- 
dish yellow and crystalline, and the 
latter an amorphous lemon yellow 
jtowder. Litharge is used for the 
manufacture of other lead com- 
pounds of drying oils, oil varnishes, 
cements, for the load plaster of 
pharmacy, and as a glaze for 
earthenware. Massicot is used for 
drying oils, as a pigment, in flint glass, 
and for the preparation of rod lead. 

Lit barge is obtained either as the by-product of 
eupellation or by oxidation of the metal in a rever- 
beratory furnace. If it be gradually cooled it 
partially Hakes. It is sent to the market in tin* 
levigated form, produced by grinding, washing, 
and drying. It is also made direct from the ore. 
Massicot is prepared from the metal at a low heat 
on a reverberatory hearth. 

Red lead , or minium, is prepared from vcllow 
massicot (made by “ drossing ” lead) by heating it. 
for 45 to 48 hours in a furnace known ms the 

colouring oven.” Ground with linseed oil as a 
paint it forms a good protective covering for iron 
and other metal surfaces. It is also an ingredient in 
certain cements, and in Hint glass. 

ALUMINIUM 

Aluminium, or aluminum, as it is frequently 
called in the United States, is one of the most 
interesting of the metals now in common use. 
Its history is not long, compared with the other 
useful metals, on account of the comparative 
rapidity of its development, but it is almost 
romantic, and every decade is packed with interest. 
Even now it is probably only in the infnncy of its 
development, though whether that development 
will be in the metal or its alloys is yet to be seen. 

Occurrence- Aluminium is more abuudant 
throughout the world than any similar substance. 
It is the most widespread element, with the exception 
of oxygen and silicon (with which it is usually found 
in combination), and it is computed that it forms 
8 ’16 per cent, of the earth’s crust, the next most 
abundant metal (iron) amounting to 5*46 per cent. 

There are four important natural compounds of 
aluminium — silicate, oxide, hydrated oxide, and 
fluoride. 

All clays consist largely of aluminium sWcate, 
and constitute the largest natural source of alu- 
minium. The purest play is kaolin, or china clay, 


| COMPOSITION 

OF LHM) ALLOYS 



Alloy. 

Lead. 

Tiu. 

Anti- 

mony. 

Bismuth. 

Copper. 

Other 

Metala. 

Pewter, common 

20 

80 








„ good . . 

1425 

85*75 

— 

— 

— 

— 

„ best . . 

„ — 

90-5 

— 

. — 

0*5 

— . 

Soft, solder, common . . 

50 

50 

— 

— 

— 

— 

„ „ coarse 

(“ Plumbers’ sealed ”) 

(16*65 

33-35 





Soft solder, fine 

33*35 

66-65 

— 






Antifriction metals 

55 

40 

5 

— 




,, 

85 

— 

10 

5 

— 

— 

Babbitt 

40 

45*5 

13 

— 

1*5 

— 

Magnolia 

Fusible metals : 

78 

6 

16 

— 

— 

— 

Newton’s . . . . , 

81*25 

18*75 

. — 

50 





Wood's . . . . | 

24 

14 



50 



<M 12 

Lipowitz’s . . . . 1 

27 

13 

— 

50 

— 

Cd lo 

Shot-metal . . ! 

09*1 

— 


— 

— 

As 0-9 

Type-metal . . 1 

i 83 

— , 

17 






Stereotype metal 

60-3 


15-35 

15*35 


— * 
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which consists almost entirely of aluminium disi- 
licate (Al 9 0*.2Si0 8 .2H 9 0), of which large beds are 
found throughout the world, particularly Limoges, 
Devon, Cornwall, and the United States. 

Kaolin contains 39*8 per cent, of alum inn, and 
would thus seem to be the best ore, but since no 
satisfactory process for separating the alumina and 
the silica has been discovered, it is not available at 
present If it were, nothing could compete with 
kaolin as an aluminium ore. Common clays are 
either impure kaolin or else contain a larger propor- 
tion of SiO fi , ranging up to 70 per cent. 

The anhydrous oxide occurs as corundum and 
emery, and as gems — sapphire, ruby, etc. Corundum 
contains 52'9 per cent, of aluminium, the highest 
percentage of any ore. Large deposits occur in 
South India and the United States. It is not used 
as an ore, on account of its excessive hardness, which 
gives it more value as an abrasive. 

Bauxite* The hydrated oxide (hydroxide) 
occurs largely and widely as bauxite (principally 
Al„0 a .2H,0) ( and also much less frequently as 
diaspore (A1 9 0 B .H 9 0). Bauxite is the source from 
which the metal is obtained by all the processes 
now in use. It was first found near Baux, Depart- 
ment de Var, in the South of Franco, where there 
are beds 30 ft. thick and nearly 10 miles long. 
The most important beds are in the South of 
France (Baux), the North of Ireland (Antrim), and 
Alabama and Georgia, in the United States. 


On calcination they give more or less pure alumina. 
They are of little practical interest in connection 
with the production of aluminium. 

Electrothermic Reduction. No alu- 
minium his been made by purely chemical methods 
for fcvcral years. The heat of combination of 
aluminium in forming the oxide (alumina) so 
greatly exceeds that of other common metals that 
the only feasible processes of rod uc in g alumina 
by means of tho ordinary i educing agents 
(carbon, etc.) aio electrothermic. Electrical 
processes arc of two kinds — electrothermic and 
electrolytic . Electrothermic processes are those in 
which the current acts merely as a heating agent, 
cither by means of an arc or by the resistance of 
the substance treated. No purely electrothermic 
process is now used. Tho most successful was the 
Cowles, which produced, not aluminium, but alloys, 
principally aluminium bronze, in the days when 
the alloys were more valued than the pure 
metal. Rectangular fireclay furnaces [the san e 
furnace used for calcium carbide piodudion is 
shown on page 5758] were charged with a 
mixture of alumina, or other ore, alloying metal 
and charcoal. A current of from 3,000 to 
5,000 amperes was used, tho alumina being 
reduced solely by the carbon of the electrodes in 
tho great heat produced by the resistance of the 
furnace coil tents to the current. It was not possible 
to predetermine the composition of the alloys so that 


Bauxite is usually found in association with ferric 
oxide, silica, and, particularly in American ores, 
with titanic acid. It is usually pisolitie in structure — 
t!iut is, in pea-like globules — and when free from 
iron, is of a creamy white colour. Irish bauxite is of 
the average composition : A), 56 per cent. ; Fe(), 3 
per cent. ; SiO.^ 12 per cent. ; titanic acid, 3 per 
cent. ; and H.,0, 26 per cent. 

For electrolytic reduction, the ore is first calcined 
at a low temperature, to destroy organic matter and 
to convert the iron completely into the peroxide : 
then it is steam-heated under pressure with caustic 
soda solution, and filtered. The sodium alumina te 
thus produced is treated with pure aluminium 
hydroxide, by means of which about 70 ]>er cent, 
of the alumina is precipitated, the remaining liquid 
being mainly caustic soda, which is eon- , 

centrated, and used to treat a fresh quantity 
of calcined bauxite. The precipitated alumina M j J 
is filtered and dehydrated by calcination. [ jj j 
Reduction of the iron, silicon, and titanium A | Jj 
is also effected by fusing bauxite with j 11 
carbon in an electric furnace. f*f| 

Cryolite is a double fluoride of Bh| 

aluminium and sodium (Al 2 F rt .6NaF) 
with some ferric oxide, water, and B 
other impurities. Almost its only Ml / 

source is Ivigtuk, on the West Coast /g L_ ** 
of Greenland, and its con- L ^ 

sequent inaccessibility, com- ' 

bined with its general ' 

impurity, have caused it to ~~ 

be abandoned as an alu- _ 
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minium ore, though it wa 3 HEROULT ALUMI * 
the basis of several of the Bul,dle °* electrodes b. Curbon lining form- tinent. The Heron It furnace is 
older processes. The double ^ th0< i e T»win» vcit" -hown in 8. Similar processes 

fluoride is used as a solvent under the Hall patents uro worked 

for alumina in modern electrolytic processes, in the United States by the Pittsburgh Reduction 
but it is artificially prepared. Company. 

The alums, which were the subject of the early The furnaces used are iron cells lined with carbon 
investigation and from which the metal derives its and rectangular in shape, the internal area being 

title, include a number of double sulphates of alu- about 5 ft. by 2k ft. The negative pole of the dynamo 

Hdniura and another metal (such as K ..SO 4 . Al ..(SO 4 ) 3 is connected with a steel plate in the bottom of the 

•24H 9 0) containing muoh water of crystallisation. cell or with the cell itself, in contact with which the 
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each batch was analysed and then re-melted, copper 
or iron being added as required. Much alloy was 
turned out by Ur* Towles Syndicate, but . since 
the great cheapening of the pure metal, alloys 
have been exclusively made by melting with 
aluminium. 

Reduction by Electrolysis. No one 

has so far succeeded in producing aluminium by any 
practical process of electrolysis from aqueous solu- 
tions without the use of soluble aluminium anodes. 
In the first place, although aluminium in mass is 
unattackcd by water, yet the foil is rapidly oxidised 
by boiling water, and it is quite probable that the 
reason why aluminium is not easily deposited in 
aqueous solution is that, like sodium, as soon ns it 
is isolated it is attacked. Further, in aqueous 
electrolysis of aluminous solutions water 
ny. is decomposed, along with the aluminium 

||f compound, producing nascent hydrogen at 

|| the cathode. This causes the metal to bo 

SIi * deposited in a finely-divided spongy con- 
|| dition, in which it readily attacks the 

Ijr water, being oxidised in the process. 

11 Electrolysis of fused alumina dis- 

solved in a bath of cryolite (the 
9j double fluoride), kept molten by 

the heat due to the resistance 
6 offered by it to tho passage of the 

|| current, is the principle of the 

H processes now in use. 

The details which follow concern 
patents which are 
worked in England (by the British 
IUM FURNACE Aluminium Co.) and on tho Con- 
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the commercial, but it is not so soft as pure tin. 
Drawing or rolling in the cold gives it nearly the 
hardness of brass. 

Tho wonderful lightness of aluminium ie its 
distinguishing economic feature. When pure, its 
specifio gravity is 2*58 nnd 2 '6 to 2*7 in the case of 
good commercial metal. The subjoined table 
demonstrates the advantage thus possessed by 
aluminium over other metals. 


WETGHT OK ALUMINIUM AND OTHER METALS 


Weight of 

Cubit* in. per lb. 

Metals. 

Metals, 

Aluminium — l. 

ALUMINIUM .. 

1 

11*2 to 10*05 

Zinc 

2*63 to 2*79 

4 07 to 3*84 

Iron, cast 

2*70 

3*84 

Tin 

2-8 to 2*9 

3 *79 to? *56 

Tin-plate.. 

2*9 (about) 

3*5 (about) 

Iron, sheet and wrought 

2*94 to 2*98 

3*6 (about) 

Steel 

3*02 to 3*06 

3*55 to 3*5 

Iron, pure 

304 

3*54 

Nickel 

31 to 3*4 

3*4 

Brass (Cu 67%, Zn 33%) 

3*2 to 3*20 

3*33 to 3*25 

Bronze (Cu 84%, Sn 16%) 

3*25 

3*29 

German silver (20 %) . . 

3*33 to 3*37 

3*22 to 3*18 

Copper . . 

3*4 

311 

Silver 

4*06 

2*63 

Lead 

4*4 

2*47 

Gold 

7*4 

1*43 

Platinum . . 

8*3 

1*28 


The figures in the last column emphasise a fact 
which is liable to be overlooked. Metals are sold 
by weight. The capacity of a kettlo is dependent 
on the volume of met \l used. Its weight is merely 
a nuisance. Hence, since tin-plate is nearly three 
times as heavy as aluminium, the weight of metal 
which will make one tin kettle will make three 
aluminium kettles. Accordingly, whenever the cost 
of aluminium is less than three times that of tin- 
plate, aluminium is really cheaper. Tho relative 
costs in the following table will facilitate comparisons 
with other metals. 

These figures are based on 11)00 market prices. 
They can only bo roughly approximate. 

Aluminium melts at about 025 1 C., at a red heat 
and, at the temperature of the electric furnace, 
volatilises. Its mean specific heat is 0*2270, and its 
latent heat of fusion (that is, the amount of heat 
required to fuse it at the melting point) for 99*93 


| COST OK ALUMINIUM AND OTHER METALS | 

Metal h. 

Approximate 
u i an u factor- 

Approximate 

relative 

Approxiiu.it 

relative 

ing cost iu 
pence per lb. 

costs of equal 
masses. 

costs of equ.il 
volumes. 

ALUMINIUM . . 

21 '3 

100 

100 

Aluminium bronze 

24 

112 

324 

Tin 

20 

88 

270 I 

German silver 

32 

52 

209 

Copper 

11 

51 '5 

182 

Bronze and brass 

5*8 

27 

86 

Zinc 

5*4 

25 

67 

Tin-plate 

1*39 

6*5 

19*5 

Steel 

*62 to *69 

2*4 to 3*2 

7 to 9 

Iron, cast and wrought. . 

1*3 

1*4 

3*5 


molten reduced aluminium acts, in practice, as the 
cathode. Tho anode is a bundle of carbon rods 
dipping into the electrolyte and capable of vertical 
adjustment. 

The charge of cryolite is placed in the cell, and 
fused by the current. Pure powdered alumina is 
then fed in continuously while the operation pro- 
ceeds. A current from 3 to 5 volts at a density of 
about 700 amperes per square foot, or 8,000 amperes 
per cell, is sufficient to maintain the temperature 
and tho electrolysis. As part of the voltage is con- 
sumed in overcoming the resistance of the bath 
(thereby heating it), and as decomposition of cryolite 
theoretically requires 4 volts, the cryolite solvent is 
not attacked at all, if the bath be pro}>erly supplied 
with alumina. Therefore, except for mechanical 
losses, it lasts indefinitely and its impurities are not 
transmitted to the metal. Careful purification of the 
alumina and of the anode and lining carbon is all 
that is necessary to produce a pure metal. The result 
of the electrolysis is the splitting up of the alumina 
into aluminium (which, being slightly heavier in the 
molten state than the fused cryolite, sinks to tho 
bottom of the coll, where it is run off) and oxgyen, 
which combines with the carbon of the anode 
to form carbon monoxide, the gas being burnt to 
dioxide outside the cell. The carbon consumed in 
this way is about equal in weight to tho aluminium 
produced. Tho yield of metal in practice is £ to 
J lb. per 12 E.H.P. hours. 

The advantage of combining internal heating with 
the electrolysis is that it enables tho cells to be 
kept comparatively cool; if they were heated ex- 
ternally (as was proposed) they would have to bo 
hotter than the electrolyte, and there is no suitable 
material that is able to withstand the action of 
nascent aluminium at high temperature. 

Impurities* The principal impurities in re- 
duced aluminium are silicon, carbon, iron, copper, 
leud and zinc. The last three, which, in very small 
proportions do not seriously affect, the metal, and 
are not usually found, are partially removed by 
remelting. But no satisfactory methods of re- 
fining aluminium have yet been described. It can 
be purified absolutely by laboratory processes, 
but these are not industrially possible, and com- 
mercially, most of the impurities, particularly the 
important ones — silicon, carbon, and iron — are not 
removable. The metal has accordingly to be pro- 
duced as pure as possible, and this is the reason 
why the alumina nas to be so carefully purified. 

If refining were possible, aluminium could be re- 
duced direct from bauxite, and so a considerable 
proportion of the expense of reduction would be 
saved. This remains to be accomplished. 

Physical Properties. As in the case of 
iron, the physical properties of aluminium are con- 
siderably affected by the presence of small quan- 
tities # of other constituents ; but aluminium has 
not liad, so far, the advantage of the compre- 
hensive micrographic, physical and chemical re- 
search which has been bestowed on the varieties 
of iron, and much has yet to bo learnt of the 
individual and collective influences of the minor 
ingredients of commercial aluminium. Silicon and 
iron are present to the extent of 1 per cent, in most 
commercial metal, and, in that proportion, slightly 
lessen its malleability. Two per cent, makes it 
brittle. Carbon in the smallest proportion markedly 
deteriorates it. 

Pure aluminium is absolutely white on fracture. 
Commercial metal has a bluish tinge due to tho pre- 
sence of silicon, the tint deepening with the amount 
of impurities. Pure metal is distinctly softer than 
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per cent, metal is 100 calories, which is moro than 
that of any other useful metal. The consequence of 
the high value of these two factors is that aluminium 
melts very slowly even in a very hot fire, and that 
castings take several hours to cool. Its coefficient 
of linear expansion is 0*0000231 (Roberts- Austen) 
or 0*0000222 (Fizeau), which is only less than that 
of lead and zinc among the useful metals and about 
equal to tin. Its thermal conductivity is high and 
surpassed only by copper among the baser metals 
(A1 =* 31*33, Ag being* 100, Cu 73*6, and steel li b)- 





The relative electrical conductivity ia put byRichards 
at 69 for 99 per cent, metal oompared with copper 
100 and iron 14 to 16. An aluminium wire that 
would carry the same current as a copper one would 
weigh only half as much. Aluminium ia non- 
magnetic. It is very sonorous and is accordingly 
used for sounding boards. 

Cast aluminium is not very elastic, but it becomes 



9 . SECTIONS OF STEEL CASTING 
a . Improved by aluminium b. Without aluminium 


stiffer, harder, and more rigid on working. Young’s 
modulus for the castings is 11,000,000 lb., and 
13,000,000 and 19,000,000,1b. for wire and rolled 
metal respectively. 

The approximate tensile strength of commercial 
aluminium is exhibited in the following table, 
the relative strength of other metals (rolled) being 
included for the purpose of comparison. 

It is important to note that the above figures for 
aluminium are reduced by 50 per cent, if the metal 
is heated over 100 ’ C. 

The relative figures show that, weight for weight, 
the only metals whose tensile strengths equal and 
exceed that of aluminium are east steel and its 
own alloy, aluminium bronze. That is to say, for 


purposes where the requirements arc strength 
and lightness, cast steel and aluminium bronze 
are the only competitors, expense being a secondary 
consideration. 

Aluminium is a very malleable metal and can bo 
roiled as easily as gold or silver. It can be beaten 
out into leaves of the thickness of ?Tr J rt(T th of an inch, 
and has superseded silver leaf for gilders’ use. It 
is only less ductile than gold, silver, platinum, 
iron, and copper. 

Chemical Properties. Aluminium is a 
trivalent atom of the relative weight 27, its equiva- 
lent being 9. Commercial aluminium on exposure 
becomes coated with a thin film of oxide, similar 
to that forming on zinc, which gives it a slightly 
dull appearance. This film thoroughly protects 
thesurface from further oxidation. 

The action of water has already been referred 
to- Sulphuretted hydrogen, which is responsible 
for the blackening and tarnishing of nearly all 
other metals, has no action on aluminium in the 
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cold. It is but slightly attacked in the cold by 
sulphuric and nitric acids, but is dissolved readily 
in these acids when hot and concentrated, and also 
in cold concentrated hydrochloric acid. 

Potash and soda lye and alkalis in general also 
dissolve aluminium, forming the aluminate. Vinegar, 
organic acids, salt and food substances in general 
have very little action on the metal, even when 
boiling. There is no danger, in the ease of culinary 
vessels, of such traces of aluminium compounds 
having any injurious action on the human body, 
for ordinary food eon tains much more (hail is so 
dissolved in rooking and the action is much less 
than in the case of copper, tin-plate, or iron. 
Food, particularly fruit, cooked in aluminium 
vessels is noticeably fresher and better flavoured 
than when cooked in other vessels. 

Working the Metal. If not overheated, 
that is, much above its melting point, aluminium can 
be melted in ordinary plumbago crucibles without 
absorbing carbon or silicon. No llux is needed, nor 
is it advisable. Only a very thin film of oxide forms 
on the surface of molten metal, and this, while not 
spoiling castings, entirely prevents further oxida- 
tion. Molten aluminium is viscous and docs not run 
sharply in moulds unless it is under pressure, which 
is supplied either by giving a head to the metal 
by means of gates and risers or by air-pressure in 
air-tight moulds. Sharp eastings free from blow- 
holes are thus readily obtained, and hollow culinary 
ware as thin ns in. is commonly east. The shrink- 
age of eastings is about 1 ’8 per cent, of the 
original volume, or nearly twice that of iron. The 
difficulty which this causes is also overcome by 
the use of gates and risers. In rolling or drawing 
aluminium frequent annealing is necessary, for 
the metal quickly hardens on working. It is best 
worked at temperatures between 100 C. and 
150 0. 

The handsome “ mat ” or frosted effect which 
aluminium easily takes is obtained by dipping 
first in caustic soda or potash solution, then in 
strong nitric acid, finally washing with water. 

Aluminium can be welded, but with difficulty, 
on account of its high specific heat and because 
of the soft ,k mushy ” state which it assumes 
some time before melting. 

Soldering. The difficulty of soldering 
aluminium has been recognised as an obstacle to 
its use since Devi 11c first produced it commercially, 
and although innumerable formula* and processes 
have been put forward, aluminium is not soldered 
if other means of uniting pieces of tho metal arc 
possible. There are three reasons for the difficulty : 
(1) the film of oxide which is always present 
prevents the solder getting to the metal anu is not 
affected by ordinary fluxes and appears to form as 
quickly as it is removed, if the mechanical means 
of scratching or filing arc used ; (2) the high heat 
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| RELATIVE STRENGTHS OF VARIOUS METALS ] 


.Elastic limit 

Ultimata 

Relative 

Metals. 

in tons per 
bi|. in. 

strength In 
tons per sq. in. 

strength for 
same weight. 

ALUMINIUM, castings . . 

3 

7 



„ sheet 

5-5 

11 

— 

t» wire 

6*3 

13 to 2a 


„ rolled bars 

7 to 13 

12 

100 • 

Steel, cast 

— 

44 

135 

soft 

— 

33 

87 

Aluminium bronze 

— 

40 

118 

Wrought iron 

— 

20 

03 

Brass, red 

— 

20 

47 

Bronze, gun 

— 

15 

37 

Copper 

— 

14 

| 33 
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conductivity of the metal renders local heating 
to alloying temperature a slow and difficult matter, 
increasingly so as the bulk of the article worked on 
increases, and causes the solder to chill, quickly ; 
(3) the highly electro-positive character of the 
metal causes galvanic action with low- temperature 
solders containing negative metals like lead, the 
result being disintegration at the joint. It cannot 
be said that these difficulties have yet been success- 
fully overcome. 

Alloys. Aluminium forms a large number 
of useful alloys, and it is not impossible that its 
capacity for alloying may eventually provide the 
greatest field for its development. It unites easily 
with most of the metals, the combination being 
usually accompanied by a disengagement of heat 
particularly in the case of copper. Lead and anti- 
mony appear to be the only metals not alloying 
with it easily. The practical production of these 
alloys from the metals is, in general, a very easy 


four principal alloys correspond with their formulas. 
The alloys have considerable hardness (nearly equal 
to gun-steel), high elastic limits (about 18 tons in 
the case of the 10 per cent alloy), and large ex- 
tensibility under strain. 

Aluminium bionze is not easily worked. It 
possesses many peculiarities. It can be well worked 
only within narrow limits of temperature ; cast- 
ings contract on cooling much more than in the 
ease of aluminium, and the alloy can be forged 
only at a low red heat. It needs frequent annealing 
during working if worked cold. 

Aluminium bronze has some vogue as an anti- 
friction metal on account of the smoothness which it 
assesses combined with its hardness and toughness, 
t is more susceptible to corrosion than aluminium, 
but it resists the action of sea water, sulphuretted 
hydrogen, and coal gas well. It can be kept at a 
red heat for a long time without oxidation. Its 
specific gravity is only slightly less than that of 


operation. The aluminium- may bo melted in a 
carbon or magnesia-lined crucible, without a flux, 
and the other metal simply thrown in ; it falls to the 
bottom, melts, and is absorbed by the aluminium. 

Most of the alloys thus produced are improved 
by careful remelting, becoming more uniform, and 
finally perfectly so, by repeated fusions. Very 
few of the alloys liquate ; in general the alloy acts 
as a single metal. 

The useful alloys |7 
of aluminium fall 
into two groups : ( 1 ) ! 
a 1 u m i n i u m con- i 
tabling 10 per cent, 
to 25 per cent, of 
other metals ; (2) 

other metals con- 
taining 1 0 per cent, to 
15 per cent, of alu- 
minium. In almost ’ 
every case, alloys 
between these limits 
possess no useful 

properties, and are ' \ mm . „ . 

mere chemical curio II- ALUMINI 
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copper. 

The 2J per cent, alloy resembles in colour gold of 
low carat alloyed with copper. 1 he 5 per cent, 
more nearly approaches the colour of pure gold than 
any other metal; the 7 per cent, lias the colour of 
jeweller’s green gold; and the 10 per cent, is a 
bright light yellow. 

The bronze alloys would be advantageous for 
_ most of the purposes 

- "" ) for which brass or 

v j ordinary bronze is 
A used, but as they 
s?*j c o s t considerably 
j more they are used 
■{ only where their 
; particular excellence 
i counterbalances the 
J extra cost. Chief of 
I these uses at present 
:> is the manufacture of 
1 propellers, for which 
j their great strength, 
freedom from sea- 

_ _ ! water corrosion, and 

M utensils galvanic action, well 


sities. Alloys of the adapt them. 

first class are somewhat harder, stronger, and Various alloys with copper and zinc containing 

better wearing than the pure metal, while they from 01 to 3*3 per cent, of aluminium arc known as 


retain its lightness. They do not, however, resist 
corrosion so well. In the case of the second 
class the effect seems to bo a notable increase in 
strength and toughness and a remarkable change 
in the colour of the metals with high colours. 

Aluminium Bronze. Of the alloys of the 
second class, and of all the aluminium alloys, 
aluminium bronze is the most important. These 
bronzes are made by adding 2*5, 5, 7*5 or 10 per 
cent, of pure aluminium to the purest copper (the 
smallest amounts of iron, antimony, or arsenic 
in the copper injuriously affect the alloy). They 
are metals having * tensile strengths of from 
20 tons to 40 tons per square inch as the per- 
eentage of aluminium rises, strengths not greatly 
inferior to that of the finest steel, which, more- 
over, are reduced by only one-fourth when 
the temperature rises to 300' C. These were the 
alloys made by the Cowles reduction process, but 
now they are exclusively made by adding the 
aluminium to molten copper. It is most probable 
that these alloys are chemical compounds, for after 
the aluminium has fused on addition to the copper, 
so much heat is evolved that the crucible becomes 
white-hot and has to be removed from the furnace, 
while the proportions of the constituents in the 


“ aluminium brasses ” and arc considerably superior 
to ordinary brass in strength and power of resisting 
corrosion. They are cheaper than the bronze 
alloys and can be forged at a red heat. 

Metallurgical Uses. The widest and most 
important use of aluminium is probably still in the 
purification and improvement of iron and steel, and 
the castings thereof. For this purpose it is always 
added as “ ferro-aluminium,” an alloy obtained by 
adding from 5 per cent, to 15 per cent, of aluminium 
to pure pig iron. Added to low carbon steel up to 
0*2 per cent it increases elastic limit and tensile 
strength (at the expense of ductility) and gives 
good eastings without blowholes. 

Its valuo in this connection is illustrated by the 
photogi aplis of steel castings reproduced in 9 and 10- 
Jn both cases A is the same metal as B, but has 
had aluminium added to it before casting, 0*1 per 
cent, in the case of 9 , and 0*5 per cent, in the other 
case. 

By adding from 0*05 per oenfc. to Oi per cent, 
of aluminium to molten wrought iron a very 
fluid melt is obtained without the superheating 
which is ordinarily necessary to cast wrought iron. 
Castings so produced are oalled “ mitis ” castings- 
They are tougher than malleable iron castings, 
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though not quite so uniform, and are almost entirely 
free from blowholes. In fact, mitis castings 
are objects cast in low-carbon steel, yet having all 
desirable properties of wrought iron. None of the 
added aluminium remains in tho casting. Tts 
office is simply that of reducing the akin of oxide 
which prevents tho wrought iron from becoming 
fluid and of preventing the formation of blowholes 
by keeping the metal fluid long enough to enable all 
the occluded and dissolved gases to escape. 

In the case of cast iron somewhat similar results 
are produced but for different reasons. Moat of 
the aluminium remains in the finished product be- 
cause there is no oxide to reduce, its presence being 
prevented by the considerable quantities of carbon 
present. The fluidity of the melt is hardly affected. 
Tho practical results are that cleaner, more solid, 
softer castings are obtained with a considerable 
deduction in the percentage of defective castings. 

Nontechnical Uses. Of these the largest 
at present is probably as culinary utensils where its 
lightness, toughness, non-poisonous, non-rusting, 
and hard-wearing properties would, but for its cost, 
have long ago given it that supiemacy which is a 
mere matter of time. An important property in this 
connection is its high heat-conductivity, which makes 
cooking in aluminium vessels a speedy matter 
and scorching almost impossible. A reproduction 
fit] of a photograph shows several of the more com- 
monly used aluminium saucepans and stewpans, 
made, without seam, by stamping or casting. None 
of them weighs more than h oz. over the pound 
(eapacity 3 to 4 pints), and the cast-iron handles 
represent a fair proportion of this weight. In the 
case of the camp saucepan, with frying-pan lid, 
the handle weighs 4 oz. ■ 

Great hopes were raised at first of the use of 
aluminium in building and general construction, 
but the great depreciation in strength which it 
suffers as the temperature rises, definitely put it out 
of this field. In military and naval personal and 
camp equipments aluminium finds an increasing use. 

Aluminium for electrical conductors has been 
rejected by the British Post Office because of the 
difficulty of making joints, the indefinite and per- 
manent elongation, and, in the case of the bronze, of 
deterioration. Its low melting point renders the 
danger of its fusing considerably if the current it is 
carrying be much increased. It is, however, 
used for about 500 miles of power conductors 
in the United States. Whenever it is less than 
twice the price of copper it is, for conductors, 
relatively cheapor. 

It is successfully used in lithography in place 
of the heavy, fragile, scarce and variable Solenhofen 
stone. Its use renders quick printing on rotary 
machines possible. 

Its incorrodibility and innocuousnesa render it of 
considerable use in surgery and dental mechanics. 
It is considerably used in scientific instruments, 
particularly where the inertia of a heavy moving 
part has to bo avoided. Owing to its comparative 
freedom from chemioal action it is used in many 
forms of chemical apparatus. 

In the form of powder it makes an excellent 
flashlight, for, in the finely divided form, aluminium 


burns very readily. The powder is also used 
with ferric oxide, as “ thermit,” in the Goldschmidt 
process, for reducing refractory metallic oxides, 
and for welding rails, etc. 

Aluminium is also largely used in motor-car 
building, in petrol motor-engines, in aerostatic 
apparatus and machines, and in a host of smaller 
miscellaneous articles of everyday use, besides the 
particular uses referred to above, either for its 
lightness or its decorative effects. In general it 
is being increasingly used wherever lightness is 
synonymous with economy. 

Aluminium Salts. Alum and the alumina tes 
are much used in the industries. Alum, in com- 
merce, is the term applied to a double sulphate of 
aluminium with a base such as potassium, sodium or 
ammonium. Aluminium salts are tho chief mordants 
used in textile dyeing to fix the dyestuff in the fibre 
and to modify the colour or shade. Alum is being 
displaced by the pure sulphate, from which all other 
aluminium mordants are prepared. 

When solutions of basic aluminium sulphates are 
boiled, a still more basic and insoluble salt is thrown 
down, especially in the presence of textile fibres. 
The basic acetates and sulpho-acetates (“ reil mor- 
dants ”) arc used in cotton printing. 

Aluminium sulphates are used for the base in 
“ lake ” pigments, and are added to Prussian blue 
and other colours to improve the painting quality. 
They are. also used in the tawing processes of pre- 
paring skins for boot and glove making, and in 
preparing glue for paper-glazing. 

In plaster-making, aluin is used to increase the 
hardness. Heated plaster is plunged in an 8 per cent, 
solution and calcined. When mixed with water, 
alumed plasters set more slowly but much harder 
than ordinary plasters, the hardness resembling that 
of marble. 
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By FRED HORNER 


VJT7E may now leave the vertical reciprocating saws, 
** anti consider those of horizontal type, which 
are confined to one pattern, employing either one or 
two blades. They are used for cutting up hard and 
expensive woods, and though not so rapid in action 
as the frame saws they possess some advantages. 

A very thin saw may be employed, which wastes a 
minimum of wood in sawdust, and the power con- 
sumed by the machine is small. A very important 
point is that the boards being sawn but one at a 
time, the sawyer may examine the timber, and 
alter the cut for any one board in order to avoid 
bad places concealed inside. The figuring of the 
timber may also be watched when cutting up for 
wainscotting or cabinet work. In a frame saw 
there is no chance to do anything of this kind, 
because all the blades are set, and must complete 
the division of the log simultaneously. The hori- 
zontal saw does not need a very high grade of skilled 
labour to operate it .and to sharpen and set the 
saws. It is therefore suitable for mills turning out 
a moderate quantity of work in valuable woods. 

A 36-in horizontal board-cutter (as these machines 
are called) is shown by elovation, plan, and end 
view in 21 (W. B. Haigh & Co. Ltd.). It will be 
noted that there is a superficial resemblance to a 
metal-planing machine. The framing comprises 
a bed - plate supporting 
two standards, on the 
front faces of which a 
saddle. A, may bo ad- 
justed up and down by c 
screws, operated by a 
hand wheel and bevel 
gears, or through a belt- 
pulley. The saw-blade, 

B, is strained between the 
extremities of a light 
steel frame s’iding in 
guides on the saddle. A, 
the blade being passed 
through two wood- packed 
guides, seen inside and 
be’ow the saddle, these 
coming close up to the log. 

A long connecting rod, C, 
is coupled with a pivoted 
joint to the end of the 
saw - frame, and embraces 
the pin of a bent crank at 
the other, the crank being 
turned by a bolt pulley, 
which, together with 
another, is made as a 
heavy flywheel. The crank 
throw is 14 in. The log 
tablet D, travelling by 
rollers upon vee shaped 
rails, is racked along through the medium of a set of 
gears whioh derive their motion in the first place 
from the Btepped cones at E, driving thence a worm, 
worm-wheel, and rack pinion. High-speed move- 
ments, in either direction, can be given to the table 
by open and crossed belts on the pulleys, F, con- 



nected to the shaft of the table pinion. The tabic, 
which is made in any length required, has dogs at its 
edges, set inwards by screws, to grip the log*and 
prevent it from rolling about. 

Figure 22 gives a good idea- of the general appear- 
ance of a saw-frame, with single blade, one of Messrs. 
Robinson’s designs. The cross rail is adjustable on 
the pillars by hand or by power, and a graduated 
scale, recessed into one pillar, enables the sawyer to 
see the depth of cut in the log at a glance, and to make 
his adjustments accordingly. The crank-shaft, which 
is balanced, lies between the sloping standards to 
the right, and, with its bearings, is adjustable up and 
down the sloped guides, to keep the connecting rod 
in a central position relative to the saddle, as the 
latter is set high or low to suit the cut. The log 
carriage, a short portion of which is seen in the photo- 
graph, is fed by variable friction gearing, and returned 
at a high speed, all the controlling levers being 
brought to one place for convenience of operation. 

It will be noted that the outlying standard for 
carrying the driving crank in these machines necessi- 
tates devoting a good deal of space in the mill; this 
somewhat objectionable feature is done away with in 
one design by bringing the crank-shaft pillar close up 
to the saddle, and attaching the connecting rod to the 
far end of the saw-frame. Machines of doublo type 
have two blades, each in 
its sliding frame on front 
and back of the saddle, 
one frame having vertical 
adjustment to alter the 
height of its blade relative 
to the other blade. With 
two blades in action, the 
output is considerably in- 
creased. The saw- frames 
slide in opposite direc- 
tions, and are driven from 
double-throw cranks set 
at opposite centres. 

A practice that is rather 
common on the Continent 
is that of standing the. 
driving crank bearings 
upon a separate brick or 
cast-iron pedestal, but it 
is better to tie these bear- 
ings to the frame, as seen 
in the illustrations, to 
secure steady working. 
As the saws in the classes 
of machines described cut 
in both directions, the 
feed is continuous, not 
intermittent. The speeds 
of horizontal saws average 
1,000 ft. per minute, and 
the pulleys make from 160 to 250 revolutions per 
minute, according to the size of the log. Rates of 
feed lie between a few inches and 6 ft. per minute. 
The tables are usually made about 24 ft. in length. 

Band-aawa. All the reciprocating saw 
machines which have been described suffer from one 
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defect — slowness of cutting. 
There are two clnsses of saws 
which work at a far greater 
rate, the band and the cir- 
cular. The former especially 
is entering into rivalry with 
the frame-saws, and in many 
cases ousting them from their 
position in tne mill as log con- 
verting machines. It is clai mod 
by some makers of band- 
mills that one such machine 
will do the work of three 
log frames, or twelve hori- 
zontal reciprocating machines, 
a fact due to the enormous 
cutting capacity of the saw, 
a steel ribbon hav'ng teeth 



running at a rate of 7,000 ft. 

per minute. The feed is corre- 21. horizontal board-cutter 

spondingly increased, ranging 


from 5 ft. up to 80 ft. per minute. A subsidiary from a hand wheel, K. An indicator shows the 

advantage also gained by using band-saws is that, attendant how thick a board will be cut. 


the blades being very thin (from 10 to 19 gauge, 
B.W.G.), the waste of wood in the kerf (say ,V, in. 
wide) is greatly lessened by comparison with the 
thicker frame-saws ; when dealing with costly 
timbers this matter cannot be ignored, since the 
difference in width of kerf will be sufficient on a 
few cuts to save a whole board, instead of throwing 
it away in the form of dust. A skilled operator is 
required to work a band-saw machine propxly, 
and get the most out of it, and the sharpening 
and setting of the saws must be done efficiently, 
but there is no great difficulty in this. 

Horizontal Band-saws. Band-saws are 
constructed in two types, horizontal an 1 vertical, 
the latter being used far more in America than hero. 
A horizontal machine by Messrs W. B. Haigh & Co., 
Ltd., illustrated in front view and plan by 20, 
embodies the principal features found in such saws. 
Two circular pillars, AA, bolted to a bed plate, 
receive sockets supporting a cross-rail, in the ends 
of which the bearings for the wheels, B, C, are held 
in pivots, to let the wheels align exactly with the 
saw. The pulley B is driven from fast and loose 
pulleys on its shaft, and it is of heavier construction 
than the other pulley, C, as the latter is an idler, 
driven only by the saw. The blade passes through 
guides seen adjacent to the log. Tension is given 
to the saw by pushing out the pulley C in a socket 
bearing by means of the hand wheel D, operating a 
worm gear and scrow. A balance weight arrange- 
ment (seen above the cross-rail, adjacent to D) 
maintains an even tension on the blade when run- 
ning by keeping a pressure on the pulley socket. 
The entire affair is raised or lowered on the columns, 
AA, by two screws, worked from worms turned 
by a horizontal shaft driven through bevel gears 


The log carriage, fitted with !> crow dogs, and travel- 
ling upon a V and a flat rail, is actuated by rack and 
pinion from the belt-pulleys at F, driving a friction 
disc, which rotates a roller at varying rates and 
communicates by belt-pulleys across to a gear turn- 
ing the rack pinion shaft, G. A high speed in either 
direction is obtained from open and crossed belts on 
the pulleys H, thrown into gear through bevels, and a 
cla w clutch with G. A set of four levers at the stand, 
J, connect by rods to the three belt-shippers and the 
claw clutch, so that the sawyer has complete control. 

Figure 23 shows a machine by Messrs. Robinson, 
with a log in position, and the feed works shown by 
the breaking away of tho floor. The attendant’s 
stand in front of the left-hand pulley is also clearly 
shown. The pulleys are 5 ft. in diameter. The 
friction feed gear gives any speed up to (10 ft. per 
minute, and quick movements of the carriage are 
obtained independently. 

A photograph taken while the machine was run- 
ning is reproduced in 2t>, showing one of Messrs. 
Ransome’s saws, driven by an electric motor 
mounted directly upon the right-hand pulley spindle. 
The sawyer is controlling the speed of the log as he 
watches the cut. Some interesting examples of the 
output of band saws are given by the firm, the result 
of three hours’ work. One man worked the machine, 
while two labourers removed the boards, and helped 
to fix the logs in position. 

An elm log, averaging 33 in. diameter, and 14 ft. 
4 in. long, cut into 27* in. boards, and two slabs 
in 40 minutes. Whitewood log, 28£ in. square, 
by 16 ft. 5 in. long, cut into 51 }-in. boards in 
60 minutes. Mahogany log, 15 in. square, by 20 ft. 
7 k in. long, cut into 19 boards of differing thicknesses. 
Wainscot log, 12 in. by 18 in. by 13 ft. 7 in. long. 
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cut into 17 1-in. boards. Kauri pine log, 18 in. 
square by 15ft. 2 in. long. Six J-in. boards only 
were cut from this. 

r lho total superficial feet sawn in three hours 
amounted to 3,740. 

A special type of log band-saw is constructed for 
the use of shipbuilders, who require to cut out 
ships’ timbers of considerable length, having curves 
and bevels. The two pulleys are arranged to rise 
and fall independently, so that the blade can ho set 
to an angle, and gradually lowered or raised to 
follow a curve marked upon the face of the log. 
The carriage is of great length, usually GO ft. 

The saws which we have described and illustrated 
are of a type with the saw completely above the 
floor and the tabic. There is one design, made by 
Messrs. Kirchncr, of Leipzig, which differs from 
the ordinary style, in that the pulleys are set low, 
and the blade passes beneath the table, cutting with 
its upper portion. The cross-rail is thus dispensed 
with, and the machine occupies less head room, hut 
excavation is necessary to take the bottom portions, 
a feature which is done away with in the ordinary 
machines. 

Vertical Band-saws. The vertical log 
band-saws are rather less expensive to construct 
than the horizontal types, and they occupy less 
width in the mill, while they are capable of breaking 


down the largest sizes of loss. An 
objection to the design is that the 
lower pulley is partly or wholly 
buried under the floor of the mill. 
At the same time, very large pulleys 
can be used, as much as 9 ft. in 
diameter in the biggest machines, 
with wide and powerful blades. The 
Americans favour these vertical 
band -mills, to the exclusion of hori 
zontal types. The difference n the 
attitude of the saw, lying as it does 
vertically, necessitates presenting 
the log sideways, and as the pulleys 
are fixed, the log must be fed inwards 
for each cut. Figure 25 shows a ver- 
tical band-mill, by Messrs. Ransome, 
in which driving is effected by an 
electric motor, seen to the right, 
coupled to the spindle of the lower 
pulley, which is of heavy construc- 
tion. The top pulley is built lightly, 
and its spindle is supported in 
swivel bearings, adjustable up or 
down, and provided with a weight 
to givo sufficient tension to the blade. Hard wood 
guides are placed to keep the saw running straight, 
above and below the log. One of the objections to 
the early band-mills was that the truth of cut could 
not be depended upon, but with improved methods 
of hanging the saws, and constructing the framings 
and bearings, together with the provisions of proper 
guides, this trouble has disappeared. Difficulty is 
experienced only if an attempt is made to force the 
log along too fast for the saw to cut properly. 

The feed of the log carriage is effected through 
friction wheels, operating a rack and pinion. The 
special feature, however, of the carriage (26J is 
the method of gripping and feeding up the log 
to the saw. The term dog carriage is applied, 
and in America the feeding device is called the 
set work a. A number of headstocks are mounted 
on lateral slides bolted to the longitudinal beams of 
the carriage. The log is gripped between top and 
bottom dogs or clips attached to the vertical faces 
of the headstocks, the dogs being locked by the 
action of weighted cam levers. All the headstocks 
are fed up to the saw simultaneously through screws 
and shafting operated from a ratchet wheel, which 
is manipulated by the attendant with a lever, on 
both forward and backward movements of the lever. 
The amount of set-in may be gauged exactly, to 
give a definite depth of cut. The headstocks are 
drawn backwards rapidly by 
means of the hand wheel seen 
at the foreground, working bevel 
gears connecting to the feed 
screws. An arrangement is 
fitted by which the log may be 
moved backwards, or offset, after 
each cut, sufficiently to keep the 
back of the saw from catching in 
the sawn face. 

Feeding Devices. Two 

modes of feeding other than by 
rack and pinion are employed 
largely in the States. Hope feed, 
suitable for very long logs, em- 
bodies a friction drive, or a separ- 
ate steam engine to wind an 
endless wire rope around a drum, 
and pull the carriage in one 
direction or the other, for out 
and quick return. Direct-acting 
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steam feeds include a long steam cylinder lying below 
the carriage, with a piston-rod conneoted to it, so 
that as the piston is driven in either direction the 
carriage is drawn along, the rate of feed being 
variable by the sawyer admitting more or less steam 
by a controlling valve. The cylinder is built up in 
any desired length by sections from 4 ft. to 8 ft. long, 
by 7 in. to 9 in. bore. A combination of a steam 
cylinder and a rope passing over pulleys is also 
used, in principle like the mechanism employed 
on hydraulic cranes and lifts, with multiplying 
pulleys. 

Loading Appliances. A special class of 
appliances is employed for loading logs on to the 
carriages from a sloping skid upon which the logs 
are stored, lying parallel with the carriage. The 
log turner is a kind of friction winch, operating a 
chain, at the end of which there is a hook, to engage 



25 . VERTICAL LOU BAND-SAW 


in the log, and roll into position on the carriage, 
after which it may be turned and adjusted. The 
log loader comprises a steam cylinder fitted below 
the bottom of the log skid, and actuating arms 
which release a log and allow it to roll on to the 
carriage of the saw. A foot pedal operates the 
steam valve. The steam nigger is the quickest 
means of handling ; it consists of a long vertical 
«m, to which are attached hooked spikes. The 
arm is moved up and down, or canted by two 
steam cylinders of direct-acting type, and the 
spikes may be made to catch in a log, pull it from 
the skid, roll it on to the dog carriage, and further 
turn it into any position most convenient for sawing. 
Tho skids are supplied with logs from a haul-up 
slipway, mentioned previously in connection with 
the lay-out of sawmills. There is a good deal of 
machinery for rapid handling employed in America 
that is hardly represented in British sawmills. In 
addition to the loading appliances just described. 
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centre docks are fitted to the haul-ups, for rolling 
the logs to one side or the other down the slope of 
the skid, from which they are taken off by one 
or other of the machines mentioned. The decks 
are worked from vertical steam cylinders, to the 
pistons of which arms nre pivoted, and canted over 
as desired to press against tho logs. 

Live rolls, consisting of a train of rollers positively 
driven by bevel gears, are useful for transferring 
material from the band-mill to the re-saws, and 
they save a great amount of time which would be 
occupied by hauling about by hand and cranes. 
The timber is transferred to or from the live rolls 
by mechanism which avoids handling on the part 
of the men ; the lateral motion is produced by an 
endless pair of chains, which are raised into contact 
with the lumber when desired, or by spiral rolls 
making contact underneath. 

^Sawdust conveyors are used to transport the dust 
and refuse from the mill to the boiler-room ; they 
are ran by an endless chain driven from sprockets, 
the chain carrying an o])en trough with sloping 
sides. 

Circular saws, for breaking down, are treated 
in the next section of this com sc, together with 
the various lighter re-sawing machines. 

Continued 
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THE SCIENCE OF REASONING 

Logic, the Business of Thinking. How to Find Out the Truth. Francis 
Bacon and John Stuart Mill. The Place of Facts and the Laws of Argument 


By Dr. C. W. SALEEBY 


“ IT has consistently been the object of the 

A Self-Educator,” the reader will say, “to 
stimulate us to reason and to think. Whatever 
the subject of the course, whether animals or 
metals, or ideas or what, we have constantly been 
encountering something which, as the French say, 
gives furiously to think. Now, at this late stage 
in the proceedings, after some of the most 
important of these subjects have run, or nearly 
run, their course, we are asked to consider the 
methods and principles of correct thinking. 
Surely this is a little late in the day. Would it 
not have been more logical to have determined 
the principles of thinking first and then, properly 
equipped, to have attacked the problems of 
nature and art ? ” 

Logic the First and Last of the 
Sciences. This, of course, is fair criticism, 
and it is to be hoped that every reader not 
already familiar with it will find it occur to him. 
From one point of view, logic is unquest ionably 
the fundamental science. If it were possible, 
as it is certainly not, to arrange the sciences in 
a form of classification, having a beginning and 
an end, we could not very well question the right 
of logic to the premier place. It would bo much 
bettor, however, to arrange the names of the 
sciences in a circle, and then wc should find that 
logic was alike first and last. First, because its 
principles are employed in all the other sciences 
as well as in itself ; last, because it is from all the 
other sciences that those principles are inferred. 

Logically, then — as that word is used — we 
should have begun with logic. Practically, that 
course would have ended in failure. The old w ay 
of teaching a foreign language to children was 
precisely analogous to the plan which we have not 
followed. The teacher began with the grammar 
of the subject and went on to its syntax. This 
was the surest way in which to make the language 
uninteresting, and whilst it looked scientific, 
it was really antiscientific ; sinco, instead of 
giving the student reasons for the rules, or 
explaining the manner in which they have been 
arrived at, the teacher simply stated these rules 
as dogmatic truths to be accepted blindfold. 

Logic Must Have the Facts. It is 
now reoognised, on the contrary, that though its 
grammar is fundamental to every language, just 
as its logic is fundamental to every science, 
the best fashion in which to learn a language — 
at any rate, for a child— is to begin with the 
facts and to obtain the rules afterwards. 

Now, tills is exactly what has been the actual 
history of grammar and of logic. Languages have 
not been built from their grammar upwards, so 
to speak ; the recognition of grammar has 
always come last. The language has been per- 
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fectly spoken and written by men who never 
concerned themselves with the existence of its 
theory or grammar at all ; then, afterwards, 
when there were multitudes of facts — facts of 
vocabulary and facts of usage — grammarians 
came, and from the facts inferred grammar by a 
particular logical process which is the most 
important of all logical processes, and which wo 
must afterwards study. 

Thus, also, logic is the last of the sciences. 
No science has been built from its logic upwards. 
The prime cause of the failure of logical systems 
in time past has been their pr6maturity. There 
were not enough facts from which to infer. This 
is why Aristotle, a consummate genius, the father 
of the science of logic, made what is from some 
points of view such a splendid failure. In his day 
there were not enough facts from which to infer 
a system of logic. Just as a grammar can only be 
established after a language has become a living 
thing, so a system of logic can only be established 
after science has become a living thing. For all 
this there is, as we shall see, a logical reason. 

The Value of Logic in Life. And hero 
wo must meet another critic. 'Homer — or the 
other man of the same name — wrote divine 
poetry and knew no textbook grammar. Galileo 
founded a new science, yet scarcely concerned 
himself at all with the principles of reasoning. 
These things are therefore superfluous. A little 
common -sense will keep one straight in writing 
and in thinking too. Let grammar be left to 
the grammarians and logic to the logicians, and 
let us get on to less idle matters. 

This also is a fair criticism, but it can be met. 
It does not follow that the man of letters is not 
the better for grammar, nor the man of science for 
logic. Whatever the history of literature may be, 
the history of science assuredly teaches us that 
the most unfortunate errors have constantly been 
made by the most acute and thoughtful observers 
just because of their logical insufficiency, and 
that logic is pre-eminent as a means of economy 
in science, saving much time and making the 
most of effort. It is, unfortunately, the fact 
that at the present time the young student 
of science is not equipped with any form of 
training whatever in the principles of scientific 
thinking — which are, of course, the principles of 
all valid thinking. For reasons which are obscure, 
if not incomprehensible, logic is not conceived at 
our universities as having any particular relation 
to science. It is usually part of the Arts course, 
and is often bound up with metaphysics. Here, 
however, we must endeavour to make a step 
onwards and realise that logic is the first 
and last of the sciences— certainly not to be 
neglected by the scientific student, to whom it 
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is a thousandfold more important than to the 
student of letters. 

Scientific Reasoning. Since the proper 
province of logic has been variously conceived by 
various thinkers, we must not bo too dogmatic in 
our attempt to define it, especially as language is a 
fluid thing, meaning different things at difforont 
times. The great modem logician, beyond all 
dispute, is John Stuart Mill. He approves of the 
definition of logic as the science and art of 
reasoning — but nowadays we use art in a more 
restricted sense, and the distinction which he 
draws between the two terms may be ignored. 
Furthermore, we must definitely use the word 
reasoning in a wider sense than was at one time 
admitted. At one time a man was said to 
reason only when he drew a particular conclusion 
from a general proposition — as “Man is mortal; 
I am a man and therefore must die.” This, 
of course, is one of the typical rational processes, 
but there is no adequate reason why we should 
deny the term reasoning to the converse process 
• — thus, “ All the men who have ever lived have 
died, and therefore man is mortal.” 

Without further parley, then, let us discuss the 
last of these processes and contrast it with the 
other. Various pairs of terms are used in order to 
contrast them. Reasoning from the general to 
the particular, and reasoning from the particular 
to the general, are known respectively as a priori 
reasoning and a posteriori reasoning, or as deduc- 
tion and induction. Let us use the word inference 
indifferently, but do not let us say “ deduce ” 
when we are describing a process not of deduction 
but induction. These two terms have specialised 
meanings which ought to he recognised. The 
method of science is induction, and the first 
question which we may ask ourselves is as to 
the history of the recognition of this truth. 

The Dogmas of the Church. Tt is one 
of the great facts of the history of thought- that 
the value of induction has been late of recognition. 
Aristotle paid it but little attention ; his logic 
was deductive logic. Given a general proposition 
—he asked himself — what is the proper fashion 
in which to deduce from it, what is the manner 
in which we ascertain the other propositions, 
less general, which are implied or involved in 
the first proposition, and which necessarily flow 
from it ? For ages this logic of Aristotle re- 
mained hidden along with the rest of his work. 
Plato was accepted by the Church, and the 
(Church w as supreme. In the thirteenth century, 
however, that mighty thinker, St. Thomas 
Aquinas, reinstated Aristotle, who thus came to 
be accepted of the Church, and whose logical 
methods were admirably suited to the needs of 
the Church at that time. 

From the point of view of those who accepted 
the mediaeval Church as a final authority on all 
things, whether of heaven or earth, there was 
evidently no need for any but a deductive logic. 
The idea of questioning Nature never arose. 
From the authority of the Church there were 
derived various comprehensive propositions. In 
order to ascertain the truth upon any subject, 
therefore, it was merely necessary to reason 
correctly from those infallibly true propositions. 


Given true dogmas of universal applicability, 
and given absolutely sound methods of reason- 
ing deductively, or a priori , from them — the truth 
upon all subjects was at anyone’s disposal. 

Francis Bacon. But, as everyone knows, 
disaster followed. To silence Galileo was not 
to place the earth in the centre of the Universe, 
and the authority of the Church in matters of 
science found itself in difficulties from which 
it has never since been extricated. That amaz- 
ing genius, Francis Bacon (1561 to 1626), 
dedicated to the King in 1620 his great work 
called the “ Novum Organum.” Despite its 
many defects and faults, this great work niUBt 
remain a classic for all time. Every pioneer 
has faults. Nothing is easier or more impudent 
than, standing on the shoulders of Aristotle or 
Bacon or Spencer, to declare them short-sighted. 
Bacon’s own knowledge of science was not 
really adequate for his purpose. Harvey said 
“ The Lord Chancollor writes on science 
like a Lord Chancellor.” Bacon declared that 
his methods would level men’s wits — “ for our 
method of Discovering the Sciences merely 
levels men’s wits and leaves but little to their 
superiority, since it achieves everything l,v the 
most certain Rules and Demonstrations.” 
Some three centuries have elapsed, and we may 
confidently say that the difference between little 
men and big men is as conspicuous — and as 
humbling for us little ones — as ever it was. 
Bacon under-estimated the value of hypothesis 
in science — there was to be no tincture of any 
method but his method. And what is this ? 

The Logician's Only Hope is In 
Induction. Man, the servant and interpreter 
of Nature (“ Naturae minister ac; interpret* ”), 
depends for his knowledge of truth upon the 
questioning of Nature, and especially upon 
rightly putting the question to her. We must 
not dogmatise until we investigate. “They who 
have presumed to dogmatise on Nature, as on 
some well -investigated subject, either from self- 
conceit or arrogance, and in the professional 
style, have inflicted the greatest injury on 
Philosophy and Learning.” 

The better method was not to dispute upon 
the very point of the possibility of anything 
being known, but to put it to the test of ex- 
perience. Bacon goes on to say that the art of 
logic, employed “ after the mind has become 
prepossessed with corrupted doctrines, and 
filled with the vainest idols — has tended more 
to confirm Errors than to disclose Truth.” 
Instead of the “ Anticipation of Nature ” — 
so-called “ as being rash and premature ” — 
Bacon seeks the “Interpretation of Nature.” 
“ The present system of Logic is useless for the 
discovery of the Sciences — it forces Assent, 
therefore, and not things.” This is a never- 
to-be-forgotten distinction. If our notions “ be 
confused and carelessly abstracted from things, 
there is no solidity in the superstructure.” Our 
only hope, then, is in genuine Induction. 

There are two means by which induction 
may be employed. Bacon describee* them and 
condemns the first. The three paragraphs in 
which he does so are far too admirable and 
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far too pertinent to be mutilated. Here they 

ore. 

Bacon’s 11 Two Ways of Finding 
Truth.” “ There are and can exist but two 
ways of investigating and discovering truth. 
The one hurries on rapidly from the senses and 
particulars to the most general Axioms ; and 
from them as principles and their supposed in- 
disputable truth, derives and discovers the 
intermediate Axioms. This is the way now in use. 
The other constructs its Axioms from the senses 
and particulars, by ascending continually and 
gradually, till it finally arrives at the most 
general Axioms, which is the true but un- 
attempted way. 

“The Understanding when left to itself [the 
original is “ Intellectus sibi permissus ” — a 
famous phrase) proceeds by the same way as 
that which it would have adopted under the 
guidance of bogie — namely, the first. For the 
mind is fond of starting off to generalities, 
that it may avoid labour, and after dwelling 
a little on a subject is fatigued by experiment. 
But these evils are augmented by Logic, for 
the sake of the ostentation of dispute. 

“ Each of these two ways begins from the 
senses .and particulars, and ends in the greatest 
generalities. But they are immeasurably 
different ; for the one merely touches cursorily 
the limits of experiment and particulars, 
whilst the other runs duly and regularly through 
them : the one from the very outset lays down 
some abstract and useless generalities, the other 
gradually rises to those principles which are 
really the most common in Nature." 

Where Bacon was Wrong. The only 
sound method, according to Bacon, is to collect 
facts, right and left and indiscriminately. So 
lamentable were the consequences of the neglect 
of the inductive method in liis time that he would 
not allow even a fragment of any other method 
to be employed. Nowadays we are able to see, 
however, that Bacon was wrong. No discovery 
of any moment has ever been made by the 
rigid use of his method, and doubtless no such 
discovery ever will be so made. The discovery 
described by Darwin in his “Origin of Species" 
is one of the greatest of all time. For twenty 
years Darwin collected facts upon which to 
build his great induction ; for twenty years lie 
rightly put the question to Nature-~6wf he 
tells us himself that he opened his first note- 
book to collect facts bearing on the hypothesis of 
the natural origin of species. 

This criticism is noteworthy, but it must not 
for a moment blind us to the epoch-making 
character of Bacon’s great perception “ Antici- 
pations,” he says, “ arc sufficiently powerful 
m producing unanimity, for if men were ail to 
become even uniformly mad, they might agree 
tolerably well with each other. Anticipations, 
again, will be assented to much more readily 
than Interpretations, because, being inferred 
from a fow instances, and these principally of 
familiar occurrence, they immediately hit the 
Understanding and satisfy the imagination ; 
whilst, on the contrary, interpretations being 
deduced from various subjects, and these widely 


dispersed, cannot suddenly strike the under- 
standing ; so that in common estimation, they 
must appear difficult and discordant, and almost' 
like the mysteries of faith. In sciences founded 
on Opinions and dogmas it is right to make use 
of Anticipations and Logic — [mat is, Logic as 
understock in Bacon’s time, the logic of Aristotle 
and the school men] — if you wish to force assent 
rather than things. If all the capacities of all 
ages should unite and combine and transmit 
their labours no great progress will be made in 
learning by Anticipations ; because the radical 
errors, and those which occur in the first pro- 
cess of the mind, are not cured by the excellence 
of subsecpient means and remedies.” 

The Proper Place of Facts. Nowadays 
Bacon’s great argument has triumphantly 
vindicated itself. The inductive method wo 
now recognise as the scientific method. Another 
term for induction is generalisation, and the 
great object of science is to generalise. Indi- 
vidual facts have their value, of course, simply as 
individual facts, just as a brick is worth some- 
thing a.s a brick. But the real object of science 
is to be able to state a vast number of particular 
or individual facts as one great fact which in- 
cludes them all. Such a great statement is a 
generalisation or induction, and its value boars 
the same relation to any of the individual facts 
which it expresses that a mighty building 
bears to any of the bricks of which it is composed. 

In the ordinary language both of science and 
common speech generalisations such as we have 
described are commonly called laws. We speak, 
for instance, of the law of gravitation or Newton’s 
laws of motion. The term is a good one, and it 
is a bad one. It is good because it expresses 
something of the constancy of Nature. It is 
thoroughly bad because it gives us an entirely 
wrong notion of the real character of what we 
call laws of nature. No better illustration can 
be found than the law of gravitation. Wherever 
and whenever we examine the behaviour of 
matter, we find that it exhibits a constant 
tendency to attract other portions of matter 
with a force varying definitely according to 
definite conditions. We notice this, so to speak, 
of the moon and of the planets and of an apple 
on the earth, and after we have noticed it on a 
great many occasions and in a number of different 
instances, we venture to express these particular 
facts in a general statement which will 'include 
them all. The “law” of gravitation is merely 
such a general statement or generalisation. 

The Danger of a Generalisation. But 
every generalisation without exception is more 
comprehensive than the series of particular 
facts on which it is erected. We may have 
examined a million cases and found gravitation 
true, but the generalisation which we have 
erected upon them presumes to cover not only 
all the other cases in the present, but all the 
cases in the past and ail in the future. Thus 
there is something hazardous in induction. If 
there are a thousand and one facts, and you have 
framed an induction upon a thousand of them, 
the remaining one may defeat you ; and the 
facte of Nature are infinitely numerous. W c 




thifefore can never have too many facts upon 
which to build, and we can never be too modest 
in the expression of conclusions. Fortunately, 
there is, however, a means of testing our generali- 
sations, and that is by the use of deductive 
reasoning, as we shall soon see. 

Now, let us observe what is implied in all our 
generalisations, such as that of gravitation. What 
is the logic of them ? We ascertain a number of 
facts about matter in certain conditions, and 
we venture to assert that, therefore, similar 
phenomena will always be displayed and always 
have been displayed by matter in similar con- 
ditions. 

The Stupendous Assumption of 
Uniformity in Nature. But there is a 
stupendous assumption here, as the thoughtful 
reader will immediately see. It is the assump- 
tion that Nature is uniform, continuous, con- 
sistent, constant ; the assumption that causation 
is universal, and that like causes always pro- 
duce like effects. This tremendous postulate 
underlies all our inductive reasoning, and if 
it be not granted, not a single scientific induc- 
tion, not a single so-called law of science, 
need be accepted. The objector may say, 
“ What you assert may be true of all the cases 
you know ; it may, indeed, be true of every 
case at present and of all cases in the past ; 
but what proof have you that it will be true 
to-morrow ? ” 

Now, the doctrine that Nature is uniform is not 
by any means a sort of intuitive truth which the 
mind has always possessed or has always taken 
for granted. It has to be acquired by the mind 
of the child ; it has taken countless ages to be 
acquired by the minds of the greatest thinkers 
of the race, and it is only nowadays beginning 
to become common property. 

It is immeasurably the greatest of all gene- 
ralisations — the greatest because it is the most 
comprehensive and the most significant, and 
the greatest because the truth of it is assumed 
in the construction of all other generalisations 
whatever. . But it has a wide base. It rests 
upon every fact known to experience, and there 
is no known fact that contradicts it. 

Nature Keeps Her Word. It is only 
with the utmost difficulty that this truth has 
won its way from department to department of 
human thought. For centuries after it had 
been grudgingly admitted as true of inani- 
mate Objects its applicability was entirely 
denied to living things. The notion that it 
applies to man and his doings as an individual 
or in society is still repugnant to many who are 
concerned less to question its truth than to 
declare that it belittles man and human life — 
instead of, as we believe, exalting them. But 
whether true or false, this great doctrine that 
Nature, keeps her word , that thero is neither 
chance peer contradiction nor caprice in the 
cosmos, is the underlying assumption of all 
scientific generalisations. We shall do well to 
rccognise this ere we generalise at all. 

Our. insistence, upon the importance of the 
of , inductions, and of the recognition 
of it ati ap assumption whenever we generalise, 




leads us to the name of John Stuart Mill, to 
whom the argument is chiefly due, and a brief 
aocount of whom cannot possibly be ignored in 
any discussion of inductive logic. 

John Stuart Mill. Mill was bom a cen- 
tury ago, in May, 1806, and died in 1873. He 
is one of the most conspicuous instances of 
hereditary genius, his father, James Mill, being 
a great historian and psychologist. A great 
deal of Mill’s work was controversial against the 
accepted theology of his time. Much of it, and 
that extremely important, was political, and 
some of it ethical ; but beyond a doubt the 
greatest work of him whom Mr. Gladstone called 
“ the Saint of Rationalism ” was his “ System 
of Logic,” published in 1843. This great work 
can now be obtained for a very moderate sura, 
and the reader may be assured that sixty years 
have not brought it anything but strength. In 
a previous course we have had occasion to 
quote from this great work a conspicuous 
instance of insight and prescience as regards 
the ultimate character of the elements. This 
and the “ Novum Organum ” are no doubt 
the greatest works yet written upon inductive 
logic. Mill’s tremendous advantage over Bacon 
may be realised if we remember that Mill was 
a psychologist, as Bacon was not, and more 
especially that inductive logic had been practised, 
and that with the very greatest success, during 
the two centuries that separated these great 
works. Between them there appeared no work 
on logic of any such rank — nor since. The book 
is very long and not easy reading, but the 
serious student will be well advised to prefer it 
to the various renderings of it which have been 
given by subsequent writers. 

A Summary of Mill's M System.” Mill 
demonstrates a number of necessities, which must 
be taken for granted in an introductory course so 
brief as this. He shows, for instance, that we 
must analyse language ere we can make much 
progress. If we do not examine the real import 
of names and other words we cannot “ examine 

into the import of propositions 

a subject which stands on the very threshold of 
the science of logic.” It follows that, as may 
have already suggested itself to the reader, the 
relation between grammar and logic is oven closer 
than our initial analogy between them suggests. 
Grammar is indeed none other than tho logic of 
language, and most errors in the use of language 
are errors in logic and fit study for the logician. 

Here, however, all that can be done is to direct 
the reader’s attention- to one or two of the most 
remarkable chapters in this book. These are 
also the most attractive chapters, and will 
encourage the reader to proceed. He cannot read 
Chapter VI., ■ ' On Propositions Merely Verbal,” 
without feeling that he has made a discovery, 
and the same is true of Chapter VIII., *” On 
the Subject of Definition.” From this the work 
roceeds to Book II., whiclf deals, comparatively 
riefly, first of ail with inference or reasoning 
in general, and then with reasoning in the old- 
fashioned sense of the word— namely, with deduc- 
tion. Book III. is the longest and much the 
most important, dealing with induction in a 
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ifiwhW now dental. H«re (he twd(r' w ctad«m is perfectly be 

will delict hi (he chapters on (he l*w of causa* reached alike In' induction aa*f fe^sfissS 1 ;' (Ute 

trion^ the laws of Nature, Chance, “Observation, a posteriori and a priori, alike by ^ml^%bser- 

and Experiment. Book IV. is subsidiary to vation and by pure reasoning. * 

Book lit ; Book V. deals with the fascinating How Newton u Reasoned Out " 
subject of Fallacies, and Book VI. with the logic Gravitation. Let us take a never-to-be- 

of the moral sciences, by which now obsolete forgotten instance. Working upon the laborious 

term Mill means psychology, sociology, the observations of Keeper, Newton made a great 

science of character, and their allies. induction or generalisation — that the motions of 

All Science Begins in Observation. heavenly bodies are determined by a force oalled 

Let us learn from this brief analysis that gravitation. That induction could not be regarded 

neither logical process should be regarded as as secure, any more than any other induction can, 

complete without its fellow. We commonly until it had been used as a basis or starting- 

speak of induotion or inductive logic as the point or assumption for the process of deduction, 

scientific method, an4 too great emphasis cannot and until observation had shown that such 

be laid upon the fact that the beginning of all deductions led to the truth, 

science is observation. To this experiment may Neither induction nor deduction can stand 
be added, but, of course, experiment is none alone, and the results of each afford great ser- 

other than observation under purposely devised vice to the other. Starting with the law of gravi- 

conditions. But no science is perfect which tation as a truth — its origin, whether by induction 

uses induction alone, and there are sciences m or by universal consent or by a necessity of the 

which induction is almost entirely or entirely mind, being for the moment immaterial — it must 

absent. Pre-eminently, mathematics is a de- follow by deductive reasoning that certain pecu- 

ductive science, and it has that character of liar movements on the part of the planet Uranu^ 

infallibility which distinguishes the products of must be due to another planet of a certain size 

sound deduction. In mathematics, when cer- and distance situated still further from the sun. 

tain things are granted, certain other things This was the deductive conclusion. If the truth 

follow, and inevitably follow. They must he so, of the law of gravitation be taken for granted, 

if the laws of deduction are to be taken for and if all other explanations of the irregularities 

granted. Given the conditions and assumptions of the path of Uranus bo excluded — this diffi- 

of the geometrician, the three angles of a triangle eulty of excluding all other possibilities being 

must bo equal to two right angles. There is not the cardinal difficulty of deduction in practice — 

the slightest need to measure them in any then there must be such a planet, and there is 

particular case or series of cases. The fact must no more need to look for it with the telc- 

be so. scope than the old astronomer thought there 

How the Telescope Upset the “ Lo- was need to look through Galileo’s. But men 

glcians.” Now, would it not be pleasant if only knew how dangerous a priori reasoning is, 

all the other sciences could share this delightful and they therefore put the deduction to the 

privilege of mathematics ? The old opinion, test of observation, with the result which all 

indeed the common opmion before Bacon, was the world knows. 

that they could. It was not necessary to look " If This Is So, That Must Be So.” 
upon the sky; there must be seven planets because Not only does the discovery of Neptune serve 

there were seven virtues and seven deadly sins, as an observation, confirming the processes of 

and because seven was the perfect number. deductive reasoning from the law of gravitation. 

When Galileo asked one of his colleagues at Pisa but evidently it furnishes new and potent 

to look through his newly-invented telescope at strength to that great induction itself. And this 

the newly -discovered moons of Jupiter, the is the test of every induction — that when used 

worthy man refused. He knew a priori , or by as a starting-point for deduction it shall lead to 

deductive logic, that Jupiter could have no conclusions capable of independent confirmation, 

moons, any more than the sun, being perfect, The common-sense man perfectly well recognises 

could have spots— which Galileo also discovered. this great process. * The reader will recognise 

The “ a priorist ” was wrong, and will be a by- his recognition of the process and of its import- 

word to all succeeding time. But it is obvious ance in such an imaginary conversation a a this, 

that, as Bacon pointed out, the method is an which might be heard at any street corner; 

easy and convenient one. It is not only easy “ Oh, you think that’s the way of it, do you ? 

ana convenient, but it leads to the truth in All right then ; if that’s so, then that other affair 

mathematics. And the question arises whether must be as I said it would. Come along, and we’ll 

there is not some place for it in the other sciences. see if you are right.” In other words, our friend 

Deduction has such a place in science generally, proposes to test an inductive conclusion by the 

and we may even say that no scientific con- consonance with fact of the deductions from it. 

Continued 
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By Dr. A. J. HERBERTSON and F. D. HERBERTSON 


DRITAIN has passed through many phases of 
^ eoonomic development. In early times it 
was visited for its tin and copper. During tho 
Roman occupation agriculture was developed in 
the south-eastern lowlands of Great Britain. In 
the Middle Ages it was noted for its wool, 
which was transported to Flanders, to be manu- 
factured there. Gradually manufactures grew in 
England itself, and in the eighteenth century 
the use of coal in smelting and of steam power 
in manufacture altered the economic conditions, 
and Britain was the first country to develop a 
great manufacturing industry. The effect of steam 
power was felt in transport as well as in manu- 
factures, and in railways and steam navigation 
Britain led the way. 

This advantage is now gradually passing away, 
and Britain depends for success largely on its in- 
herited trade relations, an educated manufacturing 
population with inherited interests and skill, an 
immense accumulation of capital, and upon great 
natural resources, of which coal has hitherto been 
the most important. This coal is exported to 
nearly all parts of the world, and is one of tho 
sources of our present supremacy as a commercial 
country, permitting us to carry cargo both ways. 
How far it is desirable to exhaust our coal too 
rapidly is a difficult political question. 

In briefly analysing the commercial geography 
of Britain, we must leave out of account the social 
aspects of the question and confine ourselves to the 
actual mineral and manufacturing products, on 
which our commercial importance so largely depends, 
and on the trade relations of the country. 

Geography of British Industries. The 
economic aspects of different natural regions 
of Britain have been fully described in previous 
parts. All that is necessary here is to briefly 
recapitulate, under the headings of different indus- 
tries, the chief centres at which they are carried on. 

The mineral resources and engineering industries 
have already been described on pages 987 and 5306. 
Coal and iron are the most important. Our coal 
supplies are discussed on page 5302. Already much 
of fie best iron ore is usea, and much is imported. 

The engineering industries are the most widely 
distributed. In special centres they take special 
• forma, The ironworks of Clyde, Northumberland, 
Durham^ and Barrow districts are the cause of the 
neat shipbuilding activities in these districts, while 
Belfast is admirably situated for obtaining coal and 
iron' cheaply from Scotland and North-western 
England. Locomotives are also manufactured in 
the first two districts and around Manchester, as 
Well as, at the great engineering works of the 
leading railways at convenient centres on big rail- 
way .a^tems which are not directly determined 
by pamerol resources, such as Crowe, Swindon, 
wjby # etOi Similarly, vessels for the Navy are 
TOW On the Thames, at Portsmouth, Devonport, 
sadBam broke, where it is desirable, for strategical 
jraWWiy fO?h*ve skilled workmen and all appliances 
fer i ^^ construction. Hardware and most classes 


of iron and steel work are made in the Black Country, 
round Birmingham and Wolverhampton. Cutlery, 
armour plates, and other steel articles, are made in 
Sheffield, Rotherham, and the Don district, and 
steel in the Tyne and Central Scotland districts. 

Textile Industries. Cotton is the most 
important textile, and its spinning and manufacture 
into cloth are mainly Lancashire industries. Old- 
ham, Rochdale, Bury, Bolton, Stockport-, Staly- 
bridge, Ashton, Preston, Burnley, Accrington, 
Blackburn, and many other places are tho centres of 
greatest activity in South Lancashire and tho 
adjacent parts of Cheshire, which form a vast 
aggregate of population, of which Manchester is the 
market, with Liverpool as its port. Cotton thread, 
spun in Paisley, is the only important use of cotton 
in Scotland. Lace is made at Nottingham. The 
bleaching, dyeing, and colour-printing operations 
are carried on at most of the cotton centres, and 
round Alexandria, in Dumbartonshire. 

Woollen manufacturing is the oldest textile trade 
in Britain, and, as has been explained on pages 1272 
and 5120, it flourishes all over the United Kingdom, 
but more particularly in the valleys of the West 
Riding of Yorkshire, and of the Bristol Avon, and 
Stroud Water, with good water supply, and near 
iron and coal fields ; in the Tweed basin, which is 
not very distdht from coalfields. The chief centres 
are Leeds, Bradford, Halifax, Huddersfield, Batley, 
Dewsbury, Wakefield, and Barnsley, in Yorkshire; 
Bradford-on- Avon, Stroud, in the West of England ; 
and Hawick, Galashiels, and Selkirk, in the South of 
Scotland. Blankets are made at Witney, in Oxford- 
shire, and carpets at Kidderminster and Wilton, 
and hosiery at Leicester. 

Other Textiles and Minor Industries. 
Linen manufactures are concentrated in Eastern 
Ulster, where flax is grown, especially at Belfast, 
Lurgan, Lisburn, and Portadown. Dunfermline, 
in Fife, makes fino linens. 

Jute manufacturing is important in Dundee, where 
jute is brought in sailing vessels from Calcutta. 

Silk is not manufactured so much as it might be, 
but it is of some importance in such centres os 
Macclesfield and Derby. 

Brickmaking is common on all the clay areas, 
and quarrying where good stone is abundant* 

Pottery is made especially in North Staffordshire, 
round Stoke-on-Trent, and Newcastle-under-Lyme, 
in Worcestershire, and at Kilmarnock, in Scotland. 

Brewing and distilling are practised all over the 
country. The three capitals, and Burton-on-Trent^ 
are noted for brewing ales and stouts, while 
distilling is important in Edinburgh, Dublin, and 
at many centres in Scotland and Ireland. 

British Trad© Returns. The student 
should procure and study Carefully the December 
number of the “Accounts Relating to Trade and" 
Navigation,” usually published early in thp new year. 
This gives nQt merely the trade for December, but 
that for the past year, with returns for two previous 
years for comparison. This may be supplemented 
by the “ Annual Statement of the Trade of. the 
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L J FOREIGN AND COLONIAL EXPORTS FROM THE 

BRITISH ISLES (Value F.O.B.) | 





InereMo (+) or 

ARTICLES. 

-» 

1904. 

1600. 

1SK6. • 

liecrwwe j - ) In 

1906 a* compared 
with 1904. 

I.— FOOD, DRINK, AND TOBACCO : 

£ 

£ 

£ 

£ 

Grain and Flour 

1,305,894 

1,535,143 

1,399,352 

+ 38,458 

Meat, including Animals for food 

Oilier food and drink : 

718,900 

813,248 

799,787 

+ 80,887 

(1) Non -dutiable 

3,501,448 

3,915,340 

4,063,020 

4 501,578 

(2) Dutiable 

4,989,470 

5,542,518 

5,565,082 

-i- 576', 500 

.Tobacco 

245,402 

221,213 

221,272 

- 24jl30 

Total, Class I 

II.— RAW MATERIALS AND ARTICLES 
MAINLY UNMANUFACTURED : 

10,881,120 

12,027,402 

12,049,419 

4 1,108,299 

Coat, Coke, and Manufactured Fuel 

72 





- 72* 

Iron ore. Scrap Iron and Steel 

20,533 

47,206 

27,177 

4 044 

Other Metallic Ores 

206,553 

369,313 

493,938 

4 220,385 

Wood and Timber 

041,090 

687,971 

909,233 

4 20S;i43 

Cotton 

7,242,952 

0,988,994 

7,100,870 

- 142,082 

Wool 

Other Textile Materials 

9,739,345 

11,230,257 

11,575,035 

4 1,835,090 

3,327,077 

3,784,248 

4,850,008 

-I- 1,528,031 

Oil Seeds, Nuts, Oils, Fats and Gums 

4,508,037 

4,590,301 

4,752,550 

4 - 183,919 

Hides and Undressed Skins 

3,901,494 

5,107,871 

0,523,259 

4 - 2,50 L765 

Materials for Paper Making 

148,230 

1 53,029 

105,909 

4 - 17,070 

Miscellaneous 

9,312,478 

10,863,795 

11,000,969 

4 1,688,491 

Total, Class II 

III. — ARTICLES MAINLY MANUFACTURED : 

39,235,361 

43,835,105 

47,400,954 

4 8,171,593 

Iron and Steel and Manufactures thereof 

385,803 

331,192 

351,270 

1 - 34,533 

Other Metals and Manufactures thereof 

4,(532,275 

5,755,804 

7,855,192 

4 3,222,917 

Cutlery, Hardware, Implements, and Instruments 
Electrical Goods and Apparatus (other than 

608,718 

529,138 

048,949 

- 19,769 

Machinery and Telegraph and Telephone Wire) 

57,955 

74,191 

121,592 

4 03,037 

Machinery 

881,238 

1,134,814 

1,522,991 

4 641,753 

Ships (new) 

Manufactures of Wood and Timber (including 

4,530 

13,359 

10,250 

4 5,720 

Furniture) 

Yams and Textile Fabrics : 

170,258 

181,610 

179,489 

4 9,231 

(1) Cotton 

908,037 

1.395,750 

2,030,009 

4 1,662,632 

(2) Wool 

994,120 

1,144,772 

1,087,304 

4 93,184 

( 8 ) Other Materials 

3,995,928 

3,781,496 

3,170,007 

- 819,921 

Apparel 

405,411 

369,208 

437,508 

4 32,097 

Chemicals, Drugs, Dyes and Colours 

Leather and Manufactures thereof (including 

1,403,287 

1,473,578 

1,300,915 

30,372 

Boots and Shoes, and Gloves) 

1,038,445 

1,489,853 

1,975,256 

4 330,811 

Earthenware and Glass 

325,684 

288,982 

184,000 

- 141,018 

Paper 

115,014 

90,858 

122,133 

4 6,519 

Miscellaneous 

3,422,235 

3,729,288 

3,840,870 

4 418,041 

Total, Class III. 

20,009,538 

21,783,989 

25,511,007 

4 5,441,529 

IV.— MISCELLANEOUS AND UNCLASSIFIED : | 

118,202 I 

133,357 

195,946 

4 77,084 

Totals, all (lasses . . | 

70,304,281 j 

77,779,913 

85,103,380 

414,859,105 


United Kingdom,” a large blue-book in two volumes, 
which giVes very full details of British trade for the 
past five yeaps. Summaries of those will be found 
in the “ Statesman's Year Book.” 

The principal articles of home produce exported, 
and the principal articles imported, in each of the 
years 1904, 1905, and 1906, are as given on the 
opposite page. 

The Carrying Trade. In addition to the 
41 Special ” trade of the country itself, there is a very 
largo* jtr&nsit trade. British ships visit every land 
of the globe. It is convenient to send articles from 
the smaller ports of Europe to America or Australia, 
or the Far East, via London or some other British 
port which has regular communication with other 
ports. The bulk of it is done through London 
(neatly 70 per cent, of free goods) and Liverpool 
(nearly $4 per cent, of free . goods). This trade is 
very valuable. The figures are given in the table 
of n^reign and colonial exports above. 

Frdm the table giving a statement of the 
trade With various countries, which is given on 
thenegt; gfajbf.it will be seen how (a) proximity, 
(6) advanced economic development, and (c) poli- 
tic®! 6ount as all-important factors in 

^ amount of our trade. The British 


trade with different countries has already been 
noted in previous articles on these countries, and 
need not be revised here. 

Tonnage at the Chief British Ports. 

r I his is another indication of the relative import- 
ance of our ports. Those ports with a total tonnage 
of over 1,000,000 tons entered and cleared in 1904 
(excluding coastwise trade) are as follow : 

Tons. Tons. 

London .. 17,019,124 Manchester .. 1,912,184 

Liverpool .. 14,300,405 Leith .. .. 1,880,422 

Cardiff .. .. 12,791,904 Middlesbro* .. 1,801,153 

Tyne Ports .. 8,511,584 Grimsby .. 1,753,048 

Hull .. 4,491,780 Swansea .. 1,078,547 

Glasgow.. 4,184,120 Harwich .. 1,650,700 

Southampton . . 3,989,069 Grangemouth . . 1,405,153 

Dover .. .. 3,505,415 Methil .. .. 1,323,132 

Newport 2,881,009 Bristol .. .. 1,205,078. 

Blyth .. .. 2,441,000 Kirkcaldy .. 1,078,429. 

Sunderland .. 2,185,993, Goole .. .. 1,009,200 

It will prove a useful conclusion to our study of 
the trade of Britain to consider the trade of the eight 
most important ports, and some others typical of 
special rogions. The figures are for 1905. 

The Trade of London Examined- The 

exports of United Kingdom produce at London 
worth over £1,000,000 a year are apparel, arms, 
chemicals, cotton goods (£7,542,000), machinerymn^. 
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miHwork, medicixiAe, copper, ivoty r painters’ colours, 
woollen goods (£5,488,000). - - f 

The exports of foreign and colonial produce from 
London worth oyer £1,000,000 a year are numerous 
*~raw coffee, raw cotton, homo, lute, undressed 
leather, tin, tea, and wool, of which the last is by 
fyr the most valuable (£7,290,000). London has 
more imports than exports, and the imports worth 
Over £1,000,000 per annum are living animals, 
butter, motor-cars and cycles, cheese, chemicals, 
raw coffee, wheat, barley, oats, maize, wine, flour, 
f raw cotton, manufactured cotton, dyes, eggs, fish, 
fruit, glassware, gums, hemp, jute, hops, leather, 
machinery and millwork, fresh and preserved beef 
nqd mutton, copper, iron and steel, lead, tin, 
petroleum, paper, flax, seeds, linseed, silk goods, 
skins, sugar, tallow, tea, wine, wood, wool, woollen 
goods. Wool (nearly £18,000,000) and tea (over 
£9,000,000) are the most important, as most Eastern 
and Australian boats come to London. 

The Trade of Liverpool. This is based 
largely on the needs of South Lancashire for a 
market for its cotton and for an inlet for raw 
cottons and food. About three-fifths are cotton 
goods; iron, steel and machinery next. Woollen 
manufactures, chemicals, hardware, and linen goods 
(from Ulster) follow. The exports of foreign and 
colonial produce are very varied. Rubber, law 
cotton and wool are the most important. 

The imports at Liverpool include much raw 
cotton ; wheat, maize and rice among cereals ; 
meat, fresh and salt; sugar, tobacco, cheese and 


— 

linpoit* 

um 

Inc. i .. .. £ 

36,002,291 

Australia 

20,968,977 

New Zealand . . 

13,391,222 

Canada . . 

25,695,898 

Newfoundland 

608,307 

South and East Africa . 

5,724,062 

Straits Settlements 

6,835,025 

Hong Kong 

380,440 

British West Indies 

1,950,458 

Ceylon . . 

4,477,950 

British Guiana . . 

553,003 

Channel Islands . . 

1,606,614 

West Africa 

2,308,042 

Malta 

41,158 

All other Possessions . 

1,231,413 

Total British Possessions 

127,868,720 
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19,470,463 

0,994,800 

13,767,079 

500,888 

18,301,382 

3,283,966 

3,841,785 

2,263,802 

1.435.279 
724,340 

1,321,448 

3,030,910 

1,193,337 

2,210,332 

122,712,920^ 

47,282,088 

23,232,663 

42,742,300 

14,516,887 

14,884,050 

14,818,923 

13,383,835 

8,069,668 

4,476,624 

4,841,774 

6.016.382 
13,298,828 

6,916,617 

9,787,306 

6,979,147 

9,796,900 

4.782.382 
3,712,532 
2,826,257 

3.012.280 
2,429,960 
2,608,228 
1.305,688 

23,167,878 


United States of America 

France 

Germany 

Holland 

Russia 

Belgium .. 

Argentine Republic 

Egypt 

Denmark 

Spain 

Sweden 

China 

Brazil 

Italy 

Turkey 

Japan 

Chile 

Norway 

Portugal 

Java 

^Wlljipine Isles .. 

Rumania! ! ! ! ! 

All other countries 


115,573,051 
53,072,900 
35 799,758 
35,481,059 
32,366,234 
27,751,288 
25,034,325 
14,976,188 
15,416,450 
13,858,631 
9,827,993 
2,340,346 
8,109,208 
3,324,595 
5,491,443 
1,860,313 
6,068,031 
5,954,870 
2,929,634 
1,890,330 
1,889,302 
1,488,604 
1,689,513 
13,737,119 


Total foreign countries . . 437,151 ,191 
Grand total .. * £ 565,019,917 


284,883,607 

407,596,527 


dairy prodaoe, **«. 

t uawroagh* ofoppw, qtttko&f Wfllfetber. 

Cardin and the Tftte Portal C&Ccoke, 
and patent fuel form most of the exports of Cardiff 
(over £9,680,000 outef £9,098,000 hi 1908k. the fan- 
ports are cereals (mainly wheat), timber, and iron ore. 

The Tyne ports are also coal ports, but here ships, 
with their machinery, iron ana steel manufactures, 
and copper, are additional exports. The imports 
are butter, wheat, timber, eggs, bacon, lead, silver, 
iron ore and copper, and refined sugar. These show 
the connection with Baltic and North Sea lands. 

Hull and Glasgow. Hull is a port of a 
manufacturing district, and attracts trade from a 
wide area. Wool, woollen yarns and goods are 
exports not quite so valuable as cotton yams and 
goods, while machinery and iron and steel manu- 
factures arc the most valuable. Oil and leather are 
also exports of home origin. Hull is a port which 
does a considerable transit trade in raw cotton, rubber, 
machinery, tools, wool, skins, fish, fruits, and seeds. 
Hull imports cereals (especially wheat and barley), 
seeds (especially cotton and linseed), sugar, timber, 
wool, dairy produce, meat, oils. Here, again, the 
needs of the neighbouring manufacturing district arc 
obviously largely supplied through its port. 

Glasgow has a very complex trade in machinery, 
iron and steel manufactures, and ships, beer and 
spirits, chemicals, coal, china and earthenware* 
cotton yarn and goods, jute yarns and goods, linen 
yarn and goods, wool and woollen goods. The lm- 

J iorts include flour, wheat, maize, and other cereals, 
ive animals, meat (especially hams), iron and iron 
ore, timber, fruit (especially oranges and apples). 

Southampton and Dover. The chief 
exports at Southampton are cotton manufactures, 
apparel, leather, woollen goods, and books; at 
Dover, woollen goods and apparel. Southampton 
has an entrepot trade m silk manufactures ( from 
France), furs, tea, wool, shells, precious stones, 
and some rubber; and the tiansit trade of Dover 
is one mainly m wool, feathers, and furs. 

The imports of the two differ somewhat. South- 
ampton’s imports of live animals, cacao and coffee, 
feathers, fresh beef and bacon, silk manufactures, 
skins, vegetables, wool and woollen manufactures, 
show its connection with tropical America, France, 
and South Africa. Dover’s imports — woollens, silk, 
and cottons, watches, wine, apparel, and embroidery 
— all tell of its nearness to Continental Europe. 

Leith, Bristol, and the Irish Ports. 
Leith represents, to a certain extent, the trade of 
Eastern Scotland, though ports like Methil export 
much more coal. Machinery and iron and steel 
work are the chief exports ; linen and cotton goods, 
some woollen goods, coal, fish, and oil are others on 
the list. The imports of Leith are more valuable, 
and include dairy produce, sugar, wheat, barley, 
flour, flax, glass, Jinen yam, manures, iron and steel, 
paper, and timber (from Baltic and North Seaports). 

Bristol exports iron and steel manufactures from 
the Midlands. Like Leith, its imports are worth 
more than its exports, and are wheat, m$foe, sugar, 
dairy produce, fruit, meat, metals. 

The Xz ish ports export little abroad. Belfast sends 
machinery, ships, and linen yam, and Dublin a 
little wool. The imports are considerable, Belfast 
taking raw cotton, flax, maize, flouy and wheat, 
linen yam, petroleum, sugar, tobacco, and 
timber. Dublin imports wheat, flour K >and v maize, 
timber, petroleum, and sugar. Cor! Afd Mwenck 
import wheat, maize, ana sugar.. Mpsa go#» to 
Derry, Sligo, and Waterford* v , \ 


Commercial Geography concluded; foUovxd bjf y. 
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Russia— The Oil-wells of Baku. The 

petroleum industry of Baku is probably of as great 
antiquity as that of Japan, to be described presently. 
It is mentioned by many ancient and medieval 
writers, the discharge of oil-gas in the ancient fire- 
temple of the Guebers at Surakhani having been the 
object of perennial pilgrimages from all parts of the 
East, The Apscheron peninsula, from the natural 
springs in a few square miles of which the Orient 
world was long supplied with petroleum, was Persian 
territory prior to 1723, and is mentioned, under 
various names, as part of that country by the earlier 
writers. By degrees other natural outflows were 
noticed in various parts of the Caucasus, but 
there was no systematic production from wells till 
1806, when a monopoly of the trade was granted 
to a merchant of the name of Mirzoeff. It was not, 
however, till the abolition of this monopoly, in 
1872, that extensive and rapid development set 
in. As no other field has yielded such enormous 
volumes of oil, or afforded such magnificent, displays, 
either of oil-fountains or of wells on fire, the follow- 
ing account, is quoted from Marvin of the Droojba 
fountain, which in 1883 discharged 1,600,000 to 
2,000,000 gallons daily, llowing for nearly four 
months before the engineers succeeded in capping 
it (closing the lining pipe) : 

" The fountain was a splendid spectacle — it. was 
the largest ever known in Baku. When the first 
outburst took place, the oil knocked off the roof 
and part of the sides of the derrick : but there was 
a beam left at the top, against which the oil burst 
with a roar in its upward course, anti which served 
in a measure to cheek its velocity. The derrick itself 
was 70 ft. high, and the oil and the sand, after burst- 
ing through the roof and sides, flowed fully three 
times higher, forming a greyish-black fountain, 
the column clearly defined on the southern side, 
but merging in a cloud of spray 30 yd. broad on 
the other. A strong southerly wind enabled us 
to approach within a few yards of the crater on 
the former side, and to look down into the sandy 
basin formed round about the bottom of the 
derrick, where the oil was bubbling round the 
stalk of the oil-shoot like a geyser. The diameter 
of the tube up which the oil was rushing was 10 in. 
Or. issuing from this, the fountain formed a clearly 
defined stem about 18 in. thick, and shot up to 
the top of the derrick, where, in striking against 
the beam, which was already worn half through 
by the friction, it got broadened out a little. 
Thence continuing its course, more than 200 ft. 
high, it curled over and fell in a dense cloud to the 
ground on the north side, forming a sandbank, 
over which the olive-coloured oil ran in innumerable 
channels towards the lakes of petroleum that had 
been forfhod on the surrounding estates. Now and 
again the sand flowing up with the oil would 
obstruct the pipe, or a stone would clog the course ; 
then the column would sink for a few seconds 
lower than 200 ft., to rise directly afterwards with 
a burst and a roar to 300.” 

A River of Oil. “ Some idea of the mass of 
matter thrown up from the well could bo formed 
(this account continues) by a glance at the damage 
done on the south side in twenty-four hours, a vast 
shoal of sand having been formed which had buried 
to tho roof some magazines and shops, and had 
blocked to the height of 6 or 7 ft. all the neigh- 
bouring derricks within a distance of 50 yd. 
Some of the sand and oil had been carried by the 
wind nearly 100 yd. from the fountain. . . . 

Standing on the top of the sand-shoal, we could 
see L wherv the oil, after flowing through a score of 
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channels from the ooze, formed in the distance, 
on lower ground, a whole series of oil lakes, some 
broad enough and deep enough to float a boat in. 
Beyond this the oil could be seen flowing away in 
a broad channel towards the sea.” 

Far larger spouters, less graphically described, 
were subsequently produced, one in 1803 exceeding 
48,000,000 gallons daily. Fairly rich fields extend 
through the Daghestan, Terek, and Kuban terri- 
tories on the north flank of the Caucasus, and the 
province, of Tiflis on the south, the Grozni district 
(Terek) being especially rich. The Taman and 
Jvertch peninsulas, between the Sea of Azoff and 
the Black Sea, .constitute the western end of this 
prolific belt, which on the further side of the Caspian 
Sea reaches far into Turkestan. The age of the 
productive rocks ranges from Oligoceno to Miocene 
in the European portion of the chain, whilst in the 
Uralsk and Ferghana regions the Cretaceous series 
is also contributory. 

Austria and Rumania. In these countries 
a practically continuous oil-field extends along the 
outer flanks of the Carpathian Mountains ana the 
Transylvanian Alps, affording rich yields in Galicia 
and Rumania, while there are indications, as yet 
but little developed, on the inner Hungarian side 
of this long curve. The minor divisions of the 
Galician area have undergone many changes in 
relative commercial importance, the Slohoda- 
Rungurska, Krosno, Gorliee, and Schodnica districts 
having been at different times the leading centres 
of production, now quite eclipsed by that of Borys- 
law. The latter was long noted for its rich mines 
of ozokerit, with little suspicion of the wealth of 
petroleum that lay at greater depth. The ozokerit 
occurs in marls of Miocene age, which it traverses 
as plastic veins. The oil is found in the subjacent 
Oligoceno. conglomerate, to which wells of great 
depth have been carried. The Eocene sandstones 
largely contributed to the earlier production of oil 
in Galicia, and the Neoconi inn scries has also been 
found fairly petroliferous in the western districts. 
Tn Moldavian Rumania the Eocene is again the 
productive series, while in the Wallnchian fields 
the Miocene and Pliocene groups afford copious 
supplies, widely developed. 

Germany and Italy. The chief oil-fiekls of 
Germany are in Hanover and Elsass. In the latter 
province oil has been raised for some 400 years past, 
from the wells of Pechelbronn, Ohlungen, and inter- 
mediate points, the Dower Oligoceno marls being 
the source. The principal production of Hanover 
centres around Oelheim and Steinfdrde, various 
secondary rocks, chiefly Triassic and Neocoinian. 
being the source of supply. The wide plains of 
the Lunehurger Heide, covered over by more 
recent deposits, are believed to conceal valuable 
stores of petroleum in the deep-seated members 
of the older rock-series. The chalk of Holle, in 
Holstein, is reported to be charged with petroleum, 

Oil was raised and used by the Romans from 
wells at Agrigentum (now Girgenti), in Sicily, 
more than 2,000 years ago. That of Miano, Parma, 
is mentioned a.d 1400. At present the Italian 
industry is confined to production for local use, 
and is limited to the Emilian provinces (Piacenza, 
Parma, Modena, and Bologna), the Abruzzi (Toeco 
and Manopello), and Campania (San Giovanni 
Incarico). The sources are of Tertiary age, mostly 
Eocene, but newer in some cases. 

Northern Africa and Western Asia. 
In Algeria, 'the oil-fields of the province of Oran occur 
in Miocene rocks on both sides of the Cheliff valley 
between Orleansville and Mostaganem. Approxi- 
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mately, the same age may be assigned to the deposits 
on the Egyptian shore of the Red Sea, at the mouth 
of the Gulf of Suez, the Arabic name of the hill, 
Jebel Zeit, and the Roman name, Mons Petrolius, 
both connoting the occurrence of mineral oil. In 
Syria, the oil and asphalt of the Dead Sea were 
known long before the petty “ kings ” of the Vale 
of Siddim met their fate in the “ slime-pits ” there 
(Gen. xiv., 10), and supplied the bitumen for 
embalming the countless mummies, human and 
other, of Egypt, mum being the Coptic for bitumen. 
In Mesopotamia, the oil-springs of Hit, on the 
Euphrates, furnished the “ slime ” cementing the 
bricks of the Tower of Babel and other vast erec- 
tions of antiquity, the ruins of which still provide 
pitch for the gophers (wicker boats payed with 
asphalt) on the Euphrates and Tigris. In Persia, a 
great extent of oil-hearing territory is yet awaiting 
development, from the Turkish frontier above 
Bagdad, to Bunder Abbas on the Persian Gulf. 

Assam and Burma. Profitable operations 
arc in progress at. but one point in the long belt of 
country constituting the foothills on the southern 
side of the Brahmaputra valley, at many points of 
which occur evidences of petroleum. The Held in 
work is at Dighoi, a few miles north of the present 
term inns of the Makum branch of tin* Assam railway 
system. The productive series is a division of the 
Miocene, hut some petroleum has been found in 
tiie Eocene also. 

The oil industry of Burma dates from more than a 
century back, having been in vigorous development 
in 17HO. The chief source then, as now, was the 
Yenangyaung district, some 275 miles northward of 
Rangoon. Parts of this, and of the Yenangyat field. 
50 miles further north, arc crowded with oil-pits 
sunk by the natives to depths ranging to more than 
300 ft., whence the oil is raised by bailing. Within 
recent years. Western drilling methods have hern 
introduced, and far greater depths attained, result- 
ing in many excellent producers, while fresh areas, 
within which oil is accessible by the drill, though 
hot by the spade, have been brought, to notice by 
special exploration for their discovery. Traces of 
petroleum occur in the Eocene rocks, but the Lower 
Miocene alone yields a supply of commercial value, 
and this division is exposed at frequent intervals 
over an area, of many hundred square miles. In 
Oheduba, Kamri, the Baranga, and other islands off 
the Arakan coast, intermittent, attempts have been 
made, with poor success, to collect, the oil there 
ejected by numerous mini-volcanoes from the 
uptilted and shattered rocks, also of Tertiary age. 

The Eastern Archipelago and Japan. 
In the islands of Sumatra, Java, and Borneo, 
petroleum is raised at many points, from beds of 
presumably the same Upper Tertiary age as those of 
Assam and Burma. On the north-eastern const of 
Sumatra, the Langkat fields range to Edi, in the 
Atchin province, and a large area in Palemhang 
extends up the Musi to 100 miles westward, and 
80 miles southward of the capital. With the further 
opening up of the east coast, it is probable that 
other fields will be found in the intervening regions. 
In Java, a long stretch of country from Samargan 
to Surabaya, and Madura ha# been found productive, 
and the traces detected in many other provinces may 
eventually extend the industry over a large part of 
the island. In Borneo, again, a belt, of petroliferous 
land appears to occupy "the northern coast from 
Sarawak to beyond Labuan^ and rich fields are in 
work on the eastern coast In Tidung and Kutei 
provinces. The traces of oil alleged to occur on 
Celebes, Ceram, and New Guinea, may be mentioned 


aa indicative of the existence of the same productive 
series at those points, but in problematical extent 
The Philippine islands are reported as petroliferous 
at many points, and in the Portuguese division of 
T iinor petroleum has been found on its southern coast 

Petroleum occurs in Japan throughout the 
northern island of Hokkaido or Yezo, and large fields 
have been worked for many centuries in Nippon, 
especially on the western coast. The oil-tielels of 
the north-east coast of Sakhalin, not hitherto 
brought into use, are beyond the Japanese frontier 
in that- island. 

South America. As was mentioned above in 
connection with the West Indian islands, rich 
asphalt deposits, with probably stores of unaltered 
petroleum beneath them, protected from escape or 
evaporation by the impervious cover of asphalt, 
occupy large areas in Venezuela and Colombia, but 
no extensive industry has yet arisen in the latter 
country. The north-western coast of Peru, from 
the border of Ecuador down fo Point Agnja, a dis- 
tance of about 180 miles, constitutes an oil-field 
of great promise. As in the smaller field of Santa 
Elena, in Ecuador, the productive series is of Lower 
Miocene age, rising in ant iclinal flexures through the 
general covering of Upper Miocene and Pliocene 
beds. 'Pile inland margin is defined by the spurs of 
the Andes, consisting of various older rocks. Jn the 
Argentine provinces of Salta and Jiijuv, and the 
adjacent regions of Bolivia, the Neoeomian rocks 
are charged with petroleum over wide areas. The 
cm pin* of Brazil seems to possess no petroleum 
deposits, but shales from which a fair yield of oil 
can he extracted by distillation. 

Oil Shales. Besides the reservoirs of petroleum 
and sheets of asphalt distributed, ns wo have seen, 
over every part of the world, and in rocks of nearly 
every geological period, there are deposits of shale 
and Jignitic coal which, while not containing any 
ready-formed oil, afford by distillation a fair yield of 
various hydrocarbons akin to or identical with the 
natural petroleums. A wide area, of such shales 
occurs in the Lothians of Scotland, westward of 
Edinburgh, in the lower part of the Carboniferous 
series, and the coast of Dorsetshire possesses a belt 
of oil shale of Upper Jurassic age. In France, the 
upper part of the Carboniferous series has valuable 
deposits of shale at Autun and Buxiere, and in 
Southern Spain the Lower Jurassic shales are 
practically tin worked. In Prussian Saxony, between 
Halle, Ijeipzic, and Zoitz-on-Elster. is a large area 
of Oligoecne beds with oil-lignites and shales, exten- 
sively worked for paraffin and lubricating oils. In 
Servia, the Lower Miocene oil shales occupy import- 
ant areas near Alexinatz, and in the Kolubara 
valley. In South Africa, *f he Portuguese territory 
north of Delagoa Bay is reported to possess a coast 
belt of Cretaceous shales of considerable width and 
good yield. In New South Wales, the Carboniferous 
series affords valuable, oil shales, mined over a wide 
area. In New Zealand, oil shales of Tertiary age 
occur in Auckland and Otago. Lastly, along the 
coast, of Brazil from the mouth of Cie Amazon, for 
more than 1,200 miles to the, south, deposits of oil 
shale of Eocene age occur in recesses between the 
spurs of the ancient crystalline rocks. 

Physical Properties of Crude Petro- 
leum. The unusual character of petroleum was the 
subject of much speculative comment by early 
writers on philosophical subjects. Thus Francis 
Bacon in 1027 described “ the original concretion 
of bitumen ” as a mixture of fiery and watery 
substance, and stated that “ flame attracts the bitu- 
men of Babylon afar off.” Numerous references to 
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the inflammable nature of petroleum were also made 
by the ancient historians. In his Life of Alexander, 
Plutarch describes how, in the district of Kcbatana 
(Kerkuk) Alexander was particularly struck with 
“ a gulf of tiro, which streamed continuously, as 
from an inexhaustible source. He admired also a 
flood of naphtha not far from the gulf, which flowed 
in such abundance that it formed a lake. The 
naphtha in many respects resembles the bitumen, 
but it is much more inflammable. Before any lire 
reaches it, it catches light from a flame at some 
distance, and often kindles all the intermediate air. 
The barbarians, in order to show the king its force 
and the subtilty of its nature, scattered some drops 
of it in the street which led to his lodgings, and 
standing at one end, they applied their torches to 
some of the first drops, for it was night. The flame 
communicated itself quicker than thought, and the 
street was instantaneously all on lire. 

Hatchett, writing in 1798, divided bituminous 
substances into naphtha, petroleum, mineral tar, 
mineral pitch, nsphaltum, jet, pit coal, bituminous 
wood, turf and peat, and stated that when naphtha , 
the light, thin, often colourless oil, lost its lighter 
parts by exposure to the air, it yielded petroleum, 
which on further exposure gave mountain or 
mineral tar. Continued exposure, he added, pro- 
duced mountain or mineral pitch , which in cold 
weather became brittle, but was soft and somewhat 
tenacious when warm, and by further induration 
asphaltnm was produced. 

Crude petroleum varies greatly in appearance, 
some descriptions being of pale colour and highly 
mobile, while others are viscid and almost black. 
The prevailing colour of the more flu ul kinds 
of crude petroleum is chestnut brown, when 
viewed so that the light passes through the oil, 
but when the light, is reflected from the surface of 
the oil the colour appears to he olive green. An 
important indication of the character of a crude 
petroleum is afforded by its .specific (j rarity, which is 
the ratio of the weight of a given hulk to that of an 
equal volume of water at flO’ P. 

Specific Gravity. The specific, gravity 
of crude petroleum ranges from a little under 
0*775 to a little over 1*0: therefore, the, lightest 
crude petroleum is about three-fourths the weight 
of water, and the heavied about the same weight 
as water, hut as it is exceptional to iind crude 
petroleum approximating in spociiic gravity to the 
higher limit, the general experience is that it freely 
floats on water. When the area of a sheet of water 
on to which petroleum is flowing is sufficiently largo 
in relation to the quantity of oil, the petroleum 
immediately spreads out into an exceedingly thin 
film which, on account of its tenuity, is iridescent, 
or in other words, exhibits the colours of the rain- 
bow, just as a soap-bubble does. This characteristic 
film has often led to the discovery of a valuable 
source of petroleum. Most descriptions of crude 
petroleum employed as a source of the usual com- 
mercial products have specific gravities between 0*8 
and 0'!), but even within these narrower limits the 
specific gravity is a valuable guide to the nature of 
the oil. As a rule, the lighter the oil the larger 
the proportion of kerosene or burning oil obtainable 
from it, and if the specific gravity exceeds 0 9, the 
petroleum will usually he found best suited for use 
as a fuel, or, in some instances, for the manufacture 
of lubricating oils. The flash point of the oil, or the 
temperature at which it gives off inflammable 
vapour when tested in a prescribed manner (to be 
hereafter described), also affords an indication of 
the character of the oil. Most crude oils freely 
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evolve inflammable vapour at ordinary tempera- 
tures, but if the oil requires to be heated consider- 
ably in order to cause the rapid evolution of vapour, 
it may be safely assumed that it is of little value as 
a source* of kerosene, still less of the more volatile 
petroleum spirit used in motor vehicles. The odour 
of the oil is also a feature to be noted, for petroleum 
containing the objectionable impurity sulphur 
usually has an offensive odour, the normal odour of 
petroleum of high quality being not unpleasant. 
The temperature at which crude ]>etroleum, which 
is quite fluid when warm, becomes solid on cooling, 
affords an indication of the proportion of solid con- 
stituents present, which can he separated in the 
process of refining as paraffin wax, for candle- 
making. Thus, the crude petroleum of Burma, 
which yields a large percentage of this valuable 
commercial product, is solid at common tempera- 
tures, but becomes quite fluid on being warmed. 

Chemical Properties of Crude Petro» 
leum. To Hatchett, who lias been already re- 
ferred to, belongs the credit of having been among 
the first to form a clear conception of the chemical 
composition of petroleum, for he stated, quite 
correctly, as early as 1798 that “ the elementary 
principles of bitumen are carbon, hydrogen, some- 
times azote (nitrogen), and probably some oxgyen.” 
The carbon appears to range between 79*5 and 887 
per cent., and the hydrogen between 9’(> and 14’8 
per cent. The proportion of nitrogen rarely 
approaches | per cent., and is usually very much 
lower than this. Oxygen also occurs only in small 
quantities, usually in the form of an acid. Some 
oils contain as much as 2 per cent, of sulphur, an 
impurity which frequently necessitates the adoption 
of a special refining process for its elimination. The 
carbon and hydrogen, of which all descriptions of 
crude petroleum are principally composed, occur in 
the form of liquid or solid chemical compounds 
termed hydrocarbons. Of these com pounds, a large 
number have been isolated for examination, and it 
has been found that they constitute well-defined 
groups. Thus, the crude petroleum of the United 
States consists chiefly of a regular series of the 
compounds known as paraffins , each containing 
twice as many atoms of hydrogen as of carbon, and 
two atoms of hydrogen in addition, while that of 
Russia consists principally of the compounds termed 
naphthenes , in which there are twice as many atoms 
of hydrogen as of carbon. Thus, among the hydro- 
carbons separated from American petroleum we 
have at one end of the series U r> H, C (l H 14 , C-II, (; , 
etc., and at the other end C. 2 -H-o, C l2r H 5( ,, C ; , 0 H <5i! ; 
while the hydrocarbons separated from Russian 
petroleum include C„H I2 , C 7 H, 4 , C s H 1( i, etc., up 
to U| ft H. u> . These hydrocarbons exhibit regular 
progression in the boiling point , those with least 
carbon being the most readily volatilised, and those 
with most carbon having the highest boiling points. 
This character enables the petroleum refiner to 
classify the hydrocarbons present by the process 
known as fractional distillation, so as to obtain the 
desired commercial products. 

The Production of Crude Petroleum. 
The operation of obtaining potroleum by the 
drilling of wells, which is technically termed 
‘ f production,” has been systematically conducted 
only during tho past half century ; but the collec- 
tion of the oil by the primitive process of skimming 
it from the surface of stagnant water, or bailing it 
from shallow excavations, was practisod for ages 
previously, the oil being used as a lubricant for 
cart axles, as a preservative of woodwork, especially 
of boats, and to a smaller extent as a medicinal 



agent. Before tho drilling of wells wns begun, 
there was an intermediate stage, during which 
petroleum wells were dug in the same fashion as a 
water well, and were commonly lined witl^wood. 
In some countries, and notably in Burma and 
Rumania, the sinking of such wells was carried out 
with great ability and success, remarkable depths 
being reached, notwithstanding the difficulty and 
danger of the work, arising from the presence of 
suffocating vapour. 

The Earliest Uses of Petroleum. 

The earliest detailed description of the collection 
of petroleum is that given by Herodotus, who 
describes operations which were carried on at tho 
pits of Kir ah nr Susiana (Kirab, 57 miles north- 
west of Shuster, in Persia). 

Marco Polo, writing at the end of the thirteenth 
century, says of the petroleum of Baku, on t tic; 
Caspian Sea : “ On the confines towards GVorgine 
there is a fountain from which oil springs in great 
abundance, inasmuch as a hundred shiploads might 
be taken from it at one time. 'Phis oil is not good 
to use with food, hut is good to burn, and is also used 
to anoint camels that have the mange. People 
come from vast distances to fetch it, for in all 
countries round there is no other oil." 

Petroleum in England. There are many 
historical references to the occurrence of petroleum 
in England. An interesting ease of the sudden 
influx of petroleum into a water well at Ashwick 
Court, near Shepton Mallet, in Somersetshire, in 
the year 181)2, was investigated at the time by 
the late Mr. Topley and the author. The well in 
question, which was the sole source of the water 
supply of the house, yielded for some hours after 
the occurrence of an earthquake shock a considerable 
quantity — stated to amount to several barrels of 
petroleum. On the other hand, several reported 
discoveries of petroleum have undoubtedly been 
explicable on the assumption that the oil had 
leaked from neighbouring petroleum stores. In the 
United Kingdom in recent years small quantities of 
petroleum have been obtained in North Stafford- 
shire and Yorkshire, and during 1905 there, was a 
production of 40 tons in Dumbartonshire. 

Modern Drilling Plant. The modern 
appliances most largely used consist of a percussion 
drill, driven by steam power, by means of which 
the rock is broken up and mixed with water to the 
consistency of mud, tho detritus being removed from 
the borehole from time to time by the use. of a long 
iron cylinder having a valve at the lower end. To 
a comparatively small extent a system of percussion 
drilling is also employed in which a stream of water 
under high pressure is driven through hollow drilling 
rods ami issues from orifices in the cutting instru- 
ment or bit, the detritus being thus continuously 
washed out of the borehole. Within the last few 
years a rotary drill with a circular cutting edge has 
been largely employed in the oil-fields of Texas and 
Louisiana, and is now being tentatively introduced 
elsewhere. 

Cable System* There are several forms of 
percussion drill, chiefly differing in details, but 
there are only two to which it is necessary to direct 
special attention, as it is with these that, the greater 
part of the work of drilling for petroleum has been, 
and is being, done. These are the American or cable 
system, in which the drilling tools arc suspended by a 
manilla cable, and the Canadian, or rod system, with 
the modification used in Russia, in which the tools 
are attached to a string of jointed rods of wood or 
iron. The general' appliances are substantially 
similar in these two systems, and it will therefore 
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suffice to give a detailed descriptor n of the American 
or cable tools and machinery. 

Oil-well Rig. The illustration shows a, simple 
form of the standard rig employed in American oil- 
fields. The derrick is a strong timber structure, usually 
at least 70 ft. in height, and 20 ft. square at the base, 
resting on wooden sills and fixed by means of keys, 
so that it may be readily taken down and set up on a 
now site. To the band- wheel, which is fixed on the 
foundations a short distance from the derrick, 
motion is communicated by means of a belt, from 
a horizontal steam engine of 12 to 15 horse- power, 
fitted with reversing gear. While drilling is in pro- 
gress, this hand-wheel imparts motion to the walk- 
ing beam, one end of which is immediately above it, 
through the medium of the crank and the wooden 
connecting-rod, or pitman, the length of stroke being 
adjustable as shown in the illustration. At the 
opposite side of the derrick is a strong windlass, 
termed the bnU-irhrrl, which is driven from the 
hand wheel, when required to he used, by means of 
an endless rope. The bull-wheel is provided with a 
powerful brake. A smaller windlass, called the sand* 
pinup reel, is placed so that it can bo driven off 
the band-wheel by a friction-pulley, actuated by a 
lever pivoted to the derrick floor. The throttle-valve 
of the engine is opened or closed by means of 
an endless cord passing into the derrick, the motive 
power being thus under the control of the driller. 
The drilling tonly are attached to an utitarred 
manilla cable, 2 in. in diameter, which is roiled round 
the bull-wheel shaft and passes thence over a 
pulley at the top of the derriek, hut when drilling 
is in progress they arc suspended from the end of tho 
walking-beam over tho mouth of the well, and thus 
have the necessary vertical motion imparted to 
them. The string of drilling tools consists of two 
parts separated by the jars, the lower one giving 
the downward blow, and the upper imparting 
an upward stroke, which serves to loosen the bit 
if it has become jammed in the rock. The lower 
portion consists of the hit, the auger-stem, and the 
lower half of the jars, while the upper portion con- 
sists of the upper half of the jars, the sinker-bar, 
and the rope-socket with temper-screw. The 
bit is a steel-faced chisel shaped implement, about 
4 in. in thickness and of a width corresponding with 
the desired diameter of the borehole. The auger- 
stem is a solid rod, about 4 in. in thickness, and 
about. 32 ft. in length. The jars may be described 
as resembling two long flattened links of a chain. 
The sinker-bar is another solid rod about 12 ft. in 
length. The rope-socket is an arrangement for 
grasping the cable, and the temper-screw is a device 
for gradually lowering the string of tools as tho 
drilling progresses. The various component parts 
of the string of tools are connected by male, and 
female screw's, the collars being squared for the 
application of wrenches. 

Drilling the Well. fn beginning a well, 
an ordinary shaft about 8 ft. or 10 ft. square is dug 
to a depth of 10 ft. or 15 ft., and a strong iron pipe 
furnished with a sharp steel shoe is driven down to a 
depth of 200 ft. or 300 ft., or until hard rock is 
encountered. The drilling tools suspended to the 
walking beam are. then set to work, and the rock 
is broken up by the successive blows of the bit. 
From time to time the walking beam is disconnected, 
the bull-wheel set in motion, the tools drawn up into 
the derrick, and the detritus removed from the bore- 
hole by means of the sand-pump. This is n long 
iron cylinder, with a valve at the kwer end, opening 
inwards, ft is suspended from a cord passing over 
a small pulley at the top of the derrick to the 
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sand-pump reel. On being lowered to the bottom of 
the well, the valve opens, and the cylinder fills with 
the detritus, which has been brought to the con- 
sistency of mud by means of water poured into the 
well as the drilling proceeds. On being raised by 
bringing the friction- pulley into contact with the 
band-wheel, the vnlve closes, and the contents of 
the cylinder are removed. While the tools are in the 
derrick opportunity is taken to sharpen the bit 
if it has become blunted. 

Casing the Well. In some formations the 
drilling cannot be carried far without lining the 
well with iron casing to support the walls, and when 
a water-bearing stratum is perforated it is the 
practice to exclude the water by making a seating 
for this casing on a lower-lying impervious stratum, 
and continuing the drilling with a smaller bit and 
with the use of easing of less diameter, each string 
of easing extending to the surface. Apart from the 
necessity which may thus arise for reducing the 
diameter, it is usually found that when a considerable 
depth has been reached the easing becomes so 
tirmly held by the walls of the well that it cannot 
be forced down any further, and a. smaller string 
has then to be inserted, with the result that wells of 
a depth of, say, 2,000 ft., or from 2,000 ft. to 3,000 ft. 
may contain, when completed, many strings of 
casing. 

Canadian System. The original Canadian, or 
rod, system differs from the system already described 
in the following particulars : 

1. The substitution of wooden boring rods for 
the cable. 

2. The use of an auger in place of the spudding 
bit in beginning the well. 

3. The adoption of a somewhat different arrange- 
ment for transmitting motion. 

4. The employment of a lighter set of drilling 
tools. 

Russian System. In Russia (Raku oil-fields) 
the wells are of large diameter (sometimes as much 
as 30 in. at the lop) in order to reduce the risk of 
choking, through masses of rock being driven into 
the bottom of the borehole by gas pressure, and 
to admit of the use of bailers of large size in raising 
the oil, the presence of sand preventing the em- 
ployment of ordinary pumps. The drilling of wells 
of this large diameter is a comparatively slow 
and costly operation, necessitating the adoption of 
heavy tools and strong appliances generally. The 
system of drilling may be described as a modifica- 
tion of the Canadian system in which iron rods are 
substituted for the wooden rods. Owing to their 
large diameter the Russian wells are chiefly lined 
with riveted iron-plate easing instead of with 
the screwed artesian easing used in America. 

Galician System. When the Canadian system 
was introduced into Galicia it was found that con- 
siderable increase in the size and weight of the 
tools was rendered necessary by the greater hardness 
of some of the strata and the depth of the wells, 
but in principle the system remained substantially 
the same until recently. Now, however, it lias be- 
come customary to employ a combination of the 
rod or pole system with the cable system, owing 
chiefly to further increase in the depth of the 
wells, which renders the time lost in disconnecting 
and re-connecting the screw-jointed poles a serious 
drawback, but in making this change a wire rope 
has been adopted in place of the manilla cable used 
in America. In addition to the ordinary drilling 
tools, an expanding reamer is largely used in Galicia. 
This device is provided with two pivoted wings or 
dogs, lotted outwards by powerful springs, and by 
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means of it the size of the borehole can be increased 
at the bottom so as to admit of the casing descending 
freely. 

Fishing Tools. In addition to the drilling 
tools ebn ployed in the various percussion drilling 
systems, a large number of “ fishing ” tools, many 
of which arc of ingenious construction, arc needed 
to deal with various mishaps which occur. A 
fracture of the drilling tools or cable or rods is not 
infrequent, or somo portion of the string of tools 
may becomo detached, and in the absence of 
suitable appliances the well might have to bo 
abandoned. Ry means of the fishing tools the 
broken end of a cable or rod can be grasped, or a 
hole drilled in a fractured tool lying at the bottom 
of the borehole and tapped to receive a screw so 
as to admit of its being raised. 

Rotary System. The rotary system of 
drilling, already alluded to ns being in use on the 
coastal plain of Texas and elsewhere, is based upon 
that of Fa u voile, which was invented in 1842. 
1 1 is admittedly one of the most rapid and economical 
systems which ean he adopted in formations to 
which it is suited, hut where very hard rock is 
encountered it is almost useless. It consists 
essentially in the employment of hollow drilling 
rods or easing terminating in a drilling hit, or 
annular cutter, through which a continuous stream 
of water is pumped under a pressure ranging from 
40 II). to 100 lb. per square inch. The derrick is 
similar to that which has been described, but it is 
provided with a revolving table and gearing for 
rotating it by steam power, by means of which the 
rotation of the easing and bit is effected. The 
drilling tools arc supported by a cable which passes 
from a swivel attached to them through a block 
and fall, and over a, pulley at the top of the derrick 
to the hoisting drum. A flexible hose-connection 
is made from the swivel to the water pumps, of 
which there are two, in order to insure a continuous 
supply of water. The bits commonly employed 
arc the fish-tail, the core-barrel, and the adaman- 
tine or shot-drill. The fish-tail bit is used for 
drilling in soft strata, such as sand and clay; the 
core- barrel bit in harder material, such as very 
compact clay, indurated sand, etc. Tn hard rock 
these two hits are ineffective, the progress made 
with them being very slow— in some eases only a 
few inches per day. Under these conditions the ada- 
mantine or shot-drill is used, the abrasion of the 
rook being etfected by steel shot, which are caused 
to revolve by the action of the bit. The detritus 
is carried continuously to the surface by the current 
of water passing downwards through the hollow 
rods or casing and ascending in the annular space 
outside, and there is thus no need for the periodical 
clearing-out of the borehole by means of a sand- 
pump, as in the ordinary percussion drilling system. 
If a porous stratum is met with the water is liable 
to ])erc.olate into the rock, and to prevent this the 
water which is being pumped in is mixed with 
fine clay or mud, the porous bed being thus cemented 
up. In the Texas fields wells have thus l>ecn 
drilled in a couple of months, or even less, to a depth 
of 1,000 ft. to 1,200 ft. As the wells in these fields 
have usually flowed on completion, it has been 
usual to fit a gate-valve to the top of the casing 
before drilling into the oil-bearing formation, so 
that the flow of oil may be controlled. 

Depth and Cost of Wells. In Penn- 
sylvania the wells range in depth from 300 ft. to 
3,700 ft. Those of average depth cost about 
£3,000, but the deeper ones may cost as much as 
$7,000. In Indiana the depth of the wells ranges 
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from 000 ft. to 1,650 ft., and the coat from $1,200 
to $1,500. The average coat of the Texas wells 
is about $2,000. The dee peat well in the United 
States is said to be one drilled for water in Connec- 
ticut, which reached a depth of 0,004 ft. with a 
diameter of 6 in. The second deepest was one in 
Pennsylvania, with a depth of 5,575 ft. 

Torpedoing Wells. In some of the oil- 
fields of the United States it is customary to explode 
a charge of nitroglycerine at the bottom of the well 
in order to fracture the adjacent rock and thus 
facilitate the inflow of oil, as much as 100 or even 
sometimes 200 quarts of the explosive being em- 
ployed in the deeper wells. The nitroglycerine is 
carefully lowered into the well in a scries of tin 
canisters from 3J in. to 5 in. in diameter and 10 ft. 
in length, the charge being exploded by means of a 
“go-devil squib” holding about a quart of nitro- 
glycerine and furnished with a percussion or time 
'use. 

Flowing Wells. Tn some localities a large 
proportion of the wells flow on completion, and not 
infrequently the stream of oil gushes from the 
borehole with almost uncontrollable violence, 
creating a spoil ter or fountain which may rise in 
the air to a height of 200 ft. or 300 ft. This is 
notably the ease in the Baku oil-fields, where the 
pressure exerted by the oil is said to have 
occasionally amounted to as much as 300 lb. per 
square inch. If the well spouts to a great height, 
the oil-spray is liable to be carried by the wind to 
a considerable distance and ignition may occur 
at some boiler-fire, with the result of communicating 
flame to the well. A block of cast iron, about. 
4 ft. square and 6 in. to 8 in. in thickness is, there- 
fore, placed in the derrick at a height of about 
25 ft. above the mouth of the well, and the oil 
playing against this is confined to the immediate 
neighbourhood of the well. As soon as possible 
the oil is led into an excavation in the ground near 
the derrick, but although such a. reservoir holds 
from 4,000 tons to 6.000 tons, it is quickly tilled 
with oil and sand if the fountain is a strong one, 
and the derrick may even Iks buried in a sandhill 
in a short time. Tn such cases great loss of oil is 
unavoidable. The life of a fountain is very un- 
certain. The violent outburst often lasts only for 
a few days or weeks, but the fountain may continue 
to play for more than a year. When the Baku 
wells do not flow the oil is raised by means of 
bailers, which are long cylinders, similar to the 
sand-pump already described, with a valve at the 
bottom, for ordinary pumps cannot be used, owing 
to the large quantity of sand contained in the oil. 
Compressed air is also to some extent used to force 
the oil to the surface. From the earthen reservoirs 
the oil is pumped into cylindrical steel storage tanks 
after the sand has settled out of it, and is thence 
conveyed by pipe-lines to the refineries. 

Yield of Wells In the United States. 

Although in some of the oil-fields of the United 
States flowing wells yielding very largely arc ob- 
tained, the average initial daily production of the 
whole of the productive oil -wells drilled in 1603 in 
the Appalachian oil-field (embracing the producing 
region in New York, Pennsylvania, West Virgmi i, 
Kentucky, Tennessee, and the south-eastern portion 
of Ohio) was 11 *8 barrels per well. The term initial 
daily production signifies the quantity that any 
new well will produce during the first day after it 
has been complete!. 


Transport of Crude Petroleum. Tn 

the days of King Theebaw the produce of tho wells 
in Upper Burma was carried in earthenware vessels, 
and in that country the construction of a pipe- 
line to Rangoon is only now (1907) on the eve of 
being begun. For many years past, however, 
the oil lias been brought down the river in bulk- 
barges, termed hats, by the Irrawadi Flotilla 
Company. Tn Russia, until 1875, the crude oil 
was carried in barrels on Persian carts, known as 
“ arbas,” with huge wheels, 8.J ft. to 9 ft. in diameter, 
one barrel being placed in tho body of the vehicle, , 
and a second slung beneath the axle. In the United 
States the oil was at first transported in oak barrels, 
but after a short time bulk- barges, and un early 
form of tank railway-car with two wooden tub- 
like tanks, were employed. In 1871 railway-ears 
with the present form of horizontal cylindrical iron 
or steel tanks were introduced. 

Pipe Lines. The first successful pipe-line in 
the United States was laid in 18(55, but it was not 
until 1875 that the construction of the great trunk 
lines was rendered necessary by the transference 
of t lie refining industry from the neighbourhood 
of the wells to the Atlantic seaboard, and the shores 
of the great lakes. In 1892 the aggregate length of 
tho trunk lines (chiefly 6 in. and 8 in. in diameter) 
was nearly 3,000 miles, several of the individual 
lines being from 200 to 400 miles in length. In addi- 
tion there was a network of feeder-lines of smaller 
<ize, bringing the total length of piping up to about 

25.000 miles. Sinew that date the number of line# 
and. their rapacity have been very largely increased. 
Theirunk pip ‘-lines are made up in 18-fl. lengths of 
specially made lap-welded iron or steel pipe, tested 
to 2,000 lb. per square inch, connected by long- 
sleeve screwed couplings, and are usually laid two or 
three feet below the surface of the ground, with 
bends at intervals to provide for contraction and 
expansion. The oil is forced through the lines 
by specially constructed pumps, which keep the 
column of oil in constant motion at a uniform rate of 
about three miles an hour, and in order to keep the 
lines clear of sediment a rotary scraper with radial 
arms, known as a go-deril, is from time to time 
forced through with the oil. The lines are worked 
in sections, with a pumping station for each portion. 

Storage of Crude Petroleum. At con- 
venient centres storage installations are erected. 
The tanks employed for this purpose in tho United 
States are vertical cylindrical iron or steel tanks 
90 ft. in diameter, and 30 ft. in height, holding about 

35.000 barrels. The tanks have slightly conical 
roofs covered with sheet iron. 

Natural Gas. In the account already given 
of the geological and geographical distribution of 
petroleum a brief allusion was made to the gas 
so largely obtained in some portions of the Appala- 
chian oil-fields. The gas wells are similar to the wl 
wells ; indeed, a well drilled for oil occasionally 
produces gas, and gas wells after a time yield oil. 
The pressure under which the gas is met with may 
be as much as 800 to 900 lb. per square inch, and 
some wells have yielded about 30,000,060 cubic ft. 
daily. The gas is conveyed from the wells to dis- 
tributing stations in pipe-lines similar to those used 
for oil. 

OzoKerit. 'This is one of the solid forms 
of petroleum, and is mined in Galicia by means of 
shafts and galleries, similarly to coal, but excep- 
tionally heavy timbering and efficient ventilation 
arc needed. 


Continued 



HEATING, VENTILATING, & LIGHTING 

Group 4 

BUILDING 

Varieties of Heating Installations. Natural and Artificial 

42 

Ventilation. Comparative Values of Various Lighting Systems 

Colli (lll|i*<1 (rum 


11.115 •* iTMO 


By Professor R. ELSEY SMITH 


HEATING AND VENTILATING 

S O MIC means of artificially raising f lie tempera- 
ture of living rooms during at least part of the 
year is essential in this and in many countries, 
and apart, from this it is necessary to provide for 
the means of cooking food and heating water for 
domestic use. These requirements may be met 
in a variety of ways, depending to a eonsidernblo 
extent upon custom, but varying with the circum- 
stances of the building to be dealt with. In 
ordinary dwellings in this country, the open tire is 
the usual method of warming rooms, whereas in 
some continental countries closed stoves arc* cm 
ployed, and in America, some general system of 
heating with hot water is very usual, even in 
private houses. (General systems of warming are 
employed in this country for many classes of 
public buildings and, more rarely, in private ones. 
The open fireplace, though it has certain dis- 
advantages, is the usual ami favourite* method 
of domestic heating ; recent improvements have 
greatly increased the efficiency of many kinds of 
grates and fires, and this system of warming has 
this in its favour — that it does much to promote 
ventilation by providing in every room a suitable 
outlet and setting up powerful currents in the 
atmosphere. 

Distribution of Heat. A heated body 
parts with its warmth either by radiation or by 
conduction or by a combination of the two. In 
the open fire the heat is distributed by radiation, 
passing through air, which is a had conductor, and 
warming any body that it encounters. In the 
closed stove and in most forms of heating apparatus 
the heat is distributed by conduction: the air 
immediately in contact with the apparatus has its 
temperature raised and then moves away, and is 
replaced by air at a lower temperature which is in 
turn heated and displaced. A free movement of the 
air is essential to satisfactory heating by conduc- 
tion, because air, being in itself a bad conductor, if 
confined so that it cannot move freely, cannot 
readily conduct heat from one body to another. 
In the ease of an open fire the air of the room is 
aNo heated to some extent by conduction: but 
lids is not directly by the fire, itself, but. is due to 
the air coming into contact with bodies warmed 
by the fire. 

Cause of Draughts. When a fire burns in an 
open grate it heats the air which is directly over the 
fire, or which is drawn through the fire itself, rarefies 
it, and the air tends to rise in the. smoke Hue pro- 
vided above. The fireplace opening sets up a 
strong current of air which carries off with it- the 
products of combustion and the unconsumed 
particles. 

This air is drawn directly from the room and 
must be replaced by an equal amount of air from 
other sources ; unless some special means of 
access is provided — and this is not usual in the 
amnller class of house-— the air will find its way 
between the sashes and frames of the windows and 
between the doors and their frames, especially the 
latter; tho general tendency in such cases is for 


the air to find its way direct from the door to the 
fireplace near the floor level, producing a sense of 
draught or at least of coldness. 

Tho necessary amount of air must come from 
somewhere, and the amount is considerable; some 
grates require five or six cubic feet per second, and 
tho smaller the openings through which the air 
is drawn the greater will he the velocity with which 
if enters and the keener the draught: if the 
joinery fits very well it may even happen that the 
supply will he inadequate and the tiro will not 
burn well. 

Down Draught. When two rooms are in 
communication as for example a front and back 
drawing-room in many Loudon houses— a fire 
burning in one grate frequently draws the air it 
requires down flic fine of the other, fireplace ; if 
there is no tire burning m the other grate the air is 
readily drawn down, and with it sometimes smoke 
from a neighbouring chimney, or noxious vapours 
from a neighbouring drain ventilating pipe if there 
lie one ; hence tin* warning already given to avoid 
taking stub pipes up in the neighbourhood of 
chimneys. 

If there should be a. fire burning ill the other 
grate it may be induced to smoke by the action of 
the stronger fire, or at least, be prevented from burn- 
ing efficiently. Even where rooms are not in direct 
communication, air is frequently drawn down one 
or more of the flues of tin sc* fireplaces in which 
fires arc* not burning. If will, therefore*, he easily 
understood tint the supply of an adequate inlet 
for fresh air in the immediate* neighbourhood of 
a fireplace not only fends to promote flic efficiency 
of the fire but also reduces the* tendency to create* a 
draught across the floor surface, which is so often 
met ivith. 

Varieties of Grates. All forms of open 
grates are liable to tin* objection that the fuel 
burnt ;n them is wastofully employed, much of the? 
heat passing away with the products of combustion ; 
but some forms e>f grate*s arc much more wasteful 
than others. The old-fashioned forms known as the 
h>h-(jmlv ft j and tli<* mjishr xtow [2], of which there 
were* many varieties, were extremely extravagant.. 
In both, the receptacle for t lit* tire' was raised 
high above the hearth and had vertical or horizontal 
bars in front and horizontal fire bars below ; the 
air had fre*e access not only to the front and upper 
surface* of the* lire, but to its under surface, and 
was drawn up through the lire and resulted in 
rapid eombuumn of Urn fuel. Such stoves were 
usually mainly of iron with the addition in many 
case*s of thin firebrick backs and checks. Modern 
grates arc mostly constructed so that the fire is 
either (dose to, or actually ou, the hearth [3 and 4], 
and when slightly raised a movable front termed 
an rroaowiiwr [5J is provieled so as to close the 
opening entirely after the fire has been lighted and 
iH burning briskly. Though varying somewhat in 
detail most modern fires have the back and sides 
of thick fireclay, generally about 2 in. thick, and 
the? sides are usually placed not square, but oil a 
splayed line, while the hack is sloped forwurd over 
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the fire [5). The object sought to be secured by this 
form is to make the utmost use of the fuel, which 
directly heats the back and sides, and these in turn 
radiate the heat into the room, and being thick 
retain a considerable amount of heat after the fire 
has died down ; all such modern grates arc more 
efficient and economical than the old ones. Some 
of them have no ironwork at all except the bottom 
bars. Such grates were first introduced by Dr. Teale. 
The fire in them is sunk below the level of the 
hearth, which is raised above the lloor level, and 
access for air is arranged under it by means of an 
opening which can be closed after the fire is once 
lighted. The interior, as it is termed, in which 
the fire is lighted, is of firebrick in one or two pieces 
mid the front may be formed of glazed bricks or 
tiles or faience. 

Other fireplaces are formed with but little moie 
ironwork; a metal frame is attached to the front 
of the interior, which includes the front bars to the 
fire, and this form is well adapted for use with tiled 
jambs and top ; these are finished behind the metal 
frame, which may be ornamental in form and 
often includes an ornamental canopy, fixed or 
movable. Iron, brass, copper, and armour steel 
are used in this work, either alone or in combina- 
tion, and around the opening there is added an 
ornamental mantel and, perhaps, an overmantel 
which is a purely decorative feature and is regulated 
by taste and means. 

Ventilating Grates. The necessity of an 
ample air supply has already been referred to, ami 
some grates are designed not only to provide for 
this, but. to ensure that this air shall be warnmd 
before it enters the room. This is effected bv 
forming behind the firebox, or interior, a chamber 
surrounding the back of the fire, into which the 
air is admitted cold from outside and from which 
it may be discharged after it has passed round tin* 
grate and has become warmed, into the room. 
Such a grate may be formed with an iron frame 
having projecting gills at the back, which increase 
the radiating surface and assist in warming the air. 
This class of grate is not very extensively used, but 
it avoids the draughts that are inevitable with the 
ordinary grate, unless some special air Hue for 
supplying it with air is provided. 

Stores are not formed open, like a fireplace, hut 
have a easing usually of iron, lined with firebrick. 
The fire is lighted within, and a pij>c eomeys the 
products of combustion to a flue. Such a stove 
may stand away from any wall, instead of being 
placed in a recess, so that the heat may be distributed 
in all directions, and the external surface is usually 
provided with ribs or gills, to increase the area of 
heating surface. The fire is entirely enclosed, and 
is not seen, and the air is heated by conduction. 
Such stoves are not much employed in this country 
for domestic heating, as they me on many parts of 
the Continent. They are, however, largely used for 
hpating small halls, churches, chapels, and similar 
buildings. They are, if well const rueted, undoubt- 
edly efficient, but if over heated, the air is apt to 
bo dried or burnt, and if used for domestic work, 
they do not play the same part as an open grate 
in assisting in the ventilation of the room. 

Ventilating .stores are sometimes made, and are 
provided with air chambers and flues, so as to 
deliver warmed air into the room, as in the rase of a 
ventilating grate. For hospital use, a sjieeial form 
of stove has been designed, consisting, in fact, of 
two open fires, placed back to back, so as to stand 
in the middle of a ward, with chambers and outlets 
ior warned air |6J. From such a stove, an ordinary 
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chimney is not usually taken, as it would occupy 
the centre of the ward, but a flue is taken down to 
the floor level, then horizontally in the thickness 
of the floor to one of the side walls, with proper 
provision for sweeping it, and thence vertically 
above the roof. The fresh air flue is brought in 
the same way to the stove from one of the ex- 
ternal walls. 

Heating Water. In these days a good 
supply °I hot water is considered essential, oven 
in houses of quite a humble character; this is 
usually arranged in connection with a boiler, heated 
hy the kitchen lire, though in larger establishments 
a specially heated boiler is provided for heating 
water only. 

All hot water distribution depends upon the fact 
that when heated the molecules of water expand, 
and become, therefore, lighter, bulk for bulk, than 
other particles at a lower temperature. These 
heavier molecules tend to sink to the bottom of any 
vessel in which the water is contained, forcing the 
lighter particles to the top, and in any vessel, 
whether it be a boiler or a pipe, the hottest water is 
near the upper part of it. If a pipe be inserted in 
the top of a vessel in which water is heated, and 
taken to a height above it, and brought back to the 
top of the vessel, provided the whole is fully charged, 
the. hot water will ascend the pipe in one direc- 
tion, and be returned to the boiler in the other; 
but with sufli an arrangement it is impossible to 
ioretell in which pipe water will ascend, and in 
which it will descend. If, however, one end of the 
pipe is connected with the upper part of the vessel, 
where the water is hottest, and the other is connected 
to the lower part, the water will invariably ascend 
by the first and return by the second. This regular 
eii dilation is an important element in the success 
of such an installation if it is intended to supply 
various fittings with hot water, but it is not a 
difficult matter to secure. Such a pipe, from the 
boiler to its highest point, is termed a flow pipe , 
the remainder of the pipe, till it rejoins the boiler, 
is termed the retime pipe. It is important in 
arranging any hot water system to proportion 
the various parts of the apparatus to each other 
so carefully that they shall be adequate for the 
efficient production of a regular hot water supply. 
Kverv such system is always fully charged with 
water, and as soon as hot water is drawn from any 
tap, an equal bulk of cold water flows in to take its 
place. 

Storage of Hot Wsfeigr. It is also essential 
in any such system to provide some means of storing 
hot water. The boiler, if heated by a kitchen lire, 
is necessarily of small capacity, and if the water in 
the boiler and the circulating pipe was all that lb' 
system contained, it would he at a very high tem- 
perature, but would be very small in bulk. Such a 
system would very quickly be emptied when water 
was drawn off from any of the taps. In every 
system, therefore, a tank or cylinder, capable of 
holding a considerably larger bulk of water than 
the boiler, must be provided, but the size of this 
iceeptaole must be properly proportioned to the 
power of the boiler and the lire that heats it. The 
tank when used is usually fixed above the highest 
point at which it is required to draw off water, 
while a cylinder is fixed usually close to the 
boiler itself, and all draw-off taps are taken from 
the flow pipe above the cylinder. 

The tank system [13] is the older form ; its chief 
drawback is that in the event of the cold water 
supply failing, the tank maybe completely emptied 
by water being drawn off from taps, so that only 
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1. Hob grate 2. Register grate 3. Slow combustion grate 4 and 5. Modern grate with economiser 6. Hospital wurti stove 
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20. Expansion tube 21. Oombiued inlot and outlet valve 22. Joint for high-pressure hot-watcr pipes 23. Expansion plug 
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the water in the boiler is left. This may be quickly 
converted into steam and evaporated, and the 
boiler left empty. Should this occur, the boiler is 
liable to become red hot, and to be damaged, and 
if the water supply is resumed while it is in this 
condition, an explosion may occur, owing to the 
sudden generation of steam. 

The Boiler. The general arrangements of 
this system are as follows : the boiler is usually in 
the form of a boot boiler |8], or a saddle boiler [7], 
and is generally of iron, sometimes of copper. It. is 
set at the hack of the kitchen range. The flow pi|>e 
is taken from the top of the boiler, and it should be 
arranged so that its end does not project below the 
internal surface of the boiler ; if it. does so project, 
an air chamber is formed in the top of the boiler, 
which, though it may not interfere with circulation, 
results often in somewhat alarming noises in the, 
boiler. The boiler must be provided with a small 
manhole, to facilitate its examination and cleansing 
from time to time, and should have fixed to the 
flow pipe close to it a safety valve, properly 
weighted, which will allow of any steam generated 
in the boiler blowing off. 

The Circulating Pipe. The size of the 
flow pipe will depend upon the number and character 
of the taps that are to be supplied by it. ]t is taken 
from the boiler by the route that will most easily 
bring it near the various fittings it is intended to 
serve, to the tank, and must ascend gradually the 
whole of the way ; the inclination need not be uni- 
form throughout the length, but should never be 
less than 1 in. in 10 ft., and it is not desirable that 
pipes should be so nearly horizontal as this if it can 
be avoided. The reaso i for this regular rise is to 
allow the air, whieh is contained in all water, and 
which is driven off when it is heated, a free route of 
escape ; if this is not provided, the air may collect 
in tho pipe and impede or stop circulation. The 
flow pijH? may be taken through the bottom of tho 
tank and is allowed to stand up in it for a con- 
siderable distance, or it may be connected through 
the side at a corresponding level. The reason for 
this is that the cooler water is at the bottom of 
the tank, and this arrangement ensures that 
when a tup is opened, the water drawn from 
it will be taken from the upper and warmer 
layer of water and not from the bottom of 
the tank, with which the inflowing cold suirplv 
mingles. 

1 he return pipe is taken from the bottom of this 
tank and is returned by the easiest route to tho 
boiler: and, like the flow pipe, this should never be 
unite horizontal, still less should it dip at any point. 
If it enters the boiler at the top, it must be continued 
inside the boiler, so as to deliver the water near the 
bottom, or it may be connected to the boiler by a 
side connection low down. The circulation pipe 
should bo of 1 in. diameter at least, and if the 
capacity of tho tank exceeds 40 gallons, or if more 
than four fittings are served, it should be ]J in., 
and for larger installations even larger. 

Branch Pipes. All branch pipes to apparatus 
such as sinks, lavatories, baths, etc., arc taken from 
the flow pipe, and it is desirable that all such 
branches snoiild be as short as possible, for the water 
in them docs not circulate, and therefore becomes 
cold. When the tap is first opened all the cold water 
standing in ihe pipe must be drawn off before the 
hot water begins to flow, and it is desirable to reduce 
tho amount of this to a minimum. Tho usual sizes 

« of ^branch pipes are, for lavatories, £ in. ; for sinks, 
i fa, ; for baths, \ in. or 1 in. 
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Cold-water Supply. This is an essential 
feature, and allows of water flowing in from the 
cold-water cistern to replace immediately any drawn 
off from the system when a tap is opened. The 
supply must be arranged so that when water is 
drawn off only hot water flows from the tap as 
long as there is any hot water in the system ; but 
without skilful treatment it may easily happen that 
cold water will find its way to the tap and mingle 
with the hot and reduce its temperature. The hot- 
water tank must be fixed at a lower level than 
the cold cistern, with which it is in many eases 
directly connected by a pipe; there is no valve 
between the two systems, blit a screw-down stop 
valve may be very usefully inserted to shut off 
the supply in ease of repairs. In order to prevent 
any chance of hot water working its way up the 
supply pipe into the cold cistern, this pipe should 
have a dip in it at least (» in. deep just before it 
enters the tank [ 12]. It may enter the tank through 
the. bottom and be finished with a T-pieco to deliver 
tile water horizontally, and close to the bottom, 
or it may enter the cistern at the side close to the 
bottom and may then be prolonged inside the cistern 
and finished with an elbow. The cold-water supply 
pipe should be 1 in. at least, except for quite small 
installations. 

Jn many cases, the cold-water supply, instead of 
being connected with the tank, is curried down and 
joined to the return pipe just before it enters the 
boiler. This avoids the introduction of cold water 
directly into the tank, but it will nevertheless flow 
back to the cistern if a tap is opened to draw off 
any considerable quantity of hot water. Tn some 
cases a feed cistern [ 13 1 is provided to supply the hot. 
water system only; this is connected directly with 
the tank and is supplied by water from the main 
cistern through a ball-valve. This effectually 
prevents any return of hot water to the main cistern, 
but there must be sufficient capacity in the feed 
cistern above the cold-water line to accommodate 
the increase of bulk due to heating the water. 

Expansion Pipe. From the top of the tank 
a pipe is taken of the same diameter as the flow pipe, 
and it is continued upwards to a point not less than 
2 ft. above the cold-water cistern ; in cases where 
the boiler is 00 ft. or more below the cistern, this 
height may be incresed to 3 ft. and in either case 
the end of the pipe is bent downwards over the 
cistern. This pipe serves a double purpose — that 
of an expansion pipe to alkiw of the escape of water, 
and that of a vent pipe to rcbow of the escape of air. 
The expansion of water, when heated, has already 
been referred to, and in such a domestio apparatus 
may amount to from 21 per cent, to 3 per cent, 
of the original bulk ; if the system is charged with 
cold water and heat is applied, expansion will a I 
once begin, and if no outlet is provided, at some point 
it would force an outlet for itself. The water as it 
expands rises in the expansion pipe and eventually 
overflows into the cold-water cistern so that no waste 
of water occurs, and this continues till the water 
has reached its maximum bulk ; normally the water 
stands in this pipe at the same level as in the cistern. 
This pipe, which is taken from the highest point 
of the tank, forms also a means of escape for any 
air that may collect in it, and if care has been taken 
to give all pipes throughout the system at least 
a slight rise, any air given off in the boiler or 
elsewhere will find its way to the tank and thence 
escape by the vent. 

The Cylinder System. In this system r 11 ] 
the vessel for storing not water is placed near the 
boiler, and is, therefore, owing to the head of water, 
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subjected to a much greater pressure than the tank 
at the high level ; the cylindrical form is therefore 
selected on account of its strength. The pressure 
exerted in any case may be calculated by allowing 
1 lb. of pressure for every 2 ft. 4 in. of vertical height. 
The boiler is similar to that used in the tank system, 
and it is connected to the cylinder with a How and 
return pipe ; the flow pipe should be connected with 
the cylinder at a point about two-thirds or three- 
quarters of its hoiglit from the bottom, and, if con- 
nected at a lower level, should have an internal 
pipe added to deliver the water heated by the 
boiler at this high level. The return to the boiler 
is taken from the bottom of the cylinder to the lower 
part of the boiler. The cold-water supply may lie 
brought down and connected to the lower level of 
the cylinder in the same way as is described for the 
tank, or it may he connected to the return pipe; it 
should be of ample size, or the flow of water from 
the draw-off taps, especially those at a high level, 
may be checked. A full-way stop valve should be 
provided in this pipe near the cylinder to facilitate 
repairs, but there is no oilier form of valve used. 
So far, this arrangement, corresponds with that of the 
tank system, except that in this case the boiler and 
cylinder are very elose together ; but no draw-off 
tap is taken from the Mow pipe between the boiler 
and the cylinder. A draw-off cock should, however, 
be fixed at the lowest point of the return pipe 
just before it. enters the boiler, or in the boiler 
itself, to facilitate emptying the cylinder and 
boiler should examination or repairs be required ; 
this should be fitted with a loose handle whi h 
is kepi separate from it to ensure that it is used 
for no other purpose. 

Secondary Circulation. In order to 
provide the necessary service to the various fittings, 
a secondary circulation is fitted up from the cylinder : 
the How pipe is taken off the to]) of the cylinder and 
is carried up as high as may be necessary to serve 
the highest fitting in the building to which hot 
water must be taken. From its highest point the 
return pipe descends to t he cylinder and is connected 
to it at a level above that at which the main flow 
pipe from the boiler delivers hot water into the 
cylinder: this arrangement secures that only the 
hottest water in the cylinder is circulated through 
this pipe. Though the terms /loir and rtf urn are 
applied to this secondary circulation, draw-off 
taps may be taken from any point in the circuit, 
as there is no cold water connection with any part 
of it. The expansion pipe is taken from the highest 
point in this secondary circulation to a level above 
the cold-water cistern, and arranged so as to deli\er 
into it as described for the tank system. As tin* 
whole of the taps are connected to the secondary 
circulation which is above the cylinder, it is im- 
possible that the latter can ever be accidentally 
emptied. 

Conserving the Heat. The efficiency 
of the system may be considerably increased by 
surrounding the cylinder, and. when possible, the 
main pipes, with some non-conducting substance; 
for the cylinder a thick layer of silicate cotton may 
be employed, kept in position by laggings of wood 
closely fitted and bound with iron or brass bands, 
which form a very neat finish. For the pipes, if 
these are run in pipe casings, they may sometimes 
be packed in the same manner, or they may be 
wrapped round with asbestos sheeting; either 
material prevents the cooling of the pipes to a very 
great extent and tends to maintain the temperature 
of the water with but little loss. 


Cylinder Tank System. This system is 
sometimes adopted, especially in large installa- 
tions, and is essentially the same ns the cylinder 
system, with the addition of a storage tank at a 
level above the highest draw-off. The advantage of 
this combination is that with a large body of hot 
water above the highest tap, there is no danger of 
the water flowing sluggishly from any of the taps, 
as happens sometimes in upper floors in the cylinder 
system: while at the same time there is not the 
risk ordinarily attending the use of a lank, as the 
cylinder below renders il impossible to empty the 
system. Hut if a large body of water is to be heated 
and stored, a powerful boiler will he required, and 
with this system an independent boiler is often useful. 

We have considered in some detail the methods of 
heating ordinary domestic buildings, including the 
hot-water supply, and must now consider the 
simpler means of ventilating such buildings, re- 
ferring afterwards in more gener.il terms to the 
more complicated systems in use in larger structures. 

Object of Ventilation. The essence of 
successful ventilation is the frequent changing of 
the air within anv building without producing the 
sensation of movement in the air — that is to say, 
any perceptible draught. The necessity for ven- 
tilation is due to the fact, that, ns the result, of 
respiration, and also of combustion, carbonic acid 
gas is produced : if this is present in considerable 
quantities it acts very deleteriously on the health, 
producing a sense of discomfort with headache, 
nervous depression, and liability to disease. Some 
nf this gas is present in the purest air, but normally 
it does not exceed 4 cubic ft. in 10.000 cubic ft., 
or 0*4 cubic ft. per 1.000 ; if ihe proportion present 
i-j increased to t hat. of b cubic ft. per 10.000 cubic ft., 
or 0'H culms ft. per 1,000 cubic ft., discomfort at 
once begins. An adult person exhales as much as 
(Hi cubic ft. of this gas every hour, and if in violent, 
exercise even more; if placed in a room 10 ft. square 
and 10 ft. high — that is, containing 1,000 cubic ft. 
of pure air— such an adult would in twenty minutes 
exhale enough carbonic acid gas to raise the total 
amount present in the air to Off cubic ft., and if this 
air were not changed and lie continued to breathe 
it, in a very short time it would become so seriously 
vitiated as to be unsuited to support life. If, how- 
ever, during tin* tirst twenty minutes the whole 
of the air can be withdrawn and a. fresh supply 
introduced, no such ill-effects will result. This 
may seem at first a large amount of air to circulate, 
but a single aperture measuring o in. by 12 in. would 
allow this volume of air to enter within this period 
with a velocity not exceeding 2 ft. per second, and, 
under su**h conditions, no draught, would be felt. 
It will be seen, therefore, that, in a room of this size 
occupied by a single adult, it would be necessary 
to completely change* the air three times every 
hour to prevent it from becoming perceptibly 
vitiated, and that, if there was no other means of 
changing the air, this could be done, by means of nil 
inlet and an outlet suitably placed, neither of which 
need exceed tit) sq. in. in supeifiejos. If two adults 
were occupying the same room, twice the supply 
of air would be required per hour, and so on in pro- 
portion; the amount of air required per hour is 
fairly constant, but. the number of times the air 
in any gi\cn room must be changed per hour will 
depend upon its cubical capacity in relation to the 
number of persons who make use of it. 

Fireplaces as Ventilators. Tn most 
living rooms the existence of a fireplace ensures that 
there shall 1 e a jiermancnt outlet to the room. When 
a lire is burning in a grate this induces a constant 
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withdrawal of air from the room, which is passed np 
the chimney, and which amounts to from 3 to <5, or 
even more, cubic ft. per second, or from 200 to 
400 cubi • ft. per minute. When no fire is burning in 
the grate, a current of air may, nevertheless, be set 
up in the flue, owing to the difference in temperature 
between the air in the room and the external air, 
which will suffice, in many eases, to keep the 
atmosphere adequately changed. It is, therefore, 
very undesirable, in the ease of a register grate, to 
close the register when the fire is not in use, or, 
in any other way, to cut off the flue from the room. 

Use of Pervious Materials. We have 
assumed hitherto that the room was hermetically 
closed except for the special openings for ventilation, 
hut in practice this is not, as a rule, the ease. 
Most of the materials used in building arc pervious 
to air, and when the internal temperature is higher 
than the external, quite a considerable amount of air 
may be drawn in through the walls, partitions, and 
ceilings. In the case of an unplastered brick wall, 
this may amount to as much as 7 cubi • ft. of air per 
hour for every yard superficial, when the internal 
temperature is only 1 J F. above that of the air outside. 
Plaster is somewhat less pervious to air, and wall- 
paper less permeable again, but both allow a very 
eOhsidcrablo amount of air to pass. If the bricks 
used have a glazed surface, or if n vertical course of 
asphalt is fixed in the wall, or if the paper, after 
♦ hanging, is varnished, the access of air through 
the portions thus dealt with is practically stopped. 

Natural and Artificial Systems. V enti- 
lation systems may be divided into two main 
classes —natural rentilati'v and artificial ventila- 
tion. In the latter some mechanical power or 
specially -arranged heating apparatus is employed to 
create a movement of air, which is either forced in or 
drawn out through special channels. Natural venti- 
lation endeavours to make use of the natural laws 
governing the movement of gases, and to set up and 
maintain a current of air that will serve to ventilate 
the building or room to he dealt with. The following 
points must be noted in relation to this system. 
Air, like water, expands when heated, and any given 
hulk of heated air will weigh less than the same bulk 
of air at r lower temperature, and will tend to rise 
above it if the opportunity he given for it to do so. 
Any body of air that is withdrawn from any space 
by such action is immediately replaced by an equal 
bulk of air from some other source, but air cannot 
l>e introduced by natural means into any given 
Space until room is thus provided for it ; when it 
enters, however, it will invariably do so by the 
easiest route. If a current of air has once been set 
in motion in a given direction, it will continue to 
move in the same direction till forcibly turned aside. 

Under most conditions in this country — at least, for 
the greater part of the year — the temperature within 
a domestic building is usually higher than that 
of the external air. Even when fires are not in 
general use, the presence of at least a kitchen tire, 
hot- water service, and of human beings, tends to 
raise the temperature of the air within the building, 
and the air in any room heated by respiration or 
combustion tends to Tise to the upper part of the 
room; it will, if it can, escape thence to the upper 
part of the building, and, as already explained, 
cooler air will at once take its place. 

If an upward current of air can be established 
in such a vertical pipe as a chimney-flue, the ten- 
dency will be for it to continue. Such a current 
ift at once set up when a fire is lighted, but may be set 
tip. under other conditions. The difference between 
«*xtejmal and internal temperatures will often 
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suffice to set up a current of air in such a> flue, and 
any such tendency will be reinforced if, for example, 
the flue in question is close to another belonging to a 
fireplace in which a tire is actually burning ; but 
it is, on the other hand, impossible to ensure that a 
flue which, under certain conditions, acts as an 
extract may not, imder different conditions, act 
as an inlet.. 

With a fire burning in a grate the current (Tented 
is sufficient to ensure the efficient ventilation of. anv 
ordinary room provided with a suitable inlet such as 
is afforded, for example, by a ventilating grate ; and 
at those periods of the year when tires are no longer 
employed the atmospheric conditions generally 
allow of ventilation by perflation being freely adopted. 

Perflation. Perflation , when possible, is an 
entirely efficient system of ventilating; it con- 
sists in providing, in suitable positions, in a room 
or building a scries of openings of large area, 
usually windows and doors, and allowing the 
air from outside to pass freely through them. 
But in this climate such a system cannot he 
adopted in all conditions of the weather, though 
it may often bo employed as a useful auxiliary. 
This is especially the ease in buildings which are in- 
termittently occupied by considerable numbers of 
people — for example, school buildings, in which chil- 
dren are, with a view to proper teaching, necessarily 
collected together in class rooms. In such a room 
a very powerful artificial system of ventilation would 
bo required to keep it perfectly sweet and free 
from vit'ated air; but in many cases the cost of such 
a system is prohibitive, and less costly and less effi- 
cient expedients have to be resorted to. In such 
cases, the fact that classes are changed periodically 
permits of ventilation by perflation being utili ed 
for a short period at fairly frequent intervals. 

In a great many cases, little or no attention is 
given to the ventilation of rooms in private houses, 
except those of a somewhat superior class. For- 
tunately, most bylaw's require every habitable 
room to he provided with a fireplace and flue, and 
an outlet is thus secured, and, as already explained, 
the. action of the fire will ensure air being passed 
up the chimney from the room, which must he re- 
placed from some external source. A great step 
ill advance is made when the source from which 
the air is to be supplied is definitely considered 
and arranged for. Such care not only tends to 
prevent the existence of draughts in the room, 
as already pointed out, but should ensure Unit the 
air is supplied from the best and purest source 
available. 

Ventilating«sash Windows. It is not 

always necessary to provide special openings for 
this purpose, as many modern sash windows arc 
constructed to act as ventilating inlets, and answer 
admirably, if suitably placed. This is done by 
making the bottom rail of the bottom sash of extra 
depth, and providing a deep bead above the sill in the 
inside [14]. The lower sash of such a window may be 
raised two or three inches without being lifted above 
this bead, so that air is not admitted at the sill 
level ; but the top rail of the lower sash will 
be raised, and an opening formed at this point 
between the lower and upper sash at which air can 
freely enter, which will be delivered in the room 
at a considerable height, generally above the level 
of the heads of the occupants. Such an arrange- 
ment will have less tendency to produce a percept- 
ible draught than having the window closed, and 
letting air force its way in between the sashes and the 
frame, for it is important to remember that the larger 
the opening the lower will be the velocity with which 



any given volume of air will pass through it in a given 
time. When, however, there is a considerable 
difference between the internal and external tem- 
perature, if cold air is admitted it is almost im- 
possible even with this ar.angement to avoid the 
sensation of draught. 

Special Ventilating Openings. If win- 
dows are not made use of, special inlets may be made 
in the external walls, and provided with fixed 
gratings externally, and with some form of mov- 
able grating or valve internally. Such an opening 
should not pass straight through the wall from 
its outer to its inner face, hut should he bent, 
upwards in the thickness of the wall. 

I 1 lie external gratings may be of iron or terra- 
cotta, and are intended to prevent bird* nesting in 
the openings. The internal surface of the Hue itself 
should be smooth, without sharp angles, and may 
be formed in Portland cement and sand, trowelled, 
or may be lined with a metal tube. The internal 
grating may bo what is termed a hit and-miss 
grating 1 15J, which consists of tw'o metal plates 
perforated in identical manner, which allows the 
passage of air through both sets of openings when 
they correspond in position: but when one of them 
is ‘shifted sideways the solid parts of one grating lie 
over the openings of the other, and either wholly 
or partially check the passage of air. Many forms 
of waived gratings are employed ; in some a kind 
of hopper head is allowed to fall forward when 
air is to he admitted, and is raised again when it 
is to be closed [ 16 ]. In others a diaphragm is 
fixed on a pivot, which can he turned .so as to 
open or close the passage as desired. 

Tobin Tubes. Another form of inlet i.- the 
apparatus known as a 'Tobin tills* (181: this consists 
of a short vertical tube, generally about li to 7 ft. 
high, which may readily he inserted in an existing 
building. It is usually formed of wood, and. if 
so. must- he well framed and glued up. so that the 
joints are perfectly air-tight; it may have a metal 
lining, which is generally of zinc. 'The horizontal 
sectional area will vary according to the cubical 
capacity of the room to be ventilated : but the sec- 
tional area of the tube, or, if there are several in one 
room, their united area, should he calculated so as 
to give, at the very least, 2.7 s< j. in. for every 
1,000 cubic ft. of air spare. 'Tin* lower end is 
connected with the external air. and protected by a 
grating. Such tubes may sometimes be usefully 
placed against an internal wall when an air trunk 
can be taken under the floor or in its thickness to 
such a position : the upper end is usually open, 
but covered with a tine grating, and the air is 
delivered with an upward tendency. Such a tube 
may bn iitted with a diaphragm in its course, so 
that the opening may be either closed or wholly or 
partially opened. 

Positions of Ventilating Openings. 

There is much difference of opinion as to the best 
positions for inlets and outlets, but the general 
tendency is to place the inlets high up on the w\dl 
and the outlets low down, so that noxious gases, as 
they are produced, do not ascend and collect near the 
ceiling level, but aro withdrawn from the lower parts 
of the room. It is often advocated that the two 
openings should be at different levels in the same 
side of the room, and that tin's arrangement tends to 
promote the most complete circulation of air ; while 
others advocate placing inlets and outlets in opposite 
walls. Much will depend on whether there is only 
one inlet or outlet in a room, or if there Ik* more 
than one ; in the latter ease, it should be possible 
to avoid any stagnation of air in any part of the 


BUILDING 

room when the inlets and outlets are placed in oppo- 
site walls. 

An outlet is not infrequently formed into the 
smoke Hue of a fireplace, near the ceiling level, 
which must Ik* provided with a mica valve, similar 
to that used in a fresh-air inlet. This will allow air 
to pass through it from the room into the flue, 
but will prevent air and smoke passing into tin* 
room from the flue. 

V intilntimj gu* tnrnirr * have been much employed 
for certain classes of buildings, and less frequently 
for private houses. In these the heat generated by 
the combustion of the gas is taken advantage of 
to create a current of air in a serially arranged 
outlet tube, which will carry otf the \itialed and 
healed air that will collect in the upper part of a 
room when no other means of ventilation are pro- 
vided. 

Ventilating Domestic Offices. Tic fore 
leaving the subject of natural ventilation, it is neces- 
sary to point out that it is necessary to ventilate 
not only rooms used by human beings, but rooms 
used for preparing and storing human food, and 
rooms which contain sanitary conveniences. In the 
case of the latter, it is very undesirable that air 
should he drawn from them into other parts of the 
building, though this is usually difficult to prevent. 
Such chambers are rarely heated, and tend to form 
a source from which cold air may readily he drawn, 
as in many case.-, some permanent opening direct to 
the external air is insisted upon. Where such chain- * 
hers arc heated, 1 hoy should he kept at a higher 
tem per.it lire than that of adjoining passages and 
rooms, tin* result of which will he that any move- 
ment of air that takes place will be into the chamber 
rather than out of it. 

Prevention of Stagnation. Ventilation 
must also he provided in all positions in which air 
would lend to become stagnant, especially if there is, 
at ihe same time, any tendency to moisture and 
heat. In tin* case of a store-room or cupboard having 
no external window it often suHiees to lion* two 
sets of holes, about 2 in. in diameter, one set near 
tli<* to]) of the door and the other a few inches above 
the Hoof level. 

The space under t he lowest floor of a building, if the 
Hour is not laid solidly on concrete, is a position in 
which the importance of ventilation is paramount. 
Jf none is provided, the air becomes stagnant, and the 
timbers art* liable to decay from the at lack of fungous 
growths, and from dry rot. It is, therefore, essential 
that openings he provided in external walls |17], 
and in any cross walls such as will allow of a tree 
circulation of air under all parts of such a floor. 
Purthor. as already pointed out. |on page 2200], 
it is impoi taut that all hollow spaces formed when 
walls are built in two thi kncsscs, and when dry 
areas are provided, should he efficiently ventilated. 

Tin* system of natural ventilation has been 
described in some detail, as it is the method em- 
ployed in the large majority of buildings in which 
anv attention is paid to the subject. 'The more com- 
plete s\ stems of artificial ventilation will lx* briefly 
described in tin* latter part of this article, after the 
various methods of heating on a largo scale have 
been referred to. In both these cases, however, the 
work is, as a rule, executed by special workmen, 
miller the direction of expert: engineers, and this 
article will not attempt to deal with this part of 
the subject in the same detail as has been be- 
stowed on the similar systems, the execution of 
which very usually forms part of the ordinary 
building contract, and is executed by the general 
contractor and his workmen. 
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General Syitema of Heating. In those 
buildings in which for any reason the System of 
heating by stoves or grates is not suitable, some 
general system of warming the whole building from 
a common source is usually adopted. It is possible 
to employ for this purpose not water at low pressure, 
hot water at high pressure, steam, or hot air. 

Low-preasure Hot Water. In its essential 
features this system of heating [10] resembles very 
closely the system already described for heating hot 
water for domestic purposes. There is a boiler to heat 
the water, and a system of pipes through which it 
circulates, and a tank, not, in this ease, closed, but 
open. The object to be attained, in such a system is, 
however, quite different from that aimed at in 
arranging a hot-water supply, and the system is 
consequently modified. It is no longer required to 
provide a large body of hot water and to conserve 
its heat, so that it may be drawn out from the system 
hot; but, on the contrary, it is desired to heat 
the smallest amount of water that is adequate, to 
circulate it rapidly, and to disperse the heat through 
the building. The flow and return pipes are, there- 
fore, often made large (3 in. or 4 in. in diameter), and 
the storage tank is arranged so that when the water 
iM cold there is only some 2 in. or 3 in. of water in it. 
It is, however, large enough to hold the additional 
bulk of water that is created when the water in the 
system is expanded by heating, and which may 
amount to about 4 per cent, of the original bulk, for 
*water in a heating system is rust-stained, and 
cannot be returned to the cold-water cistern : d 
discharged into the open air by an overflow pipe, 
there would be sensible loss every time the water 
was heated. There is, on the other hand, very little 
waste of water, and a small cold-water service may 
be used. The supply is regulated by ball valves fixed 
near the bottom of the tank. 

Pipes, Coils, and Radiators. <V»re must 
be taken to give a slight rise at least through- 
out the length of the pipes, but there is not the 
same amount of air given off from the water after 
the first heating as occurs in a hot-water service, 
as in this ease only a very Rmall amount of fresh 
water is introduced into the system after it is once 
charged. The pipes themselves in some installations 
form the heating surface, and may be laid in tienchcs 
below the floor or fixed above floor level ; and they 
may, if necessary, be arranged in two or three rows 
to form coils ; but where additional heating surface 
is required it is more usual in these days to employ 
radiators (19J, which arc equally efficient and less 
clumsy in appearance. In some cases radiators alone 
are relied on for providing heating surfaces, and the 
circulating pipes are kept as small as circumstances 
permit, and are wrapped round with some non- 
conducting material, so as to keep in their heat. 

A radiator is formed of east iron, and consists of 
two ends with intermediate sections, of which any 
reasonable number may be employed, so that the 
size and heating power of the radiator may be 
exactly proportioned. The whole set of sections are 
held together by rods passing through them, which 
can be tightly screwed up. Each radiator is pro- 
vided with a small air vent to assist in filling it, 
and for the escape of any air should it accumulate 
hi the radiator. Each radiator is connected with 
the flow and return pipe, and these connections 
should not be so short or rigid as to be seriously 
affected by alight alteration in the position of their 
connection with the main flow and return, such as 
may result from expansion and contraction in these 
fexft pipes. Every radiator should be provided with 
a'ropoo$h, which will allow of its being shut off from 


the circulation without interfering with any other. 
The area of heating surface to be provided by this 
system usually varies from 11 to 20 superficial ft. 
for every 1,000 oubio ft. of air to be warmed. 

Advantages and Drawbacks. Low- 
pressure hot water is a pleasant form of heating. 
The surfaces are never so hot os to bum the air, 
and coils or radiators may be easily arranged for at 
considerable distances from the boiler. The cost of 
installation is, however, high, owing to the large 
size of the pipes, or the large heating surface re- 
quired in radiators. If installed in a building which 
is only used intermittently, such as a church or 
chapel, there is a grave risk in a severe frost that if 
water is left in the system, the pipes or radiators, 
and even the boiler, may be burst if the water in 
them freezes. 

Medium and High-pressure Systems. 

These differ in many respects in principle, as well 
as in the details of their arrangement, from the low- 
pressure system. The great advantages are the 
comparative ehoepness of the first cost, and the 
facility with which the pipes can be carried to 
different parts of a building, largely owing to their 
small size ; but the heating surface is liable to be 
raised to a high temperature, and the air may be 
burnt and rendered very dry. 

The system is not an open one, but is absolutely 
closed, and its successful application is due to the 
circulation of a very small body of water at a very 
high temperature. This is rendered possible by tlu* 
tact that water, though it normally boils at 212° F. 
at the sea-level, will boil at a much lower tempera t uie 
at a higher level when the atmospheric pressure is 
reduced, and, on the other hand, if the pressure is 
increased, it may be raised to a very much greater 
temperature without boiling. In this system the 
expansion pipe is closed; the air contained in it is, 
therefore, compressed, as the water expands when 
heated, and exerts a pressure on the water. It 
is possible, indeed, in some installations to raise 
the temperature of the water as high as 500 5 F., 
and many installations are tested upon completion 
under hydraulic pressure up to 1,800 lb. or 2.0(H) lb. 
per square inch. 

Arrangement of Pipes. The pipes used 
are usually 5- in. internal diameter, with 1 in. 
thickness of metal, and have a fine thread at each 
end, one right hand, the other left hand. They arc 
jointed by means of special socket pieces, also pro- 
vided with corresponding threads, and are screwed 
up till the end of one pipe, which is cut with an 
annular chisel edge, is actually embedded in the 
fiat end of the next pipe [ 22]. Both these ends must be 
perfectly true and square, and no jointing material 
is used. The installation, whatever its size, consists 
of a single endless pipe, made up, of course, of many 
lengths jointed together. A certain proportion of 
this is formed into a coil in the furnace, the remainder 
l eing taken through the building. In traveling 
through a very long pipe, the water might lose 
most of its heat ; where the installation is a large 
one, therefore, it may be divided up into distinct 
sections. The pipe, when it hsJt travelled through 
the first section, is returned to the furnace, and an 
additional length added to the coil ; it is again taken 
off through another section of the building, and 
again returned as often as may be necessary, but 
without any break in the continuity Of the pipe. 
A pumping valve is provided near the coil, by 
which the system is filled, and between the highest 
point and the expansion tube [20] a filling cap ip pro- 
vided for replenishing any waste of water, which, 
notwithstanding the closed circuit, is bound tp occur. 
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Expansion Tube* The apparatus is filled with 
water to level of the filling cap ; the expansion 
tube, which is carefully regulated in size to that of 
the system, is filled with air, which, when the water 
is cold, is at normal pressure. When the water is 
heated, it expands and partially fills the expansion 
tube, necessarily compressing the air contained 
within it. The amount of this pressure cannot be 
exactly regulated, as it depends on the temperature 
of the water, the bulk of which is increased with 
the temperature, with the result that the air 
pressure is also increased. Where it is desired to 
limit the pressure definitely, and, consequently, the 
temperature, the expansion tube is replaced by a 
special inlet and outlet valve placed in a cold-water 
cistern [21]. The outlet of this valve is closed by a 
dead weight, which may be regulated to produce 
any desired pressure in the system, but if this is 
exceeded, it acta as a safety valve, is lifted, and allows 
a little water to issue till the pressure is reduced. 
The inlet is closed by the internal pressure, but as 
the pi ensure is reduced the water contracts in 
cooling, the inlet opens and allows water to enter 
and replenish the system. 

The proportion of the pipe included in the coil 
varies with the temperature desired, but is usually 
from one-twelfth to one-tenth the total length of 
pipe, and the cubical capacity of the expansion tube 
usually equals from one-ninth to one-eighth of that 
of the whole of the pipes. The coil is usually sur- 
rounded by a furnace built in firebrick, lo contain 
the fire which heats the coil. This is constructed so 
as to heat, the whole of the coil thoroughly. 

Steam Heating. Steam heating may be 
advantageously used in buildings in which steam 
is required for other purposes. This system of 
heating is usually carried out by means of a main 
circulating pipe from which branches arc taken 
to steam coils suitably placed for this purpose. 
One of the difficulties in the application, of 
steam lies in the fact that as heat is given off 
by the radiators the steam is partially reconverted 
into water. It is necessary to arrange for the 
return of this water to the boiler, and to do so in 
such a way that it will not interfere with the 
passage of the steam through the pipes. The main 
circulating pipe is accordingly taken to its 
highest point directly it leaves the (op of the 
steam boiler, and falls again thence towards the 
boiler, to which it is connected below the water- 
level. It should have a minimum inclination of 
1 in. in 20 ft. In this manner the water Hows in 
the pipe in the same direction as the steam travels, 
and does not, therefore, check its circulation. In 
branch pipes to the radiators, which usually ascend 
from the top of the main pipe, the inclination 
should be greater, at least 1 in. in 3 ft., as in this 
case the water for the short length must flow in a 
direction opposite to that of the steam, and the pipe 
should be of large diameter. 

The radiators are very similar in appearance to 
those used for hot water, and must be provided with 
a stopcock to cut f&em off from the circulal ion : but 
the admission of steam to individual coils cannot be 
regulated, it must be either full on or quite cut 
Off. Every radiator must be provided with an air 
vent, as steam cannot enter till any air present is 
expelled. This is usually fixed at a point about one- 
third up the radiator, and should be automatic in its 
action, allowing air to escape when the system is 
cold and steam is first turned on, and when the 
sfeaifi is turned off, permitting air to re-enter the 
Wtein to fill the vaouum due to the condensation of 
the afeam. This is secured by using a -special valve 


[23 J, which may be closed by the expansion of al 
short rod constructed of a material having a high 
coefficient of expansion, which will bo acted upon 
as soon as the steam reaches it. 

Dips may occur in the circulating pipe*, provided 
that a drip pipe — that is, a pipe of small diameter 
— is taken from the lowest part of the dip to take off 
any water that may condense and collect there, and 
convey it to the return pipe. But it must enter 
this pipe at a point below the water level in the 
boiler, for. if it were connected above this level, 
steam might find its way up the pipe and interfere 
with the proper circulation. 

Heating by Hot Air. For certain classes of 
buildings this form of apparatus is specially advan- 
tageous, as it cannot be attacked by frost. It is also 
inexpensive in first cost, and may l>e worked eco- 
nomically. The air is, however, delivered at. a rather 
high temperature, and is apt to ho perceptible as a 
current- of heated air. r I he Hues distributing the air 
must have a rather rapid rise, and cannot be carried 
to any great distance from the furnace. There is 
some liability also for the air to be unduly dried. 
This may, however, be corrected by some suitable 
arrangement for keeping the wanned air moist. 

The apparatus consists of a powerful stove, in 
which tin* lire is lighted ; the stove is of iron, pro- 
vided with radiating fiills, and is erected inn chamber 
proportioned in size to the power of the furnace. In 
this chamber the air is heated by the stove, which 
must be below the level of the apartment to be 
heated. From the lop of the heating chamber a flue, 
or lines, are taken to deliver air into the hall or 
room, and these may deliver the heated air at the 
floor level, as is usually done in churches and chapels, 
or from openings in the walls at a higher level. 
Extract lines from the room are brought back to the 
lower part of the chamber, and in this way the air 
of the apartment is circulated through the heating 
chamber, and the temperature is gradually raised. 
There is also a connection by means of an air duct 
with the external air, so that fresh air may be intro- 
duced into the heating chamber, warmed, and passed 
into the building when desired. The circulation of 
air is generally employed, while the temperature of 
a building is being gradually raised, before it is 
occupied by an audience or congregation ; but 
when the apartment is occupied, circulation of the 
air is not desirable, and the fresh air supply is brought 
into requisition. Some suitable arrangement should 
be provided for withdrawing the vitiated air at such 
times, and for this purpose an extract tlue with an 
electrically-driven fan may often be employed. 

Artificial Ventilation. Artificial ventila- 
tion makes use of some special force to create 
the necessary movement which will change the 
air either in a large chamber or a building in 
which a large number of smaller rooms have to lie 
dealt with. In either case there must be several 
inlets and outlets, and the whole of the outlets must 
be connected up, so as to be brought under the in- 
fluence of the force employed, and the inlets must 
be similarly dealt with if the air is to be forced in. 
This is done by a series of channels or ducts, formed 
in brickwork or concrete, or in wood or metal. 
Whatever materials are used must be impervious 
to air, or practically so. In the case of wood ducts 
the joints must be grooved, tongued, and glued up, 
and they are often entirely covered with canvas glued 
on and afterwards painted ; the internal surface 
must bo smooth, and all changes o* direction made 
by easy bends. It is also important that at all points 
the sectional area of the duct shall be exactly propor- 
tioned to the amount of work required of it at that 
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point» so that the duet, where it is remote from the 
central force and is required to convey the air from 
a single room, is small in area, and is increased with 
every additional branch fine that is brought into it. 
All these flues should be contrived so as to be 
accessible for cleaning. 

The Force Employed. The main ducts 
run nearly horizontally, and in many cases several 
such ducts from different sections of the building 
are made to converge at the point where the force is 
applied. This force may be that of heat, produced 
by a powerful gas ring in a small installation, or 
by a furnace or coil of hot water or steam pipes. 
When any form of heat is employed, a vertical 
shaft or chimney must be provided to produce 
a pro] Kir draught. 

In other cases mechanical power is utilised to drive 
a fan which shall extract the air by means of the 
ducts or force it into the building by a similar set of 
ducts. Such a fan may be driven by steam power 
if it is available, or by an electric motor, and when 
used to extract the air, should deliver it into a 
short, vertical shaft terminating with open louvres 
on all sides ; it should not deliver the air horizon- 
tally, in any position where it may be directly 
acted upon by wind pressure. Such an extract fan 
may be usefully employed in combination with a 
hot-air heating apparatus, as already described. 

For many installations it is considered advan- 
tageous to force the air into a. building instead of 
withdrawing it, and sometimes it is both introduced 
and withdrawn by mechanical power. The advan- 
tages of forcing the air in is that it is possible to 
select the souree from which it is taken, and before 
introducing it to cleanse anti purify the air by passing 
it through fibrous seieens, which filter it and remove 
all the most noxious particles it contains. It is also 
possible to regulate its temperature with very great 
exactness by passing it through a carefully arranged 
heating chamber before it is introduced into the 
building and distributed to various apartments. 
The details of such a scheme necessarily vary with 
the circumstances of each case, and, as already 
pointed out, the planning, and, to some extent, 
the execution, of elaborate systems both of heating 
and ventilation arc in the hands of specialists; hut, 
at the same time, any such system entails much 
work in the way of preparation and fixing, that 
comes under the builder's control and management, 
and which some knowledge of the general system 
to be used may do much to facilitate. 

LIGHTING 

The adequate lighting of all parts of a building 
is a matter of the utmost importance to its com- 
fortable use. The lighting by day is secured by the 
provision of openings of sufficient size and suitably 
placet! to admit daylight to all parts, and the success 
of this treatment will somewhat depend on the 
adequacy of the areas from which light is derived. 
In towns these are to some extent regulated by 
Building Acts or Bye-laws, which regulate the height 
of buildings in streets of various widths, and the 
extent of open space that- must be provided in the 
rear of such buildings. Those regulations are mainly 
directed to the provision of spaces not wholly 
inadequate, into which the windows for lighting 
various rooms may open, and from which both 
light and air may be obtained. in many cases 
regulations are also made as to the size of internal 
courts provided as areas for light In the case of 
London, in buildings erected in newly laid-out streets, 
the 1 provisions are intended to secure that if a line 
;3$drawn from the ground level. of a building on one 
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side of a street to the eaves or ..parapet of the 
opposite building, the angle it makes with the 
horizon shall not exceed 45\ In the dfcse of a 
window obtaining light from a court the line drawn 
from the sill to the eaves or parapet of the opposite 
wall must not make a greater angle than 
and in the case of the open area at the back, while 
the angle varies somewhat according to the actual 
height, the conditions secured arc rather better 
than those in an internal court. These are general 
rules, modified in the case of buildings irregular in 
plan, and in the case of buildings laid out in old 
streets or replacing older buildings destroyed or 
taken down. All such provisions must bo carefully 
observed, and represent the minimum requirements 
for towns, and, wherever possible, more favourable 
conditions should he provided. In particular, an 
effort, should be made to secure that in a domestic 
building every habitable room should receive at some 
time in the day not merely daylight but sunshine, 
which is of the utmost importance from the point 
of view of health. Darkness, as well as stagnation of 
air, favours the development of many noxious germs, 
and it is important, therefore, that not only the 
habitable rooms, but the corridors, staircases, and 
the various offices of such buildings should be 
adequately lighted in every part. In many build- 
ings the conditions governing the place may make 
it difficult or even impossible to provide for the 
complete lighting of every part : but it is a con- 
summation to be aimed at and approached as 
nearly as may be. 

Artificial Lighting. Under the conditions 
of modem civilisation it is absolutely essential, in 
addition to securing an adequate provision of 
daylight, to provide some means of artificial 
illumination, by means of which the various occu- 
pations of life may be continued after daylight has 
failed. At no time has the means of doing so been 
so complete and efficient as at the present day. 
immense strides have been made within the last 
thirty years, due to the introduction of electricity as 
an illuminant suitable, for domestic lighting. Not 
only is the light itself admirable from many points 
of view, but it has stimulated the inventive powers 
of those interested in gas lighting, and led indirectly 
to great improvements in this branch of lighting also. 

Jt is not necessary to do more than refer to the 
older forms of illuminant — candles and oil lamps — as 
they do not involve any special preparation in the 
course of the construction of a building, and, in its 
finishing, only require the provision in some cases 
of suitable brackets or holders for the lights. But 
it may be pointed out that lamps certainly have 
shared in the general improvement, and that both 
candles and lamps are in many respects pleasant 
forms of illumination, and must, oven in these days, 
be relied upon by a very large class of householder 
-- by those who live in districts not served by any 
public gas or electric company, and whose require- 
ments are not sufficient to warrant the establish- 
ment of a generating plant for either of these 
ilium inants. ^ 

The drawbacks to their use are mainly expense 
and the trouble of daily attention, and the risk of 
damage to carpets, furniture, etc., often due to 
carrying about such movable lights. Suoh means 
of illumination are, however, sometimes used to 
supplement both gas and electric light installations, 
which are not always carried into every part of a 
building. 

In the case of buildings situated so that there is 
no public supply of gas or electricity available, it is 
possible, if the circumstances warrant the outlay, 



to establish a private generating station for either 
gas or electricity, but it is not possible to deal in this 
article with the details of such installations. It is, 
however, comparatively rare to find private installa- 
tions for generating coal gas. Snell an apparatus 
requires skilled attention, and it would be possible 
to supply gas economically only in the case of a 
large mansion. 

Acetylene Gas- Acetylene gas is another 
form of illuminant that in recent years has come 
largely into use for such moderate installations ; 
it gives an exceedingly good light, and is, as 
a rule, less expensive than a gas installation. 
For an equal amount of illumination the cost is 
usually estimated as equivalent to that of gas 
supplied at from 3s. to 3s. (kl. per 1.000 cubic ft. 
The principal drawback to its use is the extremely 
unpleasant odour that is apparent if the combustion 
is not absolutely complete. 

The great advantage of such an installation is 
that it does not require any constant or highly- 
skilled attention, but may be operated by a gardener, 
and will not at the outside take more than a few 
minutes’ attention daily. The gas is produced by 
the combination of calcium carbide and water. 
Acetylene gas is produced, and lime is left as a 
residue, and this material is suited for the ordinary 
purposes of a pure lime. The carbide has great 
affinity for moisture, and is delivered in sealed metal 
drums ; it must be kept in airtight vessels till used, 
or it will absorb moisture from the air, and give off 
its gas. It. is necessary to obtain a licence to store 
carbide in quantities exceeding 5 lb., and such a 
licence should be procured from the local authority, 
who examine the store before the plant is fixed. 
The gas is very inflammable, and may be ignited by 
any glowing substance, such as tobacco in a lighted 
pipe, and no form of naked light should ever be 
introduced into the building containing the plant. 

The plant includes a generator. In this the car- 
bide is brought into contact with the water either 
by dropping it in by hand from time to time, which 
is suitable where the plant is largo enough to allow of 
constant attention during operation, or an auto- 
matic apparatus is provided for regulating the flow 
of water over fixed frays of carbide. r l he gas, when 
liberated, passes out. of the generator into a washer 
fdled with water, which is regularly changed, and 
which cools the gas and removes soluble impurities. 
The gas passes thence into an adjustable gasholder, 
which forms a store, but which, with an automatic 
generator, is not necessarily of so great a capacity 
as to contain oven one day’s supply owing to the 
facility with which gas is generated. The gas is 
further purified on leaving the holder, the object 
being to remove gaseous impurities, and especially 
phosphuretted hydrogen ; this is accomplished by 
pasdng it through a substance known as paratylvne , 
arid from this chamber the supply pipe to the house 
is taken. A governor to regulate the pressure, which 
is otherwise variable, is usefully added, and the 
pipe first descends to a low level, from which it 
may rise regularly «to the house. At the lowest, level 
a small tube or container is fixed to catch any water 
flowing back from the service pipe, with a tap by 
which it may be emptied. The supply pipe is usually 
iron, and copper must not bo used for supply pipes 
or in fittings when it will come in contact with the 
gas. 

Service Pipes. The service pipes arc arranged 
as for ordinary gas supply as already described 
[page 5797], but the consumption of gas is very 
much less, and somewhat smaller pipes may be 
employed Great car# is required in making all 
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joints so as to prevent any escape of the gas, which 
has a sickly, unpleasant smell, and is, as already 
stated, highly inflammable. It is usually best to 
employ steam piping rather than ordinary gas 
piping, and to see that, the screwed joints are sound 
and made with the smallest possible amount of 
white lead, as joints that would be perfectly tight 
when ordinary coal gas is employed will permit the 
escape of acetylene. 

Acetylene Gas Fittings. The fittings 
used with acetylene gas may be high-class gas fit- 
tings or special fittings, the important point being 
to ensure absolute soundness in the joints and cocks 
to prevent the smallest escape of gas. The burners 
are of special form. The holes for delivering gas 
are very minute, and are arranged so that the gas 
jets from two holes impinge and produce a flat, 
flame; the burners are arranged on the Bunsen 
system, so that atmospheric air is mixed with the gas 
before combustion, and the most recent form of 
burner, introduced by Messrs. Bray & Co., over- 
comes a difficulty encountered with most older 
firms. This was that when a gas (lame was turned 
down the burner was apt to become carbonised, 
so that it was difficult to use a burner except at 
full power. 

The most usual sizes of burners are the following : 

Burner consuming Jt cubic ft. per hour, giving a 
light of fi’2 candles. 

Burner consuming J cubic ft. per hour, giving a 
light of 1 7 '•") candles. 

Burner consuming ;; cubic ft. per hour, giving a 
light of 35 candles. 

Hydrogen Gas Fittings. The fittings used 
for ordinary coal or hydrogen gas were briefly re- 
ferred to in the article on gasfitting [page 5707]. 
It is perhaps, hardly necessary to point out, that so 
far as the form of the fitting and its artistic treat- 
ment is concerned there is room for almost infinite 
variety, and such matters are regulated by indi- 
vidual taste, the money available, and the character 
of the building in which they are to be placed. 
But, whether the fitting bo a bracket, or a pendant, 
fixed or movable, of iron, brass, or copper, plain 
or elaborate, its main purpose is to provide at 
a suitable point in some room or hall a burner 
which will supply gas at a point where illumination 
is required. The number and disposition of lights, 
whatever the illuminant, requires careful considera- 
tion, and depends greatly on the use to be made of 
the particular chamber. The following table gives 
the appropriate amount of lighting that is usually 
considered requisite for various classes of building, 
hut this is subject to variation in individual cases, 
and, in particular, if the height of the fitt ing is varied 
from the normal position. 

This is a matter of considerable importance, for 
it must be remembered that tho illuminating power 
of any illuminant as affecting any object varies, 
not according to the distance that separates them, 
but according to the square of tho distance, and if, 
therefore, lights are fixed at an unusually high 
level, they must be much more powerful to produce 
the same effect at the floor level. 

Table showing light required for various purposes ; 

Per 1,000 sq. ft. area. 

County district roads \ candle power 

Towns (urban) 4 „ 

Cities and boroughs 10 „ 

Dwelling houses (principal room) 250 „ 

Cottages (principal room). . .. 150 „ 

Hospitals 50 to 100 „ 

Schools : 300 

Churches and chapels . . . . 300 „ 
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Gas Burners. The ordinary gas burner is for equal illumination there is, in spite of this 

arranged so as to produce a flat flame : the orifice outlay, a very great economy in the use of incan- 

is formed in a vory refractory substance, steatite , descent lighting, as compared with other forms, 

mounted in a brass holder provided witli a screw accompanied by a more complete gas consumption, 

by which it can be attached to any form of bracket An inverted incandescent burner may now be 
or pendant. The commonest form is known as obtained in which all the metal parts of the fitting 

a bat'd icing burner, and is formed with a thin slit arc above the mantle which, therefore, throws no 

in a conc-1 ike termination from which the gas issues ; shadow on a table over which it is placed, and in 

the slit union is somewhat similar, but the term ina- this respect attains one of the great advantages 

tion is spherical. The union jet has two small circular secured by most electric lamps, 

perforations from which the jets impinge and form Electric Lighting. Electricity has been 
a flat, slightly enp-shaped flame. None of these brought into service as an illuminant, competing 

ordinary forms of burners secure the complete with gas, and has many advantages to rccom- 

oombustion of the gas or the highest amount of mend it, especially for domestic lighting, in which 

illumination from that which is consumed, and incandescent lamps are almost invariably cm- 

they require fairly frequent renewal in order to ployed. Some of the principal of these are the great 

get satisfactory results ; but they are in all cases facility with which it is used, the light being turned 

inexpensive and easily fixed and renewed by the on and off by the movement of a switch, which 

householder himself, without calling in the gaslit ter. greatly conduces to the economical use of the 

Such burners are usually protected by glass or china light ; the absence of heat and all products of eom- 

globcs, and if placed within 3 ft. of a ceiling or bust ion, which in the case of all forms of gas light inir 

of any woodwork there should be a talc top fixed contribute to the vitiation of the atmosphere of 

over the globe, or a glass or metal bell fixed over rooms, t lie gradual destruction of decorations, and 

the light. In public institutions the flame is the blackening of ceilings; the safety from tin* 

often protected by a. wire globe secured to tin* where* the installation is well-executed, and which 

fitting, and this is a very useful precaution in the is effected bv the absence of all unprotected lights 

case of any swing bracket which might be swung and the absence of all use of matches for lighting, 
into contact with any inflammable material. To set against this is the increased cost of clcetrh 

Improved Burners. An improvement on **icy over gas for an equal amount of lighting, but 

the si m ijIc burner is one fitted with an economi. svr, this is a matter that depends very much upon th*. 

which is rcallv a second burner of greater capacity, way in which (lie installation is planned out and used, 

placed over the inner one. producing a larger flame Very great economics may result from the careful 

without a greater supply of gas, and securing more arrangement of fittings and proper provisions for 

complete combustion. Other burners are titled turning on and off the lights in a group separately or 

with some arrangement of governor, by which the in small groups. It should also be borne in mind that 

pressure at the burner is regulated, though the while the cost per candle-power is higher in the case of 

pressure in the service pipe is subject to flue- electricity, as compared with gas, it does not follow 

tnation ; there are several varieties of such burners that the cost per fitting is correspondingly as high, at 

on tho market. The Argund burner is one arranged any rate when comparison is made with an ordinary 

to produce a circular flame similar to that produced gas burner, as a very much more brilliant light is 

from the circular wick of an oil lamp ; the burner often obtained for which a higher price may pro- 

is circular in form with an airspace in the centre, perly be expected. When the great saving in the 

and a series of small apertures arc* formed from cost of redecorating work is taken into account, and 

which the gas issues, so that a ring of flame is pro- a little care is taken not to burn light wastefully, 

duced ; air has access to the middle part of the it is found in many cases that the cost of lighting 

flame, which is enclosed with a glass chimney, a house throughout with electricity is not very 

the diameter of which is considerably larger than greatly above that of lighting it by gas. Kleetricity 

that of the flame. is more readily produced than coal gas in small 

Incandescent Burners. 'Flic most strik- quantities, and is eminently suited for private 

ing innovation in the use of gas in recent years installations of moderate size, but tho attention 

has oeen the introduction of what are known as of a skilled mechanic is necessary, so that it is no! 

incandescent burners, which have, to a great extent, adapted for work of a very small character, 

revolutionised gas lighting. Jn these burners Wiring Buildings. Into the details of the 
gas is no longer used as the illuminant, but is system of wiring buildings it is out of place to enter 

employed as a heating agent to raise another here, as it is work executed by specially trained work- 

material to an incandescent condition, producing men, and is not carried out by the builder or bis stall ; 

a very powerful light, and when used in this way but it is desirable to point out that in the case of anew 

the gas may be mixed with atmospheric air, as in an building, when it is desired that tho wires should he 

ordinary Bunsen burner, and used to the greatest buried in the plaster, the special tubes of steel which 

advantage, with the approximate result that with are used for this purpose, and which are provided with 

a reduction of 50 per cent, in gas consumption the suitable junctions and access points, should be fixed, 

illuminating power is doubled. The best known if possible, before tho plasterer's work is executed, 

form of burner for the domestic purpose is tho Weis- If tho wiring is to be carried on the surface of the 
bach C. burner ; this consists of a burner producing walls in wood cases hardly any preparation for the 
a hot flame of the character described which electrician can be made by the builder, but he 

impinges on a mantle which is suspended directly must attend upon him, and cut away plaster, and 

over it, and which is heated and maintained by the other work where necessary, and make good, 
flame in an incandescent condition, producing a Elrctric light fittings show an equal variety inform, 
brilliant, illuminating surface. The mantles arc design, and cost, as do those for gas, and in the 

impregnated with thorium , and arc somewhat majority of cases these are fixed to wood plates or 

delicate, and their life is uncertain ; the burner is roses secured to walls and ceilings or to wood plugs 

also somewhat expensivo in the first case, and the concealed, and afterwards covered with metal or 

maintenance ot mantles is a considerable item, but earthenware roses or covers. 

Continued 
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P TE materials generally used as a base to support 
artificial teeth in the desired posit ion in the mouth 
have differed from time to time. The earliest form 
of denture was carved carefully from a solid block 
of ivory, either of elephant or rhinoceros tusk. 
The great skill and prolonged labour requisite, 
and the consequent expense involved by such truly 
artistic work, rendered dentures of this nature a 
luxury accessible only to the few; and, although 
many specimens which are preserved to this day 
are remarkable as showing what beautiful work 
could be accomplished by highly skilled craftsmen, 
they were necessarily ill-fitting and often of very 
limited durability. 

Working in Metal. I 'he invention of 
porcelain teeth fortunately afforded at once great 
possibilities to the dentist, and enabled him to 
supply artificial teeth to thousands who formerly 
were forced to dispense with them as best tln v 
could. Metal plates were now fitted to the palate 
and gums, and attached to the. platinum pins 
which had been fused in the substance of 
the porcelain during the manufacture of the teeth 
[7, page 5805]. These inventions tended greatly to 
the benefit of the public and to the advancement of 
dentistry, but an equally important step in the same 
direction w r as made when it was found to he possible 
to adapt the process of vulcanising india rubber to 
the manufacture of artificial dentures. The method 
of working with vulcanised rubber is described 
later on, the present description being devoted to 
the preparation of dentures with metal bases. 
Models of the upper and lower jaws having been 
obtained in plaster of Paris, and dried, and dipped 
in melted stearin, in the manner already described, 
the next step is to mark with a pencil lines which 
indicate on the model the shape and size of the metal 
plate to be used, and the extent to which the palate 
and gums are to be covered. The model shown 
in 4 has been marked to indicate the extent 
suitable in such a ease. A pattern of the plate is 
now obtained by cutting a piece of paper or a thin 
sheet of lead to the size indicated by the pencil lines, 
and pressed upon the model. The pattern is then 
carefully spread out in such a way as to avoid both 
stretching and tearing, and laid upon a sheet of 
gold, 18 carats fine, and of No. 7 gauge in thickness 
for the upper, or No. 9 for the lower. The lower- 
plate being of necessity narrow, many dentists 
prefer to make it of No. 7 gauge gold, attaching 
to it by solder an additional plate of No. 5 gauge, 
which is made to cover the points at which the 
strain will he greatest. With a pair of strong scissors, 
known as shears [8], the gold is cut to the size of 
the pattern, and we proceed to bend and strike it 
to the desired shape. 

“ Striking-Up.” For this purpose we need 
the metal dies ana counter- dies, the preparation of 
which has been already described. It is best to 
reduce with a file the length of the teeth which are 
standing upon the die in the case of the first die 
employed, m order to avoid splitting or tearing the 
gold, an accident which is liable to occur when the 
plate is first driven towards the shape it is to assume. 
The gold is then annealed — that is to say, it is heated 


to a dull red colour in the flame of a Bunsen burner 
or blowpipe, and then allowed to cool slowly. 
This inqiortant process, which renders the gold 
for a time soft and tough, and therefore makes it 
more pliable and less likely to split or tear, must on 
no account, bo omitted before any attempt is made 
to give the plate its pro]>er shape, and should be 
from time to time repeated during the striking-up 
process. 

The die is securely fixed in a strong vice 
firmly attached fo the work-bench, and the gold 
plate, being held lightly in the lingers of the left 
hand in ]K>silion on the die, is struck by a mallet 
composed cither of horn or wood, which is grasped 
in the right hand. The first aim of the mechanic 
must, he to drive the plate into the deepest |>ortion 
of the die, and this in the upper jaw will, of course, 
bo the palate ; and when the gold is fairly home 
in this direction, he will proceed to strike more and 
more towards the sides, gradually bending the plate 
over the ridges which correspond in the mouth to 
the bony margin of the jaw covered with gum. By 
following this method of procedure, he will avoid 
the double danger, first, of bending the plate oiit of 
shape by blows directed towards the deep parts at 
tuo late a stage ; secondly, of splitting the plate by 
force directed against gold unsup|x>rtod by the die 
and stretched between two fixed and supported 
points. 

Improving the Fit. When the plate has 
taken the general sha]x> of the model, and the 
little tongues of metal have been driven ap- 
proximately to the places they arc to occupy 
between the teeth, we proceed to improve, the fit 
by resort to the. counter-die in addition. The 
plate is held upon the die, and both are inverted 
upon the coimter-dic so that the latter receives the 
die in the. relation in which they were originally cast, 
the two being, however, now separated by the gold 
plate [5], The die is then driven home upon the 
counfer-die, either by striking it repeatedly with a 
heavy hit miner, or, preferably, by placing them 
between the plates of ft powerful press, or swager, 
as it is called, and gradually closing the latter. 

As a result of the striking with mallet and 
hammer, or the pressure of the swager, the first die 
and eounter-dic will have to some extent suffered 
in accuracy, tho mass yielding as a whole, and so 
spreading out horizontally, and in places being 
condensed and hardened by repeated blows. These 
two, therefore, since they no longer accurately 
represent the plaster model and the mouth, should 
he, abandoned, and the second pair substituted for 
them. The new die being in turn fixed in tho vice, 
the final fitting of the plate is obtained by striking 
the little tongues of metal more snugly into their 
places between the teeth by means of small wedges 
made of wood, hone, or steel, struck by the mallet. 
It will probably be necessary to remove a little of 
the plate in certain places where excess is obyious ; 
this is done by means of files and special nippers, 
cutting pliers, or shears [8]. 

Tho die, with the plate in position, is then again 
driven homo upon the counter-die either by hammer 
or swager, the third pair being used for the final 

6027 





DENTISTRY 


fitting of the plat**. The latter is now rarefully filed 
to the shape and size indicated on the plaster model. 

As a result of the heating and striking of 
tho ydute between the dies and counter-dies, the 
gold will be seen to have lost its lustre, and must be 
freed from the particles of baser metal which have 
adhered to it. This object is attained by warming 
the gold and placing it in a bowl containing hydro- 
chloric acid, which effectually dissolves and combines 
chemically with the zinc, tin. or lead particles, 
while leaving the gold uninjured. If it has been 
decided to employ clasps for the purpose of support- 
ing the plate and teeth 
attached in the mouth, 
these should now' be made. 

A clasp is a narrow band 
of plate gold, lfi carats 
tine, and of No. 8 gauge, 
or a length of gold wire, 
which should embrace a 
part of the circumference 
of the natural tooth to 
which it is to hold the 
plate in position, (told so 
tempered and hammered 
as to be springy should be 
employed, and the band 
should clasp the tooth at 
its widest part, ft is of 
so much importance that 
the clasp should tit the 
natural tooth closely and 
accurately that it is belter 
to obtain a pattern in 
sheet-lead in the manner 
described above, and to 
use this as a guide in cutting 
the gold plate to the size required for the clasp. 
In this manner also unnecessary waste of metal 
will bo avoided. Tho piece of gold of the re- 
quired size is then bent to lit closely round 
the tooth. The bending is elfected by means of 
small pliers, of which a variety should be kept, 
some having fiat jnw r s, some with one jaw rounded, 
some with both jaws rounded and having a conical 
shape [9J. The clasps having been placed in position 
on the teeth of the model, the metal plate is then 
fitted to them by filing the. plate away where it 
impinges upon the clasps until it only just touches 
the latter when accurately in position. With a 
drop of wax the bands are then attached to the 
plate, and wo may proceed to make this attach- 
•inent permanent by soldering. 

Soldering. Solder for dental purposes is 
an alloy of gold, prepared by mixing the latter with 
silver and brass in varying proportions. It is 
employed in many of the processes of dental 
mechanics, the purity of the alloy varying in 
accordance w r ith the purpose for which it is used ; 
hut, seeing that in every ease the object is to attach 
two pieces of metal together, it is obvious that a 
solder whose melting-point is lower than that of 
cither of the metals or alloys to be united should 
always he employed. The* plate and bands being 
composed of IS and 10 carats gold, it will be best to 
use solder which is 14 carats; for, although an expert 
in the use of the blowpipe is capable of uniting 
alloys of the same degree of purity, there is always 
a serious risk of melting the band or plate rather 
than the solder unless tho latter melts at a heat 
distinctly less than the melting-point of the plate. 
A suitable solder for tho purpose can be made by 
fusing together 24 parts of gold 18 carats fine, 2.j 
pafrta of coin silver, and 3J parts of brass pins. 


In order to keep the clasps closely opposed, and 
in their right relation, to the plate, it is necessary to 
surround them with an investing material, which, 
unliko the wax employed temporarily, is not 
affected by the heat requisite for soldering. Somo 
fine sand and plaster of Paris, in the proportion of 
two of the former to one of the latter, is mixed 
with a little water in the manner described for 
easting models in plaster. Some of this is placed 
upon the work- bench, and the plate, with its clasps 
attached with wax, gently pressed into it, so that 
the investing material, being carried up the outer 
side of the clasps, may hold 
them firmly in position 
w hen the sand and plaster 
shall have set. 

The plaster having set, 
a little boiling water is 
poured upon the w T nx to 
detach it from its position ; 
any exposed points of the 
clasp which it is important 
not to cover with solder, 
or which are in danger of 
being melted, are painted 
with whiting; and the sur- 
faces which arc to be united 
are painted with a little 
borax and water, which 
will act as a llux and thus 
encourage the solder to 
flow to the proper places. 
'Hie piece of work is then 
placed upon a Suitable wire 
frame and suspended over 
the fin me of a small gas 
stove or burner [10]. Slowly 
heated in this way the uncombined water of the in- 
vesting material is gradually driven off in the form 
of steam, and thus prepared, tho work may be safely 
subjected to the fiercer heat of the blowpipe. 

To be able to solder successfully with tho blow- 
pipe is a somewhat difficult accomplishment, and 
the' young mechanic will find that he acquires the 
necessary skill only as tho result of long practice. 
The use of the blow r pipc plays, however, so large 
a part in his work that it is of great importance 
that he should make himself acquainted both wilh 
the principles which govern tho process and the 
practical methods of its use. The blowpipe, then, 
serves a double purpose in that, in tho first place, 
it enables us to ensure a' more rapid and complete 
combustion of the coal-gas employed, owing to the 
stream of air which becomes mixed with the gas; 
and, in the second place, it enables us to direct 
and confine the heat to any small area as may be 
desirable. The first advantage puts at our disposal 
a fiercer heat than can be obtained with a simple 
gas jet or Bunsen, burner, while the second enables 
us to bring about tho melting of the solder, and, 
since properly flowing solder will always run to the 
hottest points, to carry the solder to tho points 
wliero it is required. 

The Modern Blowpipe. It is becoming 
more and more common to employ the ingenious 
mechanical blowpipes controlled by taps and 
supplied with air by means of the foot-bellows. 
These possess certain advantages over the earlier 
methods as well as being much easier to use ; but it 
is important that the young mechanic should 
acquire skill in the use of the mouth blowpipe, as 
it not only provides a more thorough training in the 
soldering process, but also renders him independent 
of the mechanical blowpipe, which may not always 
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be available. The mouth blowpipe is a simple pipe 
of brass with tinned .ends gradually tapering towards 
its point, two inches from which it is bent into a 
gentle curve, while the end which is to be taken 
into the mouth should be coated with sealing-wax. 
A stream of air can thus be directed against the 
Hume of a small gas jet, and a slender and pointed 
blue flame played upon the metal where necessary. 
To give the best results, the stream of air should 
be continuous, and much practice is in some cases 
necessary before the mechanic can acquire the habit 
of taking breath in by the nostrils while the cheeks 
are constantly forcing the air through the pipe. 

The Blowpipe at Work. Whether the 
mouth blowpipe or one of the mechanical forms 
referred to be employed, the method of pro- 
cedure is essentially the same. Small pieces of 
solder coated with borax are placed by means of 
line tweezers upon the parts to ho united, and the 
flame of the blowpipe allowed to raise the heat 
equally throughout. The flame is then directed 
to the particular points to be soldered, and at first 
most intensely upon the solder itself. When this 
is seen to melt, it may be, as it were, drawn by the 
flame to its proper place, and the flame ‘then 
suddenly withdrawn. The work is now dropped 
into a basin to cool it, the investing material 
removed, and the plate, with its clasps attached, 
cleansed once more with hydrochloric acid. 

At this stage the plate should be tried in the 
patient’s mouth in order to ascertain whether it 
fits accurately, anti whether the clasps have been 
attached in proper position. At the same time 
the dentist ascertains what is to be the relation 
of the jaws to each other: this process is known 
as “ taking the bite/’ and will be. described at 
greater length in due course. 

The dentist at the same 
time selects artiiicial teeth 
suitable to the ease, and 
indicates upon the model 
the line which corresponds 
to tlio middle of the face, 
as a guide to the mechanic 
when he sets up the arti- 
ficial teeth. In the work- 
room the next step consists 
of fitting the teeth to the 
plaster model and backing 
the teeth. 

Backing the Teeth. 

To effect this, a piece of 
gold plate 18 carats fine 
and of Mo. 5 or 0 gauge is 
taken and perforated in two 
places by means of a 
specially designed pair of 
perforators [8] in such a 
way that the two pins of 
the artificial teeth can be 
passed through the plate so 
that the latter may lie 
flat upon the back of the 
tooth. Ia this position the outline of the tooth is 
marked upon the gold by means of a sharp-pointed 
steel instrument, and the x»icce of gold corresponding 
to these marks carefully cut out with the shears. 
This piece of gold, which is called the backing, is 
then carefully fitted to the tooth with fine files, 
so as just to reach the edge of the tooth on all sides, 
and the edges of the backing neatly bevelled with a 
file so as to leave the work nicely finished off. 
The platinum pins are then either bent over or 
out short and riveted— that is to say, the points 
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flattened out over the gold— either method resulting 
in securing the backing to the porcelain tooth. 

The teeth backed in this way are now accurately 
fitted to the model, and the gold plate filed away 
to accommodate the teeth until the backing and 
plate just touch when the teeth arc in position. 
They are then secured to the plate with a little wax. 
and the work again tried in the. mouth to see 
whether the teeth are in proper line and position. 
Thus connected, the work is again invested, the 
second investment being brought up over the 
exposed parts of the porcelain teeth, but leaving 
the backing accessible to the flame. 

When the investment has set- and the wax has 
been removed with boiling water, the work should 
be very gently heated over the gas-burner, and the 
needful parts painted with borax ami covered with 
solder, which is then melted with the blowpipe. 
The greatest care has to he exercised in order to 
avoid rapid heating or cooling, or strongly heating 
any part before the whole of the work is thoroughly 
heated, or the intrusion of any dust or dirt, since 
any such accident as these is likely to result in the 
cracking of one or more of the delicate porcelain 
teeth. The six or eight anterior teeth may bo 
treated in this manner, but for the back of tho 
mouth broad, flat-topped teeth should be used, 
attached by one or other of two methods. 

Obtaining a Good “Articulation.” The 
first method consists of the employment of specially 
prepared solid porcelain teeth, which are perforated 
in the middle by a canal lined with platinum. These 
teeth are fitted down to the plate by grinding them 
on the lathe, the canal being slipped over a stout 
gold post, which is secured to the plate with solder, 
'flic other method consists in tH attachment of 
shallow porcelain teeth 
with two outer surfaces 
only [7] by means of vul- 
canite. Whichever method 
be adopted, the broad chew- 
ing surfaces of the tooth 
should be made to oorre* 
s|wnd to and fit accurately 
against the teeth of the 
opposing jaw. This process 
is described as obtaining 
a good “articulation.” The 
actual work having l>oon 
completed, it remains only 
to smooth and finish the 
eases so as to render them 
agreeable and non- irritating 
to the mouth. This is done 
by the successive use first 
of files, beginning with a 
fairly rough one and passing 
to smoother as the worker 
progresses, then of sand- 
paper, coarse and fine, then 
of water-of-Ayr stones, 
which are rubbed, on the 
plate to obliterate fine 
scratches and file marks, then of pumice and soap, 
and, finally, of rouge or whiting carried on brushes, 
which are revolved by means of a lathe. 

Working in Vulcanite. Vulcanite as a 
base for artificial teeth offers, certain advantages 
which are sufficient to determine in many cases the 
dentist's choice in its favour in preference to gold 
or other metal plates. The fact that the shaping of 
the metal plates entails the use of dies and counter- 
dies, obtained from tho actual*model, of necessity 
introduces an element of inaccuracy into the work, 
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since the peculiar changes in shajxs and size under- 
gone by the metals during heating and cooling must 
tend to prevent the perfect fitting of the plate. 

Vulcanite, as will be seen from the description 
which follows, is applied in a plastic form to the 
original model, and hardened in position. One would 
expect, therefore, that, as a general rule, it would 
be possible to obtain with if a more accurately 
fitting base than a metal plate cun be ; and this 
conclusion is quite justified by actual experience of 
the use of vulcanite in practice. Another advantage 
which vulcanite possesses, and one which renders it 
especially beneficial to the public at large, is that 
it demnrids considerably less skill and the expendi- 
ture of less time than is necessary for the manu- 
facture of metal plates. For this reason, and because 
the material itself is less costly than gold, it is 
especially adapted for patients who would lind the 
fee charged for a large gold plate prohibitive. 

Though distinctly less durable than gold, vul- 
canite possesses the additional advantage of being 
more easily altered or repaired ; but it is not suffi- 
ciently strong to bo safely employed when the 
exigencies of the case demand, as they not uncom- 
monly do, that the base shall he quite thin. The 
ease with which vulcanite work of an inartistic and 
inferior kind ean he done renders it liable to abuse; 
but, to employ it to its best advantage, the mechanic 
should be thoroughly familiar with the details of all 
the processes involved, and should understand 
something, at- any rate, of the chemistry of this 
substance and the principles governing its employ- 
ment. 

Preparation of Vulcanite, Vulcanising, 
then, is the name given to the process by which 
india-rubber is converted into a hard substance, 
which is called vulcanite. For dental purposes, 
india-rubber or caoutchouc is supplied already mixed 
with sulphur and rolled out into thin sheets for 
convenience in working. It is generally coloured 
also by the addition of various substances, such as 
vermilion (red), vermilion and zinc oxide (pink), 
or ’ivory black (7j. It is to the; presence of the 
sulphur that the india-rubber owes the change 
which takes place when the mixture is heated. 

It was at one time generally believed that tho 
change was ouc purely of physical character, the 
sulphur incorporated with the rubber melting under 
the influence of the heat, and, having become 
thoroughly mixed with the softened rubber, again 
solidifying when it was allowed to cool. There are, 
however, good reasons for believing that this is 
not the truo explanation of tho change which takes 
place, and it is far more probable that the process 
should he regarded as essentially a form of distilla- 
tion comparable to that by which wood, heated in 
the absence of air, is converted into illuminating gas, 
paraffin, pitch, and pyroligneous acid. 

India-rubber is composed solely of carbon and 
hydrogen in the proportion represented by the 
formula C, (i H r ; when heated in tho presenco of 
sulphur, some atoms of hydrogen are separated and 
combine with the sulphur to form the gaseous 
compound hydrogen sulphide, represented by the 
formula H U S, which possesses the characteristic: 
odour of rotten eggs. The gas becomes dissolved in 
the water in which the rubber is heated, and can 
easily be detected after a rubber base has been 
vulcanised for dental purposes. Vulcanite, which is, 
therefore, the solid substance resulting from the dis- 
tillation of caoutchouc in the presence of sulphur 
and under pressure, is, chemically speaking, of a 
resinous nature. When properly prepared, it is a 
flOlid, firm substance, sufficiently strong to with- 
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stand the ordinary force of mastication, but easily 
cut with files and sharp steel instruments. It is 
insoluble in water, tho saliva, alcohol, and the 
strongest caustic alkalies, and is only acted upon 
by strong mineral acids if kept boiling in them for 
a prolonged period. 

The Vulcaniser. It can be softened by heat 
of the degree of boiling water, and at a still greater 
heat is combustible, and burns with a strong odour 
of sulphur. For dental purposes it is found most con- 
venient to heat the rubber in a closed oven, called 
a vulcaniser (12], of somewhat peculiar shape, which 
is lialf-lilled with water and heated by means of a 
small Bunsen burner. Water is used for two reasons : 
first, because in the form of steam it diffuses and 
equalises the heat and pressure ; and, secondly, 
because it readily takes up the hydrogen -sulphide 
gas, which is formed during the process of vulcanis- 
ing. Should this gas he unable to escape into the 
water, there is a distinct- danger that it will make 
the vulcanite porous, s^wmgy, and brittle, and so 
definitely injure it. This is a matter of much 
importance, and relates chieliy to the subject of the 
degree of heat and the rapidity of heating required. 

Experience teaches that the complete vulcanisa- 
tion of rubber takes place most satisfactorily at a 
heat of about 320° F., and that the heat should he 
gradually raised to this point. Probably the best 
results are. obtained when the rubber is baked for a 
prolonged time at different and moderate tempera- 
tures, and with this end in view the vulcaniser should 
lie kept for half au hour at 250° F. and 300° F. 
respectively, and for one hour at 315° F. It is, how- 
ever, generally inconvenient to allow so much time 
for the process, and good results are obtained by 
following the plan more usually adopted. Half an 
hour is spent in gradually raising the heat to 3 iff 0 F., 
and then for one hour and a quarter this heat is 
steadily maintained. The gas is then turned off, and 
the boiler allowed to cool, vent being given to the 
steam which has formed by opening a small pipe 
controlled by a screw- tap. 

Vuleanisers should he strongly made of the best- 
materials, and handled with great care and a strict 
observance of detail in their management. They 
should have a safely- plug of soft metal and an 
accurate thermometer attached to them, or, better 
still, should be titled with a pressure-gauge con- 
nected with an apparatus for reducing the supply of 
gas to the burner when the pressure of the steam 
has attained a force which corresponds to the tem- 
perature it is desired to employ — 315° F. roughly 
corresponds to SO lb. pressure per square inch. 
In the manufacture of a set of artificial teeth 
•mounted upon a vulcanite base, tho first process 
consists in “taking the bite.” 

“ Taking the Bite." A thin sheet of modelling 
composition is warmed over the flame of a Bunsen 
burner or in hot water, and carefully pressed down 
upon the model, whcli has previously been dusted 
with French chalk to prevent too close adhesion of 
the composition. Tho latter is then trimmed off with 
a. hot knife until its margins correspond to the lines 
upon the model by which the size and shape of the 
plate have been indicated. Thick blocks of wax 
are then built up on the composition base along the 
ridge which is subsequently to be occupied by the 
teeth. Both upper and lower models having been 
treated in this manner the composition and wax 
are gently heated, and the two plates inserted in the 
mouth, the patient being then instructed to close the 
jaws together in tho natural way. The mid-line oi 
the face having been marked upon the wax as a 
guide to the mechanic who is to set the teeth in 
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position, the dentist then removes the two plates 
with the wax edges adheirng together. These are 
placed upon their respective models, which, with the 
wax plates still adhering, are fixed in a hinged 
apparatus with two limbs, one being for the attach- 
ment of each model [11]. There are several varieties 
of this kind of simple apparatus, called an articu- 
lator. When the hinge is ojiened and closed we have 
a rough representation of the opening and closing of 
the mouth, and are thus enabled to place the teeth 
in such a manner that the two sets shall meet each 
other as they would in the mouth. The “ bite ” 
having been obtained, we proceed to the 
next- process — setting up in wax. 

Setting Up in Wax. The wax 
blocks are removed from the composition 
plates, and as much of the latter re- 
moved as will allow of the artificial teeth 
being placed in position. Such clasps as 
may be deemed necessary for the ease, 
having been bent to shape, are. attached 
in proper position to the composition base 
by wax. Starting from the middle of the 
mouth, we proceed to fit the two upper 
central teeth to the model, or, if it is 
decided to reproduce in vulcanite gum 
which has been lost, to embed the necks 
of the teeth in wax placed upon the com- 
position base to the required height. Next, 
the laterals are placed in position just 
beyond the centrals, and the canines next 
to the laterals. As each tooth is fitted to 
its place platinum pins are bent with fine 
pliers, and secured to the base with wax. 

The six anterior teeth of the upper jaw 
being set up, we proceed to treat the lower- 
jaw in the same manner, keeping the 
models in the articulator, and so arranging the 
teeth that the lower ones close for one third 
of their depth immediately behind the upper. 
We thus obtain an imitation of tbe natural state 
of things, a seissor-like arrangement adapted to 
biting off particles of food ; and, again imitating 
Nature, wo proceed to place the; fiat- topped back 
teeth in such a way that the corresponding teeth 
of each jaw meet surface to surface to allow of the 
grinding of food, which constitutes mastication. 

The back teeth have been spoken of as “ 11 a t- 
topped ” to distinguish them from 
the sharp-edged teeth in the front 
of the mouth, but the back teeth 
really present a number of cusps 
or prominences on their masticating 
surface with corresponding depres- 
sions, and to obtain an efficient 
articulation the teeth should be so 
arranged that cusps lit into depres- 
sions in the teeth which oppose 
tnem, while the sides of the cusps 
glide upon one another. Generally 
speaking, it may be said that the 
cusps of the upper teeth should fall outside 
and in front of the corresponding cusps of 
the lower teeth. The cases set up in this 
way are nicely finished off by adding wax and 
trimming away excess with a hot knife, and the 
dentist then places them in the mouth in order to 
see that the fit, appearance, and articulation arc 
satisfactory before the cases are finished. Thus 
corrected, the cases are then submitted to flasking. 
t Flashing. The flask is a metal box of such a 
aisfc *6 conveniently to contain one of the sets of 
teeth upon it# model, which may be reduced in thick- 
ness (la). Several forms are used whi°h differ in 
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some more or less important details. The two 
main varieties are those composed of three and two 
parts respectively. The former has certain advan- 
tages, the chief of which consists in the faot that 
with its use there is less risk that the vulcanite will 
alter its shape while in the boiler. To manipulate 
it, however, requires rather more time and trouble, 
anil since, with care, good results can generally 
be obtained with the two-part Ilnsk, the latter has 
remained the favourite with meehanics, largely 
owing, it is probable, to a natural tendency towards 
conservatism in methods. 

Kaeli set has now to be invested in a 
flask. For this purpose a quantity of 
plaster of Paris is mixed in a basin and 
poured into the lower part of the box, which 
is composed of two nearly equal parts. 
The lower part being half-tilled with plaster, 
the set of teeth upon its model is sunk into 
it, when more plaster is added, until the 
latter extends to the edge of the tlusk, and 
to the margins of the wax and composition. 
It is then trimmed off smoothly, and 
allowed to set. When hard it is painted 
over with a little oil or a solution of soap, 
which effectually prevents other plaster 
from adhering. Fresh plaster is then mixed, 
a portion placed over the case and plaster 
in the first half of the flask, and the second 
half completely tilled. The two parts are 
then fitted together, and the whole placed 
between the plates of a vice or press and 
driven home, the excess of plaster being, 
by this method, pressed out from between 
the two parts. 

When the plaster has set, the excess is 
removed from the flask with a knife, and 
the flask is then placed in an oven and slowly 
heated to a temperature approaching t hat. of boiling 
water. Thus heated a few taps of a wooden 
mallet upon the sides of the flask will suffice 
to separate its two parts, since the oil or soap 
applied as described effectually prevents the adhe- 
sion of the two surfaces of piaster, while the heat 
lias melted the wav, which, if firm, might hold the 
parts together. Boiling wafer is now poured 
upon th(' sin face of each half of the llask in order 
to remove thoroughly the softened wax. and, this 
being effected, the llask is returned 
to the oven tq be again thoroughly 
heated. The specially prepared 
india-rubber for vulcanising is then 
cut into suitably sized pieces for 
packing. 

PacKing, The sheet of india- 
rubber is, therefore*, cut into pieces 
of a variety of shapes and sizes, 
which are placed upon the upjier 
surface of a kind of pan containing 
water, in order that the pieces 
may be sof timed, and so capable 
1 to place in the flask. 

It follows from the method of flasking the case 
which we have described that the artificial teeth 
which were placed in the first or lower half of the 
Hask attached to the composition base by means 
of wax, w ill now be embedded— so far as their outer 
surfaces are concerned — in the plaster of the second 
or upper half f 14]. Here, then, they are held in an 
inverted position in the roughly horseshoe-shaped 
curve in which they have been placed, with their 
backs, from which the bent pins project, facing 
towards the centre of the flask. 

The lower part of the flask contains the model 
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and presents a duplicate of that part of the palate and 
jaws which the plate is to cover. When the two 
halves of the flask are united there remains an 
irregularly shaped space between the two surfaces 
of the plaster. This space represents the base in 
which the teeth are to be supported and embedded ; 
and the object of “ packing ” is to accurately fill 
this space with rubber, which can be subsequently 
vulcanised. The upper part of the flask containing 
the inverted teeth should he taken first, and, having 
been carefully heated, is steadied upon the bench wit h 
the left hand, which should be protected from burn- 
ing by means of a thick duster wrapped round the 
flask. In each hand the mechanic holds a steel 
instrument called a “ packer,” with a. blunt point 
or narrow blade as preferred, and with these lie 
places and p* esses into position the small pieces 
of heated india-rubber. 

The Use of Rubber. Pink ni bber should be 
carefully packed round the necks of the inverted 
teeth and carried into the cracks which extend down 
between neighbouring teeth. Fn these situations 
pink rubber is used because its appearance is dis- 
tinctly more natural ; in places where the vulcanite 
will not be apparent red rubber should he employed, 
as it possesses greater strength than the pink, in 
which the rubber has to be mixed with two pig- 
ments. The pink rubber, therefore, having been 
packed into such places as demand it, we proceed 
to tuck small pieces of red rubber around the bent 
pins of the teeth, in order to securely attach the 
teeth to the vulcanite base, and to extend the 
covering of rubber from this point over the parts 
corresponding to the jaws, and, if the ease be in- 
tended for the upper jaw, to the palate. 

When it is believed that sufficient rubber has been 
applied, both parts of the flask are again carefully 
heated, a piece of wet calico laid upon the lower 
half, and the two halves united and driven home in 
the vice. On again separating, it appears cither 
that sufficient rubber has not yet been packed upon 
the plaster, or that too much has already been added. 
These deficiencies having boon corrected, either by 
adding fresh rubber or bv removing the excess by 
means of a hot knife, little groove's arc cut in the 
plaster to receive any further excess that may be 
present, and the flask finally closed in the vice and 
secured by means of bolts fitting into holes with 
which the flasks are made, or by means of a clamp 
surrounding the whole llask. The flask is placed in 
the vuloaniser, which is then half-tilled with water, 
and securely closed with special screws. The gas 
burner having been lit and placed under the vul- 
enniser, the process of vulcanisation is carried out 
in the manner already indicated, and the whole 
allowed to cool down. 

The plaster of Paris undergoes a peculiar change 
as the result of being heated in this manner in the 
presence of steam. When the. flask is opened the 
plaster is found to have become a sodden mass, 
which can be readily broken away from the vulcanite 
in large pieces, and finally cleaned of! with a tine 
brush. The final process in preparing a vulcanite 
ease consists of filing and polishing. 

Filing and Polishing. After vulcanising 
in this manner, there wfill be at several points 
inequalities in the vulcanite and small pieces of 
rubber in excess which have been pressed out when 
the flask was finally shut down. These have to be 
removed, and the ease reduced to its proper size and 
shape by means of files, of which rough ones are 
first employed, followed by others with finer teeth. 
The next step is to remove the excess of vulcanite 
w&ieh is found in the spaces between the teeth and 


around their necks. For this purpose a small tool 
of chisel shape with a sloping edge is employed, and 
with this the vulcanite is trimmed off around th<* 
teeth until the latter appear with a festooned edge of 
vulcanite closely resembling the arrangement of 
the gum and the natural teeth in the mouth. The 
whole surface of the vulcanite is then scraped with 
sharp-edged, spoon-shaped steel instruments of 
various sizes. 

Thus reduced to a suitable thickness which gives 
Ibe ease sufficient strength without making it. too 
cumbersome to be worn comfortably, the vulcanite 
is thoroughly rubbed with sandpaper or glass, 
paper, a coarse grade being followed by finer grades, 
and the case is then ready for polishing. For this 
purpose it is held against a stiff-bristlod circular 
brush revolved upon the head of a lathe, which is 
worked either by electric power or treadle. This 
brush is fed with a mixture of pumice-stone and soft 
soap, and the final gloss is given with a softer brush 
carrying whiting or rouge. The ease, having been 
thoroughly cleansed with soap and warm water, is 
then ready to be placed in the mouth of the patient 
and finally adjusted to the jaws |17|. A new ease* 
generally requires some little attention after being 
worn for a few days before it can be borne com 
fortably upon the gums, and before the teeth 
accurately close against those of the opposite jaw. 

(told and vulcanite are the two principal materials 
employed as a base for the support of artificial teeth, 
ami the main principles which govern the methods of 
working with these materials having been dis- 
cussed, it only remains to refer shortly to such other 
materials as arc also used, and the principal modi- 
fications in method which tlieir tug 1 entails. 

Gold and Vulcanite Combined. It is 
frequently of advantage to construct a denture 
partly of gold and partly of vulcanite, thus taking 
advantage of both the strength which the gold 
confers upon the case and the easy adaptability of 
the vulcanite. 'This kind of denture commonly takes 
the form of a gold plate, to which the clasps and 
front teeth are attached by solder in the manner 
already described, while the grinding teeth me 
attached to the plate hv means of vulcanite. To 
secure the vulcanite a firm hold upon the gold plate, 
it is best either to solder narrow loops of gold to 
the plate, or to perforate the latter at several points, 
leaving the tags of gold thus made as holdfasts. 1* 
will be obvious that it will be necessary to complete 
all the necessary soldering before beginning to 
vulcanise, since the great heat required by the 
former process would utterly destroy the vul- 
canised rubber. This being borne in mind, there 
should be no difficulty in making such combination 
dentures. In many eases a narrow strip or length ot 
gold wire placed in the body of the vulcanite while 
it is being packed will be sufficient to give tin* 
requisite strength. 

Dental Alloy. Dental alloy is an alloy of certain 
metals the precise nature and proportions of which 
arc a proprietary secret, but it is known that there 
is a large proportion of silver and a small quantity 
of platinum. It possesses two advantages over gold 
in that it is slightly cheaper and, since it fuses at a 
higher temperature than gold plate 18 carats fine, 
it does not require such delicate handling during the 
soldering process. It is, however, distinctly less 
durable than gold, and often becomes discoloured 
in the mouth. Like the alloys already referred to as 
amalgam filling materials, it is decidedly capricious 
in its behaviour, and it occasionally happens that 
such a plate becomes cracked in an unaccountable 
way, or that a tooth or band is found to he 
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ineffectually soldered. Nevertheless, dentiil alloy, 
owing to the advantages mentioned, may be usefully 
employed in a number of eases. The molar teeth 
ure generally attached with vulcanite. 

Celluloid. Celluloid has been employed as 
a base for artificial teeth, and although it has not 
been extensively used in this lountry, 
and has never been generally popular with 
'English dentists, the mechanic and student 
should, at any rate, make themselves 
familiar with the general principles which 
govern its use for the purpose. The model 
should be made of the best- quality of coarse 
builders’ plaster, and carefully dried so as 
to be as hard and strong as possible. The 
case should beset- up in wax, flasked, and 
treated as if for vulcanising. 

A piece of celluloid of approximately 
accurate size should be softened in hot 
water and placed in the llask, and the 
whole gradually heated in a special oven 
containing dry or moist air, steam, or oil, 
and fitted with a press which can he 
gradually closed, thus forcing the softened 
celluloid into position and pressing excess out into 
grooves rut in the plaster. Thus made, very slowly 
cooked and carefully polished, celluloid rases have 
the advantage of being light, comfortable to the 
tongue, of good appearance, and clean in manufac- 
ture. They arc, however, somewhat, liable to war]), 
and do not wear very well. 

Porcelain WorK. Very beaut i- 
i ul effects can be obtained by reproduc- 
ing lost gum with fused porcelain of a 
natural gum shade and markings, in 
place of the vulcanite or celluloid 
already discussed. For this purpose it 
is necessary to employ a plate of 
platinum as a base, attaching bands 
with pure gold or gold and platinum as 
a solder. A narrow strip of platinum i: 
to the plate, so as to run along the top of the ridge 
of the jaw, and is attached to the plate by solder at 
a number of points. 

The porcelain teeth are then fitted in position 
and the pins so bent as to grip the nanow band 
referred to, to which they are 
then soldered. Powdered por- 
celain is then mixed with 
alcohol or water, and laid on 
the plate, care being taken to 
pack it carefully into the in- 
terdices between the teeth and 
around the pins. The required 
contour having been in this way 
built up, the piece of work is 
then placed in the furnace — the 
electric, furnace preferably as 
being cleaner and more reliable 
— arid the porcelain carefully 
dried and then fused. More, 
porcelain is added, and again 
fused, and, linally, the specially 
coloured pink porcelain is laid 
upon the front of the case and 
carefully carved with suitable 
instruments, until its surface 
resembles the natural gum not 
only in colour but also in form. The 
then finally fused and polished. Such is the most 
beautiful form of denture which it is possible to 
obtain, but it unfortunately possesses several dis- 
advantages, the most important of which are its 
heaviness, its brittleness, and the difficulty in its 
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construction and repair. While dealing with the 
subject of porcelain, it- will he well to refer shortly 
to the process of fusing porcelain to be inserted 
into cavities of the natural teeth, as this work is 
often carried out in the work-room. The dentist 
takes a small piece of gold or platinum foil, and 
presses it into the cavity of the tooth until 
it forms a complete and accurate lining of 
the cavity, lie then withdraws it, and 
places it with its concavity upwards imon 
a little platltium tray containing freshly- 
mixed powdered asbestos and water. Set 
in this the gold mould is prevented from 
altering its shape, and may then he tilled 
with a paste composed of powdered por- 
celain and water, so built up as to restore 
the lost- part of the tooth. The tray and 
its contents are then placed in the electric 
furnace, and gradually heated until the 
porcelain is fused. More porcelain has 
generally to be added and linally fused. 
The gold is stripped off, and the porcelain 
linally trimmed to shape. 

Crowns and Bridges. Tit dental 
practice cases arc met with somewhat frequently in 
which one or more teeth arc found to he so exten- 
sive! v deeayed that the insertion of a durable filling 
material is out of the question, and choice has to bo 
made between two alternative methods of treat-- 
Such a tooth may be extracted, or it- may 
be possible to reduce the whole tooth 
to the gum-level and then attach to the 
stump which remains an artificial tooth 
of the shape, size, and appearance of 
the part which has been lost. When 
several such teeth remain in the mouth 
with toothless spaces between them, it 
is sometimes possible to attach arlilieial 
teeth to the slumps and, using them 
as supports, to attach to then ot'.er 
arlilieial teeth which lit into the spaces. Single and 
combined structures of this kind are called respec- 
tively crowns and bridges. 

A great deal of nonsense appears in printed 
advert isements which profess to set fo*Th the ad- 
vantages of this kind of work. These atl- ich- 
ments are re- *om mended to the 
public as “ artificial teeth with- 
out plates,” and attention is 
drawn to the advantages which 
these possess as compared with 
what- are described as the “old 
fashioned” plates. Frown and 
bridge work has on this account 
been very much abused. 

The choice of cases suitable 
for this kind of attachment, and 
its proper construct ion demand, 
perhaps, greater judgment than 
any of her opera t ion in dentistry ; 
and it should be clearly under- 
stood that slovenly or unskilful 
work of this kind, or faulty 
judgment in selecting eases, is 
capable of doing more havoc to 
the patient than almost any 
other error in carrying out the 
principles of dental surgery. In 
the majority of eases the attachment of a (Town 
involves the removal of the nerve and the insertion 
of a metal ]K>st into the canal. This operation, if 
improperly performed, may cause abscess and even 
serious disease of the jaw'-bone, while, many bridges 
which have been faultily constructed or badly 
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inserted are utterly insanitary and, in addition, 
destructive to such natural teeth as remain. 

Preparing the Root. In the construction 
of these attachments the dentist first prepares 
the root for the reception of the crown. This 
involves cutting the root with stones until it is 
cone-shaped and short enough to allow the crown 
to rest u|)on it without being in the way of 
the opposing teeth, and generally also involves 
the destruction and removal of the nerve. This 
Iwing effected, he secures an impression of the 
root in either plaster of Paris or modelling com- 
'position, and from this the mechanic prepares 
a model upon which much of the subsequent 
work is carried out. The mechanic first l>ends 
a piece of metal plate of 22 carats fin if No. 

4 gauge and about in. broad , so as to form 
a clasp which completely surrounds the root. 
This, being accurately fitted upon the model, 
is finally adjusted in the month, and 
the two ends then soldered together 
with solder of a high grade, 18 carats 
fine, for instance, to prevent unsolder- 
ing during subsequent work. This 
gold ring, which is called the collar, is 
then placed in position upon the root 
and so reduced as to extend evenly all 
round for about in, beneath the 
gum, and so as to be clear of the op- 
posing teeth when the mouth is closed. 

Some hot modelling composition is 
then thrust into the collar in position 
on the root, and the patient directed 
to close the teeth together. The whole 
being removed, a model represent- 
ing the root to be crowned, with the 
gold collar in position, and a model 
representing the opposing teeth, can 
then be obtained in plaster of Paris, 
and the two held in proper relation 
to each other by means of a small 
form of articulator. The next step 
is to hammer and swage a piece 
of gold plate into a steel counter-die 
representing the mastic \ ling sur- 
face of a natural tooth of similar 
size to the one to be reproduced. 

A numl>er of such counter-dies 
should be kept in stock, represent- 
ing a variety of shapes and sizes. 

The piece of gold thus shajied 
should have solder 14 carats fine 
melted into the concavity of the 
CUBps, and then be fitted u|)on the 
free edge of the collar. This being 
effected, the collar is removed 
from the model, its edge painted 
with borax and water, then care- 
fully held by means of wire in right 
relation to the gold cusps, and the whole held in the 
flame of a Bunsen blowpq>e until the two parts are 
united by solder ( 15]. When this has been fitted to 
shajic and polished, wc have a five-sidod, tooth- 
shaped box or cap which fits over the root, to which 
it can be attached with cement, a gold or dental 
alloy post having first been secured in the canal 
of the root to afford firmer fixation. This form 
of crown is most suitable for use in the back of the 
mouth owing to its strength and to the fact that, as 
it will not be seen, it has not the disadvantage of 
being unsightly, as would be the case were such 
a crown inserted in the front of the mouth. In the 
latter position it is often necessary to sacrifice some 
strength for the sake of obtaining a natural appear- 
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ance, and for this purpose a porcelain tooth is 
fastened to the gold in such a way that the porcelain 
alone is visible. This involves a considerable 
modification in the process already described. 

The collar should be reduced to the level of the 
surface of the root, and a shallow cap constructed 
by soldering to it a flat piece of gold plate of No. 1 
gauge. Through this are inserted one or more 
posts which fit into the canal or canals of the root, 
and are soldered to the gold cap in right position. 
The next step is to fit a porcelain tooth which has 
been backed with gold into position upon the gold 
cap, care being taken that it is short enough to 
fivoid the opposing teeth when the 
mouth closes. The tooth is then 
secured to the cap by means of wax, 
and the whole invested in sand and 
plaster for soldering, the face of the 
tooth being carefully covered with 
an even thickness of the investing 
material, and the pins and backing 
and the upper surface of the cap being 
exposed. These surfaces are then 
covered with solder, which holds the 
several parts together. The crown, 
having been cleansed in hydrochloric 
arid, and with the pumice brush on 
the lathe, is ready for insertion. 

When a bridge has to he constructed, 
the supporting crowns are first pre- 
pared and placed in position upon the 
model. Porcelain teeth or metal 
crowns are then fitted into the spaces 
between the crowns, to which they 
are attached temporarily with wax 
and then permanently with solder. 

Repairs and Additions. 
Artificial dentures are of necessity 
somewhat fragile, and not infrequently 
meet with accidents. Of these the 
most frequent is a fall upon the floor 
while they are being held in the hand 
and cleansed. Such an accident as 
this may result in the fracture of one 
or more of the porcelain teeth or 
of the vulcanite, especially in the 
case of a lower denture, which 
has the form of an arch, each of 
the sides acting as a lever when a 
blow is directed against the ex- 
tremities. The repair of such 
injuries does not, as a rule, present 
much difficulty. A new tooth 
can be fitted to place, backed and 
soldered to a plate, or fitted, 
attached in position in wax, in- 
vested, and packed with 'rubber, 
which is then vulcanised. It 
should, however, be remembered 
that, whereas fresh vulcanite often obtains quite a 
firm hold upon the old, it is best not to rely solely 
upon this adhesiveness, but to shape each piece of 
the fractured vulcanite plate in such a way, by 
cutting dovetailed slots with a file, that the frag- 
ments arc hold together mechanically by the fresh 
vulcanite that is added. 

Similarly, it often becomes necessary to add one 
or more teeth to a denture in order to replace 
natural teeth which have been lost after the denture 
lias been made. This, again, involves no special 
difficulty, a dovetailed slot being cut out in the 
vulcanite to allow the new tooth to be fitted to place, 
and to hold it in position both by adhesiveness and 
mechanical retention. Where a soldered tooth has 
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been broken and has to be replaced or has to be 
added in a fresh place on a denture which carries 
both soldered and vulcanised teeth, it is generally 
necessary to remove all the latter before soidcring 
and then replace them with fresh vulcanite. To 
avoid this lengthy proceeding, it is sometimes 
possible, when the addition is a small one and is 
sufficiently removed from the vulcanite, to protect 
the latter with wet sand, constantly moistened 
while the soidcring is effected. 

In order to fit fresh teeth to position, it is generally 
necessary to obtain a model of the parts. This can 
most readily be effected by placing the denture in 
the mouth and pressing a small piece of modelling 
composition against the gum at the point where the 
addition is to be made. The denture, with the 
composition attached, is then removed and placet! 
upon a little mass of freshly- mixed plaster of Paris. 
When the latter has set and the composition is 
removed with hot water, we have a representation 
of the plate in position in the mouth, with a model 
of the surface of the gum against which the new 
tooth or teeth are to be fitted. 

Addition of Springs. It sometimes 
happens that, in mouths in which all the natural 
teeth have been lost, the palate is so flat, or the jaws 
throughout present so little ridge corresponding vvitli 
the prominent process of hone which supports the 
teeth in the natural conditions, that the denture 
does not adhere firmly to the gums and palate, and 
suction, due to atmospheric pressure, is so imper- 
fect that the plate falls away from the roof of the 
mouth. In such cases the dentist must often have 
recourse to springs, which have been previously 
referred to. Swivels have first to be litted to the 
dentures. The swivel consists of two round bars 
of gold, about J in. in length, connected at right 
angles to each other by a kind of hinge, which admits 
of free movement of the one part upon the other so 
long as they remain at right angles ( 16]. This form 
of hinge is obtained by thrusting one bar, which has 
a flattened head like a pin, as far ns possible through 
the other, one end of which is flattened and pierced 
to receive its fellow. The headed bar is then secured 
to the denture either by riveting or vulcanising it 
in a hole pierced through the vulcanite in the region 
of the glim between the two bicuspid teeth. Over 
the other bar is placed one end of the spring, l^our 
such swivels are required, and each is similarly fixed, 
two on each side of the mouth. 

Great care must be taken that the swivels on the 
same side are suitably placed, the lower one being 
placed perpendicularly below or in a slightly 
posterior plane to that of the upper swivel; it is, 
too, of great importance that the distance separat ing 
the swivels should be the same on both sides. The 
ends of the springs should be screwed down upon 
three out of the four swivels, as their attachment 
can then be secured with the least force. In the 
case of the fourth, any rotation is necessarily 
impossible, and the swivel must be tiled a little 
smaller, and then the spring pressed over it. By 
means of those springs the upper and lower dentures 
move upon each other as upon a hinge, the upper one 
being supported by them against the roof of the 
mouth, and the lower one being similarly prevented 
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from ' sliding upwards and forwards, as there is 
always a tendency for it to do unless secured by 
springs [17 J. 

Regulation. Reference has been made to 
operations and appliances directed towards the 
correction of mal-placed teeth in the mouths of 
children. There are fortunately several constant, 
factors which tend to produce a regular and natural 
arrangement of the teeth, and in many cases an 
irregular arrangement is due principally to a crowd- 
ing together of teeth in jaws which, in the course of 
generations, are becoming progressively smaller. 
Hence it often happens that the extraction of one or 
more teeth, by affording sufficient room for the 
others, allows the natural tendencies to have freo 
play, and so corrects the irregularity. 

Sometimes, however, this is not sufficient, and 
these tendencies have to be assisted by means of 
appliances which have to he worn in the mouth. 
Of these, the most usual form is a vulcanite plate 
fitting the palate and carrying a wire of gold or a 
length of pianoforte wire, which is bent in such a. 
way as to exert pressure upon such teeth as are in 
had position. It is best to employ wire which is 
springy, as this quality ensures flint the pressure 
shall be moderate in force and gradual. 

Gold wire can be made springy by beating it with 
a hammer, while the springiness of pianoforte wire 
can be increased by bending it. into a single or 
double coil. This confers an elasticity upon the 
whole wire which renders it eminently suitable for 
the purpose. India-rubber bands attached to metal 
hooks and jack-screws are examples of other 
methods employed and specially adapted to certain 
cases. Whatever method is employed, great care 
should he taken, and trained judgment is required 
to adjust the appliance so that press ure will act in 
the direction required. The making of such appli- 
ances presents little difficulty. The supporting 
plate is lirst made of wax, and the wire fitted to 
place, and the ease then flashed and packed with 
rubber, which is subsequently vulcanised and 
]K)lished. It is best to secure a firm attachment of 
the vulcanite to the wire by roughening the latter 
with a file, if it is to be of gold, and coating it with 
tin if it be pianoforte wire. In order to effectually 
tin the wire, it is best to heat the latter, plunge it 
first into a solution of zinc chloride, and then into 
some melted tin. 

Xool-maRing. A capable mechanic should 
be able to make for himself the majority of the tools 
which he requires for his work : and, although it 
may be economical in time to purchase most of the 
tools in the lirst place, it will often happen that they 
will require repairing, adjusting, or adapting to 
other purposes. He should, therefore, make him- 
self acquainted with the principles involved in the 
processes known as forging and tempering steel, 
and acquire skill in the use of the grindstone for 
flu* grinding Jto shape and the setting of sharp 
instruments. Good tools with a fine edge are a 
necessity for the proper performance of much of the 
work ol‘ a dental workroom. 

Kor the illustrations in these articles we are in- 
debted to the courtesy of Messrs. 0. Ash & Sons, 
Ltd., and the puhl. alien* of “Me hanical Dentistry.*’ 
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DISEASES OF THE BLOOD 

Ill-health in the Circulatory System. Cause and Effects of Diseases in 
the Arteries. Diseases in the Blood Itself. Blood Poisons. The Heart 


By Dr. A. T. SCHOFIELD 


IN speaking of the ill-health of the circulatory 
system we must first of all consider diseases 
of the blood-vessels, then of the blood, and lastly 
of the heart. 

The blood-vessels are, as is well-known, of 
three descriptions — arteries, which convey the 
fresh blood stored with food and oxygen to the 
capillaries ; the capillaries, which distribute the 
food to the body cells through their thin walls, 
and collect the body refuse ; the veins, which 
return the used-up blood laden with refuse and 
carbonic acid gas to the heart and lungs to be 
purified. 

ARTERY DISEASES 

Atheroma. Atheroma is a hardening and 
thickening of the arteries, common in old age, 
and making men prematurely old when it 
occurs younger in life, as the fruits of excess. 
It is generally due to alcoholic poisoning, or 
possibly arises from constitutional weakness. 
The artery, which should be firm and elastic, 
like a fresh indiarubber tube, becomes more like 
one when the rubber is “ perished ” — that is, 
hard and brittle. This disease of the blood- 
vessels often leads to paralysis, and those who 
suffer from this trouble should l>e careful to 
avoid all mental and physical strains. 

Aneurism. Aneurism is an expansion or 
stretching of the w'all of some artery from weak- 
ness — very commonly the aorta, or the largest 
artery in the body — so as to make a tumour full 
of blood, which pulsates or beats synchronously 
with the heart. Such tumours, if not very large 
and deeply seated, may exist for years and give 
no trouble. More commonly they come under 
the notice of the medical man by accident, and 
are then treated, often with great success The 
idea of these pulsating tumours in the abdomen 
is a common cause in women of the formation of 
hysterical tumours, which are formed to resemble 
aneurisms solely by the unconscious action of 
the mind on the body. Over fifty such cases 
came to a London hospital in a very few years. 

Embolism. Embolism is the result of 
the sudden blocking of some small artery, 
caused by a small solid substance that gets 
into the blood circulation, often from the 
breaking off of the end of a clot in some vein. 
This is swept along in the circulation till it 
reaches some tiny artery too small to pass, and 
this it at once blocks, thus cutting off the blood 
stream from the part the artery supplies. The 
effects, of course, vary with the part deprived of 
blood. If it occurs in the brain, we get paralysis 
(temporary or permanent), with or without loss 
of speech ; if in the lungs, we get sudden breath- 
lessness of an alarming character, and so on. If 
the clot that blocks the artery is in itself healthy, 
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the trouble is not very serious ; but if it is septic, 
and comes from some ulcer or diseased part, then 
another abscess will probably form at the spot 
when the artery gets blocked. The writer has 
known an embolism in the brain suddenly pro- 
duced by the incautious massaging of a clot in 
the vein of a diseased leg. 

DISEASES IN THE VEINS 

Varicose Vein9. Varicose voins, a weak- 
ness in the veins, generally of the leg or thigh, is 
brought on, as a rule, by prolonged standing (not 
walking) when in a weak condition. A familiar 
instance of it is found in young shopwomon 
living largely on white bread and weak tea, who 
have to stand long hours behind the counter. 
The reason why standing produces varicose 
veins and walking does not is this. In 
walking, the blood circulates quickly, and the 
muscular action of the legs alternately squeezes 
and relaxes the laVge veins, so the blood, by 
means of the valves they contain, always opening 
one way towards the heart, is ever moving briskly 
back from the legs to the body. In standing, all 
this is reversed. The circulation is slow, and the 
blood stagnates ; the muscles no longer compress 
the veins so as to send the blood on. So it stands 
still in the veins, stretching them out in blue 
knots above each pair of valves, where the vessel 
bulges, giving the appearance of a chain of black 
grapes or large currants, just beneath the skin. 
Cooks, also, standing constantly before a fire, are 
very liable to varicose veins. 

The dangers of this disease are twofold. The 
vein if large may burst, and severe haemorrhage, 
which is very hard to stop, suddenly ensue : or 
the clot in the vein, (tailed a thrombus , may break 
up, and small portions get into the circulation, 
with the danger of forming that embolism in any 
part of the body of which we have already spoken. 

Varicose veins are occasionally met with in 
other parts of the body besides the legs. 

Phlebitis. Phlebitis, or inflammation of a vein, 
forming a clot, or thrombus, is a painful affection 
with clotting in a vein, which may show no vari- 
cosities. Its cause may not so much be standing 
or sitting as cold or rheumatism, or some other 
irritant that sets up an inflammation of the veins, 
which makes it so sticky inside that the blood 
adheres to it and forms a clot. Of course, if this 
clot remains healthy, well and good ; but if it 
should become septic, from the entrance of 
germs, and so on, it is a source of great danger. 
Large ulcers on the leg may form, which are very 
difficult to heal. Varicose veins may be protected 
by an elastic bandage ; but in all these diseases 
of the blood-vessels a doctor must be seen. We 
must now turn to diseases of the blood itself. 






DISEASES IN THE BLOOD 

Anaemia. A very common disease in this 
connection is Anaemia, a pallor of the blood 
due to the deficiency in the number of the 
red corpuscles, or to a deficichcy in their colour, 
which is no longer of a bright, vivid red. 
This pallor and poverty of the blood is readily 
detected if the inner side of the lower eyelid be 
turned down and examined, or the inside of the 
lower lip and gums inspected. The cheeks offer no 
guide, for many anaemic people have red checks, 
when the colour is fixed, and many witlunit any 
anaemia have very pale cheeks from the thickness 
and sallowness of the skin. 

We must remember that these red corpuscles 
carry the fresh air to the tissues, and that in 
antemia their numbers and powers are decreased. 
We are not surprised, therefore, to notice that in 
anaemia breathlessness is a constant symptom, 
exactly as if there were some disease of the lungs. 
Wo also get some palpitation of the heart and 
some constipation. 

This disease of anaemia is very common in towns, 
but particularly among those who live indoors, 
whether in town or country. A woman living 
indoors in the Highlands is more likely to be 
anaemic than a flower woman who is ever in the 
open air in London Indeed, the roses on the 
cheeks of these people is a great testimony to 
the value of outdoor air even in towns. 

One form of anaemia, called pernicious anirmia , 
turns the patient the tint of pea-green, and is a 
dangerous disease, dependent on some change 
in the nervous system. The best cure is plenty 
of fresh meat, life in the open air, and iron in 
small doses. 

Leucocythaemia. Leueocythiemia is 
another disease of the blood, something like 
ansemia in that it produces great pallor of 
the blood, but quite different from it in its 
cause and effects. 

It is due, not to a deficiency or defect in the 
red corpuscles of the blood, but to a great excess 
of the white, which often rise to ten times their 
right number. It is connected with serious 
diseases of the spleen, and is a very grave disease. 
Fortunately, it is as rare as anaemia is common. 

Haemophilia. Haemophilia is another 
blood disease that is often the result of heredity. 
Those who have it are called “ bleeders.” The 
real nature of it is obscure, but it is believed to 
be some defect in the clotting power of the blood. 

It must be understood that if the blood were a 
simple fluid or liquid like gas or water, as soon 
as there was a leak or rent in the pipe it would all 
run away ; but in the healthy blood this is pre- 
vented by the action of clotting. When there is a 
cut* or a wound of any sort, the blood soon 
ceases to flow, because when it reaches the air 
it solidifies into a clot, thus blocking the mouth 
of the small vessel, and arresting the flow. Now, 
in “ bleeders ” the blood does not thus clot. 
With the slightest wound, therefore, they are 
liable to bleed to death. 

The cause was formerly supposed to be some 
deficiency in the number of skins the person had, 
but the real cause is in the blood. Tho writer 
aas seen a child slowly bleed to death from a 
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scratch on its tongue which could not be healed ; 
and many have died from the simple extraction 
of a tooth, the haemorrhage from which nothing 
would stop. 

The condition is a very dangerous one. The 
late Prince Leopold was affected with it, and 
those who are subject to it are generally delicate in 
other ways, and have transparent skins. With 
care, of course, the bleeding may never occur. 
These two diseases are serious, and should be 
seen to professionally. 

We now turn to a consideration of blood 
poisons. 

Rickets. This is generally described as 
a disease due to some deficiency of lime salts 
in the blood. There is no doubt some poison 
circulating in the blood of rickety children 
arising from an excess of starchy or floury food 
and a deficiency of animal diet. Had air, dark- 
ness, and damp also favour it. Deficiency of 
lime salts also causes it. Some time ago it was 
noticed that Glasgow children suffered a good deal 
from rickets. Then it was discovered that the 
water had no lime in it. So it was run through 
beds of lime before it reached the mains which 
supplied the houses, and the disease soon 
disappeared. 

We must remember that all children are born 
exclusively animal feeders, and not vegetarians 
at all. Milk is an animal, not a vegetable, pro- 
duct, and contains a great quantity of nitrogen 
and those salts that build up bone ; hence, 
strictly speaking, children need more animal 
food than adults, though not generally in the 
form of meat. 

No child can take any vegetable food at all 
till it is at least, six months old, and not often 
then if he is kept too exclusively on Hour and 
babies’ foods of different sorts. If he does not 
continue to take a large amount of milk each 
day, which may be supplemented with porridge, 
beef-tea, or broth, and, later, with pounded meat, 
he is likely to develop rickets, and especially if, 
as well, he has not much fresh air or punlight. 
There is a general softening of the growing ends 
of the bones, and especially in the limbs. The 
child’s wrists and ankles will be found much 
thickened, as if there w r ere bracelets wound there 
beneath the skin. A row of knobs may bo felt 
dow n each side of the breast-hone in front where 
the ribs join it. The head perspires profusely at 
night. 'The legs soon bend and the child becomes 
bow -legged or knock-kneed ; the ribs may bulge 
and the child’s forehead will get square. What is 
more important, tin* pelvis often gets deformed, 
which in w omen is such a serious matter in child- 
bearing. 

Rickets is often called “ the English disease,” 
because, for some reason, it is supposed to be 
specially prevalent in this country. Meat diet 
and plenty of fresh air and sun are natural reme- 
dies, but if the ease is a bad one a doctor should 
be seen. 

Gout. Gout is believed to be due to the 
poison uric acid circulating in the blood. This 
blood poison is generally formed from an excess 
of nitrogenous food, beyond the amount which 
the liver is able to deal with. There is a “ safety 
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valve” action in the body with regard to excess 
of this food, which cannot be stored up like 
sugar or fat ; but if the consumption exceeds 
what can bo thus dealt with, instead of the 
ordinary urates being formed by the tissues, a 
certain amount of uric acid is introduced into 
the blood. 

Now, the difference between the two — and it is 
an important one — is this. Urates are easily 
soluble, uric acid is not ; and we have already 
seen the great danger of circulating solids in the 
blood, in the case of embolism. Here, however, 
it is not that the arteries are blocked, but this 
irritating acid circulating freely in the blood — 
though a small part of it is taken out of the body 
by the kidneys, in the form of red sand in the 
urine — causes heat and pricking in the various 
tissues, and often uniting with the soda in the 
blood, forms urate of soda, or chalk-stones, winch 
are deposited where the circulation is sluggish, 
as in the ear and the small joint at tho extremities 
of hands and feet. These sharp crystals are like 
bits of glass, so it is no wonder that the agonies 
of gout are proverbial. These particles are not 
only deposited in the big toe and elsewhere, but 
irritate the blood-vessels all along their course, 
making the walls thicker and giving the heart, 
therefore, more work to do in pumping the 
blood through them. Every organ of the body 
becomes rather more difficult to work as this 
poison circulates everywhere. 

There can be no doubt that if lewss beer and 
wine were drunk, and less beef eaten, gout 
would soon became a rare disease, although, 
as it is strongly hereditary, it would probably 
take four generations to remove any tendency 
to it. Once an attack occurs, it is very apt to 
recur, and is eventually the cause of an incurable 
disease. Like most blood poisons, no part of the 
body, even the skin, remains unaffected. This 
is a preventable disease, for there is no need, 
even when (hero is a predisposition to it, for 
anyone to have gout. The natural remedies 
for gout are three or four glasses of hot water 
drunk daily (not near meals) and careful diet. 

Jaundice. Jaundice is the result of bile 
circulating in the blood. The body all over, and 
even the whites of the eyes, the tongue and gums 
turn yellow of a more or less vivid hue. Tt is 
caused by tho blocking up of the bile duct in 
various ways, thereby hindering the bile from 
reaching the bowels, there to be evacuated, 
and serving in its passage as an antiseptic and a 
laxative. The results of its getting into the 
blood are not only that the skin is coloured, 
but constipation at once sets in, and what is 
passed is very pale ; while at the same time the 
bile circulating through tho kidneys in the 
blood, the urine is loaded with it, and becomes 
high-coloured. There is also a feeling of illness, 
and if the offending cause that blocks the 
passage be a gallstone, there is agonising pain 
in tho right side below the liver. The most 
common cause, however, is inflammation of the 
duct from severe chill, which temporarily closes 
it. People suffering from this variety soon get 
well. Laxatives are always required, and hot 
baths are good. 
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Diabetes. Diabetes is the circulation of 
sugar in the blood in such quantities that it is 
passed by the kidnoys into the urine in large 
amounts, thereby depriving the body of its 
principal food, and so reducing it to a state of 
starvation. 

The disease is soon recognised ; the patient 
gets thin and emaciated, and craves for water, 
as the amount of urine is so greatly increased 
that the body is drained of fluid as well as of 
nourishment. The skin gets harsh and dry, and 
there is a sweetish smell perceived. On analysis 
the urine is found to he doubled or trebled in 
quantity, and loaded with sugar. When the dis- 
ease is discovered a doctor must be seen at once. 

Rheumatic Fever. It is not proved that 
rheumatic fever is due to a poison circulating 
in the blood, but it is not proved that it is not. 
It may be the work of some undiscovered 
microbe ; theories about it are still legion ; but 
it is convenient to allude to it here together 
with gout and rheumatic gout. 

It is a disease characterised chiefly by agonis- 
ing pain in the larger joints, acid sweats, and high 
temperature. It is popularly believed that the 
acid sweats are Nature’s attempts to get rid of 
the poison, through the skin, that may cause the 
fever. The poison has been supposed by some 
to be lactic acid. On the other hand, the tem- 
perature looks rather as if Nature were attempt- 
ing to kill some microbes by heat. It must be 
acknowledged that we do not at present know 
the real aetiology, or cause, of this disease. 

At any rate, the younger the person is the 
more dangerous is the disease, for it is then 
more liable to attack the heart, which is indeed 
the principal thing to be dreaded. Whereas in the 
limbs all the effects of the attack pass absolutely 
away, when the fever is over (in a month to six 
weeks), in the heart the injury, (hough not always 
its effects, are life-long. This disease, together 
with scarlet fever, are the two most common 
causes of valvular disease of the heart. 

Rheumatic fever seems often to be in part 
the result of exposure to damp and dyspepsia. 

In the limbs it differs from gout in attacking 
the larger joints rather than the smaller, and in 
never deposit ing any chalk stones. Every joint in 
the body may in turn be attacked by rheumatism, 
for here, again, it differs from gout, in moving 
from one spot to another instead of keeping 
to the same joint. 

One bad feature of rheumatic fever is that it 
tends to return. Sometimes the rheumatism is 
chronic and lasts for months with no fever or 
sweating, but with painful and swollen joints. 
The utmost care is required in the medical care of 
this disease, and a skilled physician is required. 

Rheumatic Gout. In rheumatic gout we 
get a disease that is as prevalent amongst the 
poor as gout is amongst the rich, though no law 
can be laid down, for we find both poor and well- 
to-do patients martyrs to rheumatic gout. 

It is certain, however, that it is caused by 
poverty, want and exposure. It is very common 
amongst the poor Irish, and in country places 
where there is much exposure to cold and damp. 
It differs from rheumatism in being very chronic 
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and slowly increasing in severity as it invades 
and cripples joint after joint. The joints that are 
attacked are more or less injured by it and 
seldom get perfectly sound again. They are 
thickened in some parts, eaten away in others, 
and often get quite stiff, with more or less pain. 

There is little fever, but the disease is constantly 
progressing unless very vigorously opposed. 

The larger and smaller joints are alike attacked, 
especially the knees and the fingers, which are 
bent crooked. 

DISEASES OF THE HEART 

We must now turn our attention to diseases 
of the heart. The study should prove both 
interesting and profitable on account of the 
advance of our knowledge concerning them. 

Palpitation. Palpitation of the heart is 
a common trouble, and, though it affects the 
heart, is by no means primarily duo to it. To 
understand its most common cause we must 
understand the relation of the parts. The 
stomach is just below the heart, separated from 
it only by the thin muscle of the diaphragm ; 
so that the heart really sits on the hinder end 
of the stomach pretty much as a Margate 
donkey boy sits on the latter end of his ass. 

The results are similar in both cases. When 
the donkey is frisky and active, the boy shakes 
up and down, pretty much in the same way as 
the heart palpitates on a distended and active 
stomach. The general cause of palpitation, 
therefore, is some digestive trouble. “ Pain 
in the heart,” too, is really pain from flatulency 
in the colon, or large bowel, immediately below. 

Angina. There is, however, one form of 
painful spasm of the heart called Angina , from 
which General Gordon suffered all his life. It 
is of an agonising character in common with all 
spasms, and cannot be confounded with anything 
else, especially as the person looks and feels 
extremely ill at the time of the attacks. The 
real cause of it is not known. 

Fatty Degeneration. The dangerous con- 
dition of the heart known as Fatly Degenera- 
tion is practically wholly preventable, arising 
as it doos from want of exercise, combined 
generally with too much food. It is dangerous 
because in it the muscular walls of the heart are 
partly changed into fatty tissue, and cannot be 
relied upon to stand the strain of the violent 
con tractions that go on seventy times a minute 
night and day as the blood is pumped round 
tho system. It is a condition not uncommon 
in stout elderly people who aro too ignorant 
or lazy to live hygienically. 

Weak. Heart. A weak heart arises through 
no disease of that organ, but generally means 
that if the body be below par the heart 
shares in the common weakness. The ex- 
pression is, however, greatly abused, and is an 
example of the way in which healthy hearts 
are so often treated as diseased. 

This weak heart is often supposed to be the 
result of a “strain,” which requires rest and 
care, whereas the truth very often is that its 
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“ weakness ” is really the result of too little 
exercise. Dr. Goodheart says : “I know of no 
symptom of a weak heart.” Yet, the use of 
the term leads either to a state of nervous 
dread, from which recovery is most difficult, or 
to a life of luxurious idleness, which, by the 
enervation it causes, is likely sooner or later 
to lead to the end it seeks to avoid. 

Enlargement of the Heart. Enlarge- 
ment of the heart may be of two kinds ; the 
one is weakening and dangerous, the other 
is strengthening and safe. They are called 
dilatation and hypertrophy. 

In dilatation the wall of the heart is circularly 
stretched and thinned, generally by some over- 
exertion at a time of weakness. Racing in any 
form, rowing, running, walking, cycling, may 
cause it ; so do other violent athletic sports 
calling for great exertion such as “ putting the 
hammer ” ; so do exhausting sports such as 
“ hare and hounds.” It is, of course, as a rule, 
a preventable condition, though, perhaps, some- 
times unavoidable, as, for instance, w hen a person 
has a weak heart, for it is certain as long as it 
exists no further strain should he undergone. 

Hypertrophy is the opposite condition, when 
tho heart is enlarged, not by the walls being 
stretched and thinned, but by the whole organ 
being enlarged and thickened, so that the heart 
may in some eases become double its ordinary 
size. This depends really upon valvular disease. 

Valvular Disease. Here we approach 
a subject of great interest. A man may he 
practically in good health till he dies from some 
other cause, at an advanced age, having suffered 
valvular disease of the heart all his life. 

The explanation is this. Tho heart is a 
force pump that sends forward four table- 
spoonfuls of blood at each stroke into the 
circulation. The blood is prevented from re- 
turning by valves, and in rheumatism these 
valves may thicken at the edge, so that, like a 
public-house door, they will not quite close. 
The result, is that when the heart contracts only 
three tablespoonfuls of blood may go forward 
and one may go backwards. Valvular disease of 
the heart has thus the effect of causing the heart 
to do more work. If at all severe the organ 
may be called to do one-fourth more than the 
work of a sound heart has to do. This would 
naturally tax it severely were it not for the 
vis medicatrix. natural, the force that the un- 
conscious mind uses in presiding over und 
adjusting the mechanism of every system of 
the body. In this case the problem is solved 
simply by making the heart begin to grow 
again, until it has grown one-fourth larger, 
and thus do for its size exactly the same amount 
of work that the smaller sound hoart does for its 
size. This practically restores the person to 
health, for, the leakage being thus compensated 
for, it is to all intents and purposes non- 
existent. Should the leakage, if it exist, fail to 
be compensated by Nature, we have now means 
of restoring the heart’s power which were utterly 
unknown a few years ago, so that even in this 
case there is every prospect of a return of health. 
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To steam a feather, hold it with its back to the 
spout of a kettle of boiling water till all the flues 
are nearly straight. Be careful that the feather 
does not become quite wet. While still damp, 
shape the stem, bending the tip slightly, and cut 
away any irregularity in the flues. Let the feather 
dry before curling. 

Feather Curling. Hold the feather in 
the left hand, with the outside of the feather 
towards you. Start curling from the bottom, with 
a curling knife. If one is not obtainable, use a 
blunt instrument — a butter or a fruit knife. Take 
up some flues and gently draw them over the 
edge of the knife towards you, holding the flues 
with the thumb and forefinger. Drawing the 
flues towards you in this way causes them to curl 
back over the finger. Repeat this all round the 
feather, curling the tip at the point only. Do not 
curl the feather too tightly. Practise on an old 
feather to obtain the knack. 

Feathers are imported from Cairo, Tunis, and 
other parts of North Africa in their rough state, 
and the mounting of them forms quite a separate 
trade. Even to curl a feather requires some 
considerable practice, as there is a tendency to 
make a curl too tight or not tight enough. 
Feathers can be had from 8J in. long to about 
27 in. long. Seven or eight of them in their 
rough state are often put together to make one 
handsome long one. 

Feathers can be bought which are used as an 
entire trimming of about 1 yd. long. Short 
feathers are called tips. Feathers that are only 
slightly out of curl should be shaken before a 
clear fire. Care should be taken not to hold black 
ones too near a fire, OvS they are likely to get a bad 
colour. 

The fashions change in feathers as in all tilings, 
and they are either stiffly or loosely curled. 
Occasionally uncurled feathers are in demand, 
hut these are seldom in favour. Very full -looking 
feathers have a pass over the stem. Tn this case 
the stem is hidden by the flues crossing over it. 
from side to side. 

Renovation of Hat9. Black and dark- 
ooloured felt hats may bo revived by being 
sponged lightly with diluted ammonia, and some 
good can be done by ironing it over with a dark* 
damp cloth (not a white one, as the fluff might 
show on the dark felt). If the crown is softened 
by a heavy trimming, much stitching, or is 
damaged by the use of hatpins, it can be brushed 
with gum on the inside and left to dry on a 
block or the nearest improvisation of one that 
can be managed. Do not damp a felt very much 
before ironing it, as it stretches it considerably. 
If the felt is a good one, it is well worth having it 
cleaned professionally. 

Felt, flop, and beaver hats may bo cut and 
bent in a great variety of shapes. Cut away the 
edges with a sharp penknife if the shape is to 
be reduced in size. Smooth felt flops can bo cut 
away with sharp scissors. The brims can be cut 
up, a piece taken out, wired round, and from 
ordinary round flop shapes an innumerable 
variety of hats, toques, and children’s bonnets 
can be made. 
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White felt is cleaned with powdered pipeclay. 
Leave it on for several hours, then heat and 
shake it out; Stale bread, bran, tissue paper, or a 
thin paste of magnesia or flour left on till dry 
and then brushed off. can also be used. 

Grey felts arc cleaned with hot bran. 

Light brow r n and fawn felts arc cleaned with 
hot fullers' earth or oatmeal. 

Velvet hats can be renovated, and quite a 
new model made, by taking off the crown and 
making a higher or lower one as may be wished 
in spatrie or buckram. If the velvet for covering 
is not sufficient for the new' crown, help it out 
by trimming it with fur or a ruche of ribbon or 
tulle. A transparent lace crown, made of wire 
and covered with lace, will look very well. Tt 
should lx* nipped in the headline or, if a larger 
crown is desired, made separately, and when 
covered, secured to upper brim. 

To alter the brim, unpick (he velvet carefully, 
out to shape required, hind the edge with folds, 
and trim. If an enlargement is wanted, sew on 
wire supports of 1.J in. to 2 in. beyond (lie brim. 
Nip on a new' edge w r ire and cover either with 
lace tulle or chenille laced over and under the 
wires or any other way preferred. The rest of 
the brim can again be covered with the velvet, 
and the effect will be entirely different when 
finished. 

Straw Hat9. Straws must be well brushed 
with a soft, brush and the rough kinds with a 
piece of velvet to quite free them of dust. 
Steam them before the spout of a kettle filled 
with boiling water. 

Bright black straws may bo brushed over 
with hat varnish, ink and gum, or ink and white 
of egg. 

Fine braid or chip straws with sweet oil mixed 
with ink. Put it on with a small brush, and rub 
the hat dry with a piece of velvet. Straw hats 
may be ironed when not too coarse or fanciful 
in pattern. Remove all wires, place the brim 
fiat, on the table, the crown coming over the edge, 
with a damp, dark cloth for dark hats, or light 
one for light straws. Press (irmly and slowly with 
a warm iron round the brim. Iron the inside of the 
crow r n carefully. By stretching or contracting 
while ironing, a shafie can he much altered. If, 
however, it is to lx* made in an entirely different 
shape, it must he unpicked and worked up again. 
Before doing this, see if the straw is worth 
it, as some break and chip; only very good, 
soft ones are worth remodelling and occasionally 
turning. 

White straw's, if only dusty, can lx* washed in 
soap and water. If dirty use a teaspoonful of 
salts of lemon or a pennyworth of oxalic acid to a 
pint of boiling water. Scrub the hat. Be careful 
that the hands have no cuts, as the acids are 
poisonous. Iron in shape under a white cloth. 

White hats may be stiffened with gum water. 

The gum arabie should be dissolved in water, 
diluted with more water till the required stiffness 
is obtained, and brushed over the hat. Leghorn 
hats brushed over with white of egg will give 
a gloss. 

Straw hats can be remodelled by steaming. 
Remove the wire from the edge. Place a damp 
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cloth over the brim, and when pressing contract 
or stretch the straw. In this way a flat shape 
can bo made to turn up at the front or sides, 
and a boat shape or Gainsborough hat can be 
pressed flat. 

To enlarge a straw hat add one or two rows 
of straw plaits. Headlines may be enlarged by 
cutting away one or two gussets. To renovate the 
sides of crowns where the hatpins have cut and 
worn the straw, sew pieces of straw underneath 
the weak part. To heighten a straw crown, cut 
away the crown. Sew one or more rows of straw 
and sew the crown on again. Other straw may 
be used, as most likely it will be hidden by the 
trimming. 

How to Clean Flowers and Lace. 

(wood flowers, if only crushed and not faded, may 
be steamed before the spout of a kettle of boiling 
water and hung up to dry. When nearly dry, 
curve the petals with nippers. 

Velvet flowers can be steamed, the edges cut 
and shaped while slightly damp. 

Rusty steel ornaments are cleaned by rubbing 
the ornament on a thick carpet, or rubbing it 
with brickdust, left to dry, brushed off, and the 
ornament polished with a leather. 

Of ease spots on silk may be removed by placing 
blotting or brown paper on the spot and using 
a hot iron. Be careful the colour does not 
fly in the operation. 

Lace may be washed in soap jelly and rinsed in 
cold water. Always iron lace on the wrong side, 
on a thickly-covered ironing board with the 
points away from you, and under muslin or 
tissue paper. 

Guipure, Irish, and other similar kinds of 
lace should be washed in tepid water, shaken, 
pinned on to a board, and left till dry. It must 
not be ironed. To tint lace, dip it in weak 
coffee or tea after rinsing out. 

To clean gold lace, sew it up in a clean muslin 
bag, and boil it in soft, soapy water ; then 
rinse it in cold. If tarnished, apply some warm 
spirits of wine to the spots. Another method is to 
clean it with rock ammonia. 

To clean silver trimmings, rub it with some 
finely- powdered magnesia. Leave it for some 
hours, and then rub it again with a soft rag, and 
brush out all the magnesia. 

Black lace should be brushed with a soft brush 
or a piece of velvet to get quite clear of dust. 
Soak it in prepared tea made of one dessertspoon- 
ful of tea, two teaspoonfuls of gum arabic, and 
throe pints of boiling water. Iron under tissue 
paper. Another method to restore the colour of 
black lace is to soak it for about ten minutes in 
milk, patting the lace occasionally. Finish as 
before. 

Silk and Crape. White and light-coloured 
silk must be washed as quickly as possible in a 
lather of tepid water and soap jelly. Rinse it out 
twice and use two dessertspoonfuls of methylated 
spirit to the half-pint in the last rinsing-out 

Millinery concluded; 


water to bring back the gloss. Roll up, i ron under 
muslin with a moderately hot iron. When nearly 
dry, iron without the cloth. 

Coloured silks are washed as described above, 
but should be rinsed out in cold water in which 
one tablespoonful of salt and one tablespoonful of 
vinegar have been added to preserve the colour. 

Clean coloured silks with a solution of ammonia 
and iron when damp. 

Wind the crape on a roller or bottle. Tack the 
edges. Pour boiling water into a largo basin. 
Lay the roll of crape across the basin so that the 
steam penetrates. Keep the roll moving to 
prevent it becoming spotty. Do not touch the 
crape while it is damp. Cut tho tacking stitches, 
and stand it in a warm placo to dry. All hats, 
whether straw, velvet, or felt, should be well 
brushed after wear, and before being put away. 

If of good quality, chiffon renovates very 
satisfactorily. Wash in soap jelly, rinse in tepid 
water, do not squeeze or rub. Dab it dry in a 
clean white cloth, and iron while still slightly 
damp between a white cloth and tissue 
paper. 

Examinations. The City and Guilds of 
London Institute hold annually examinations in 
millinery in two grades — the Ordinary, and tin; 
Higher or Evening School Teachers’ Certificate. 

The first is divided in three sections: (1) 
Practical ; (2) written ; (3) specimen work done 
by the candidate in class or at home. Candidates 
muBt pass iri tho three divisions to obtain a 
certificate either in the first or second division. 
Fee, 2s. fid. for class students ; 7s. fid. for external 
candidates. 

For the practical examination, the candidate 
must be prepared to do any piece of practical 
work covered by the syllabus. • 

The written examination comprises questions 
concerning various kinds of shape-making, shape- 
covering and stitches ; manipulation of velvet, 
silk, straw, crepe, wire ; renovations ; children's 
millinery ; ostimate of quantities and costs ; 
suggestions as to colour and trimmings. 

{Specimen work varies each year — usually one 
or two shapes to be copied from a given sketch, 
and one trimmed hat or toque. 

Silver and bronze medals, with money prizes, 
can be obtained. 

To enter for the Evening School Teacher's’ Ex- 
amination candidates must be nineteen years of 
ago. The syllabus includes questions on methods 
of teaching, class management, equipment and 
arrangement of the rooms, besides questions on 
the technology of tho subject. 

A certificate of the Board of Education in 
either blackboard or freehand drawing is also 
required. The practical test includes various 
specimens of candidates’ work, some of which 
can be made half -size. Tho fee for this examina- 
tion is £1, and candidates pass either in tho irsfc 
or second division. They must have attended a 
“ recognised training-school ” of instruction for 
not less than 200 hours. 

followed by Men’s Hats 
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The Use of the V and U Tools. Flat Carving. Grain Diffi. 
cutties. Sloping and Rounding the Flat Surface. Diaper Work 
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YJJ7HI5N under proper control no tool is more midway with the left hand, knuckles upward, 

useful to the wood f, arver than the parting, and driven forward by repeated strokes with tins 


or V-tool ; until mastered, none other is so 
dangerous both to the workman and his material; 
when blunt none so utterly intractable. It is 
used in four several ways. 

Using the V Tool. If working in soft 
wood, grasp the handlo firmly with the right 
hand, letting the butt rest in the holiow 
of the palm; seize the blade with the left, 
knuckles upward; bury one half to two- 
thirds of the cutting edge in the wood; 
push it onwards, on an even 
keel, keeping the same depth, 
guiding it with both hands, hut 
forcing the blade onwards through 
the substance of the wood 
chiefly with the right [29]. Draw 
a few straight, curved, waved 
and zigzag lines on a piece of 
waste wood, and endeavour to 
follow them with the V, ever 
keeping the guide-line midway 
between the wings of the tool. 29. position 
Next draw parallel lines at dis- usino 

tances varying 

from ,V, in. to 
l in. Cut out j 
the intervening 
wood, letting each 
wing of the V 
just touch a line. 

Next attempt 
circles. Beware of 
giving the tool a 

list to one side, 30. USING v tool 

especially when 
turning a sharp 
curve, lest the 
inside wing should 
bury itself and 
splinter the wood ; 
rather press more 
heavily in the 
opposite direction. 

When one vein 
crosses another, 
the wood is apt to 30 . THE PAljM tap 3 

break away at the 

junction. Should there appear to be any danger 
of this happening, start the cross cut from the 
point of intersection, and work away from it 
in either direction. 

In a second method, for delicate work, and for 
negotiating corners and curves, the back of the 
loft hand is rested on the wood, the blade being 
guided by the thumb and two fingers, while all 
the pushing is done by the right [30]. 

Thirdly, if the wood be hard the tool is grasped 


1 the parting, and driven forward by repeated strokes with the 
other is so mallet upon the butt of the handle, guiding the 

his material; direction of the groove and regulating its depth 

stable. It is quite as much by the impact of the Glow as by 
the pressure of the left hand [31] 
i king in soft Tho 1)Ioavs may he given with the open pal ni 
th the right of the right hand [32]. For many purposes 
the hollow the rapidity and delicacy of this last manoeuvre 
it h the left, cannot be excelled. 

ilf to two- The Fluter, Veiner, or U Tool. What 
the wood; has just been said about the position 

of the hands, the employ- 

ment of the mallet, and the 
“ palm-tap,” will apply equally 
w T ell to the fluter, with one 
small exception : it is rarely 
advisable to sink the trough* to 
its full depth with the first cut, 
unless the carver be an adept 
and quite certain of his touch ; 
it is far safer to burrow out the 
hollow little by little, working 
29. position OF HANDS when between double lines. 

using v TOOL Set out the bolder [37] on 

a strip of deal. 




Work it with 
either tool, using 
the two - handed 
method. 

Set out the panel 
design [35] on a 
J-in. oak board, 
carve it with the 
V tool and mallet. 
Try each with tho 
31. THE MALLET TAP .. 'alm-tap.” For 

making circular 
hollows with the 
fluter, split the 
wood at an angle 
of 45° at any point 
of the circumfer- 
ence ; continue till 
the whole circle 
has been traversed 
and the loosened 

boring “ EYES ” with fluter. c ll * P 8 removed ; 

then, with a single 

sweep, let the tool re-travel the whole distance, 
tilting it the while, that one arm may cut 
away the ridges which were left on its former 
journeys. 

Drilling and Notching. For drilling 
small holes, such as “eyes” of leaves, hold 
the fluter perpendicular to the wood, rotating 
it rapidly between the open palms of the 
hands, at the same time exercising a slight 
downward pressure. It is surprising how quickly 
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a plank an inch thick can be pierced by this of walnut; work it out with a fluter, or U tpoj. 
little manoeuvre [33]. and four-pointed punch. 

Notching is a favourite style of ornamentation. Ambidexterity. When complete command 
for which either the U or V are suitable tools [10 over these tools has been attained, the student 
or 5]. Drive a perpendicular cut into the should learn to use them left-handed. The 
wood to a depth of about £ in., then, re-entering ambidextrous woodcarver has a great pull over 
the tool at the required distance from the con- a man who can only work right-handed ; as the 

vexity of the gash, let it sink run of the grain varies, so can he 

deeper and deeper until the groove — change his tool from one hand to 

reaches the bottom of the first cut; I r )) } y/yzJ , the other and follow it. In chip 

a slight tilt inwards with each | ^ , — carving, especially, the time saved 

wing of the tool will free the chip. ^ I J not having continually to un- 

The Punch. The design can I . faston and rofasten his wood, in 

be emphasised by stamping certain | » order to tum lt u P si(le down, is 

portions of the uncut surface with . ^ i W/ftm / ~\ very considerable, 

a punch [41]. Hold the punch I r' 1 Wk oX 1 Flat Carving. Flat carving 

firmly between the fingers and j ^ | consists in cutting away certain 

thumb of the left hand, in such a ^ ) ML/ portions of the surface of the wood 

manner that the lower end of the | _ •'M W ) leaving the untouched parts as a 

tool may just free the panel; strike raised design. Transfer the Jacobean 

it smartly with the maul, that its 34. gouge-ornamented panel [48] to a white deal board 

pattern may indent the wood ; rest keyholes 24 in. by 11 in. Follow as much 



35. EXERCISE FOR V-TOOL 36. EXERCISE FOR FLUTER AND PUNCH 


the left wrist upon the of the outline as possible 

bench, that it may offer with a carver’s knife or 

sufficient resistance to enable skew firmer. Hold the knife 

the tool to recover its posi- - I pr in the right hand, the edge 
tion between the strokes. of the blade pointing in the 

Keep the punch constantly direction in which it has io 

travelling in a haphazard, travel. Let the point penc- 

irregular fashion over the trate the wood to the re- 
surface, since this gives a quired depth. If working 

much more pleasing effect away from oneself, or from 

than if the indentations were right to left, push it along 

parallel to one another. 37 t exercise for v-tool with the left thumb, guiding 

Do not use too sharp a tool — . with fingers of left, and 

its duty is to punch, not to prick. Plain bands pulling with the right when in a contrary 

may be embellished with an occasional stamp direction. Avoid cutting against the grain, anti 

with a circular, star, or dagger-shaped punch [42]. follow the course of the arrows. The skew 

The keyholes of fifteenth-century chests were firmer may be used similarly, and with the same 

sometimes ornamented with patterns punched precaution [38], or a straight firmer, if it be 

with the edge of a gouge [34]. Set out the tilted sufficiently to allow the front point to 

..design for an occasional table [36] on a piece clear the surface. 
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THUMBING A FIRMER 
IN FLAT CARVING 



If the wood be hard or the design complicated, 
the outline must bo followed by selecting suitable 
tools to fit its varying contours, these being 
driven homo with the mallet or forced into the 
wood by throwing the weight of the body forward 
upon them [39]. Slope the cut slightly outwards 
from the pattern. 

Frequently, the 
margin will be 
found to present 
a rounded edge, 
or to show the 
ridge where two 
cuts may have 
overlapped. The 
latter may be over- 
come by selecting 
gouges of a rather 
flatter sweep than 
the convex curve 
to he travelled, or 
a trifle quicker for a concavity, 
and by letting each cut over- 
lap its neighbour; the former, 
by running a trough with a 
V tool within ^ in. of the out- 
line. When the firmer or gouge 
is used later on it will be found 
that the wood will break away 
into Ibis, leaving a sharp margin 
on the other side. Again, when 
firming in the vicinity of sharp 
points or weak places, the tool 
should be entered at a wide 
angle at some little distance 
from the outline, then nearer at 
a lesser angle, and so on, until the dangerous 
point is readied safely [45]. 

Difficulties Presented by Grain. 
Superfluous ivood must be removed to a given 
depth in the intermediary spaces, which is 
accomplished first with quick gouges, then with 
flat gouges to further level the floor, and lastly 
with flat grounders. In doing this, the difficulty 
of grain will again obtrude itself, for it seldom 
runs exactly parallel with the surface, but dips 
either one way or the other, leading the carver 
to bury his tool too deeply, splintering the wood, 
or undercutting the pattern. To overcome these 
dangers, several precautions must be taken. ( 1 ) 
When first fixing the panei on the bench, look at 
its edges and place it so that the grain may trend 
upwards from right to left ; (2) should it he 
irregularly wavy, constantly change the direction 
ot the cut to follow its upward curve ; (3) us.> very 
sharp tools ; (4) support the shaft of the blade with 
the right hand [40]: (5) always 
work a trifle obliquely to the grain ; 

(0) glide the tool along with an 
onward and at the same time cir- 
cular sweep, slicing the wood 
rather than making an abso- 
lutely straight cut through it ; 

(7) make sure that the firming 
cuts are of their full depth, especially in the 
neighbourhood of weak places and sharp points. 

A Much Abused Tool. The rovter [18] is 
invaluable for rapid grounding. Hold it tightly 



TOOL INTO 
WOOD 


USING GROUNDER 
FLAT GOUGE 
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with both hands and push it backwards and 
forwards with gradually increased pressure, 
letting it travel over the entire ground until 
its flat under surface rests everywhere evenly 
upon the face of the panel. Finisli corners, into 
which it cannot penetrate, w ith skew grounders. 

Most manuals de- 
cry the use of this 
handy little tool 
in no unmeasured 
terms. After all, 
it is the carver’s 
object to remove 
waste wood, and 
though it is per- 
fectly right he 
should learn to do 
this neatly, with 
very Hat gouges 
and grounders, 
there is no reason 
why he should waste valuable 
time over an unimportant de- 
tail of the work which he can 
accomplish twenty times more 
quickly with the use of the router 
than without it. 

When a perfectly level floor 
has been smoothed out, it may 
be stamped with a punch to 
throw up the pattern into 
stronger relief. It was not an 
uncommon practice in the 
fourteenth and fifteenth cen- 
turies to paint or gild tho 
ground, afterwards indenting it 
with geometrical designs or diapers. Occasion- 
ally it was left rough intentionally, the con- 
trast with the polished surface of the design 
answering the same purpose as stamping. Bv 
bevelling the top edges of a pattern at a wide 
angle and slightly undercutting the bottom 
ones, a pleasing elTect of light and shadow, 
suggestive also of greater depth, is gained. 

Sloping a Flat Surface. The 
stop forward is to slope the flat surface or tho 
ml tom. In its very simplest form, folds, turn- 
overs, ami interlacements aro suggested by a 
touch of the firmer or V tool; or il is scored 
with tho veiner or V to simulate the veins or 
irregular margins of leaves; or lowered m 
places to imitate tho appearance of an overlay. 

Set out the Jacobean panel [49 J. firm the 
outline of the outer shield and ground out as 
before, following the eourse of the arrow 144]. 
Now carefully linn the inner shield, lower to J in. 

in its immediate vicinity, then 
with very flat gouges gradually 
merge the depression into tho 
flat surface of the design, smoot h- 
ing finally with broad grounders. 

Sink with a flat firmer or 
gouge at A A to in*, then, 
starting from BB, slope down 
to the bottom of the cut. 

The inner lino on the border of the top siuelu 
is made cither with a tiny V tool or by simply 
scoring the surface with suitably shaped toos. 
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FACES OF VARIOUS PUNCHES 
USED IN WOOD-CARVING 
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Ribbon wavings introduce another modifica- 
tion — namely, rounding on the flat. 

Rounding on the Flat. Transfer the 
design to a panel of white deal [47]. Firm the 
outline as far as possible with the carver’s knife 
or a skew firmer, following 
the direction of the arrows. 

Enter a narrow parting 
tool at A, let it gradually 
bite deeper as it follows the 
sweep of the volute until it 
reaches B, keeping it thus 
far upon an even keel. Now 
tilt it gradually to the left 
that its right wing may be 
nearly upright by the time 
it reaches C. Return to 
B and tilt to the right, 
that the other wing may 
be almost perpendicular 
at D. Start from these 
points to firm out the 
rest of the scroll. Cut 
E with V tool. F is only 
half a groove. The ribbon side 
must be firmed and the slope 
trimmed down with a very flat 
gouge. Ground out as before. (In 
the original panel the ground sinks 
gradually from the margin, only 
reaching its maximum depth k in. from it as 
atG.) Sink with a firmer or gouge at HUH, 
slope down the surface with a wide firmer, 
merging it into the flat. With suitably shaped 
gouges make perpendicular 
cuts in the spiral lines, start- 
ing from 0. Now attack the 
ribbon. This can be accom- 
plished in two ways. If the 
slopo be with the grain, sink 
two perpendicular cuts where 
indicated, and shave down 
to the bottom of them with 
a broad firmer, starting with 
the blade nearly flat at the 
crest of the curve and 
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ROUNDING 

FLAT 



closely allied to flat carving and can be 
executed in two entirely different ways. Set 
out the diaper [43]. Cut perpendicularly 
along the outline with accurately fitting gouges, 
etc., next lower the groundwork by ham- 
mering with broad, blunt 
punches, leaving the pattern 
in relief. The disadvantage 
of only depressing the ground 
and not removing it is this : 
wood that has been com- 
pressed will regain its former 
shape when moistened ; thus, 
hot water spilled on a diaper 
ornamented tray would ob- 
literate the design. If, instead 
of punching the ground, 
the pattern itself be 
lowered and the whole 
surface planed level, the 
design will reappear in 
relief if the wood be 
soaked thoroughly, only 
requiring a touch of the 
tool here and there to sharpen up 
the outline. Naturally the relief 
is low, but this style of work does 
not readily lend itself to any other 
treatment. Great care must be 
taken to punch evenly, that the 
fibre of the wood may not be injured, for 
should this occur the pattern would not start 
up again when required. 

Incised Carving. Incised work requires 
little technical cxplanafion, 
for its details are similar to 
those of flat carving, from 
which it differs in only one 
particular — the design is 
formed by the portions re- 
moved, instead of by those 
which arc loft. To show it 
up more distinctly colour 
can be run into the cuts 
with a fine brush, or they 
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FLAT CARVING 


ON THE 


getting more and 
more upright as it 
reaches the bottom 
of the furrow [46]. 
If the slope be 
against the grain 
a macaroni can be 
used, or a V tool, 
which, after the 
first cut is made, 
can bo tilted on 
one side and made 
to model down the 
fold in the ribbon. 

Diaper Work. 
As the name sug- 
gests, diapers are 
series of repeated 
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47. Jacobean rounding on THE flat can be filled up with lacquer 

and the whole 
scraped perfectly 
level and polished. 

S cu lpt ur e 
d* Applique. Flat 
and incised carving, 
as well as diaper 
work, can be imi- 
tated easily by what 
is called sculpture 
d* applique, or ap- 
plied overlays. 

Several thin sheets 
of wood are super- 
imposed and the 
pattern fretted out ; 
these pieces are next 
fixed in the required 
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patterns contained in diamond-shaped compart- position with glue, the groundwork punched down 
ments resembling the designs seen upon old and the whole finished by paring down any rough 
napery. This style of wood decoration is edges that may obtrude themselves too vividly. 

Continued 
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By MARY WILSON, A.R.A.M. 


IT would not be true to say that a voice can 
* be created or made by a teacher of singing ; 
but all voices, good, bad and indifferent, may 
certainly bo greatly improved and developed 
by a proper method of voice production. 

The First Essentials. It is not enough 
to sing the melody perfectly and pronounce 
the words clearly ; more than these qualifications 
are needed. A perfect understanding of the* 
subtleties of a song is required if the listener is 
to be moved. The student should try to realise, 
as he sings, how he would feel were the words 
of the song his own and the outcome of his own 
feelings. 

Tt is possible for everybody to do this, although 
in some natures the gift is more developed than 
in others. 

The artistic side of the art of singing, however, 
should never tempt any singer to neglect or 
depreciate the technical side of it. It is essential 
that the a*sthetie part of singing should ho 
preceded by a thorough technical study. 

First and chief of these is a correct method of 
breathing. Too great importance cannot be 
attached to this. Some of the old Italian sing- 
ing masters used to say that “ breathing well 
meant singing well.” Perhaps this is rather an 
exaggerative assertion, but, at any rate, it is 
certain that a person cannot sing properly if 
he cannot breathe properly. Tt requires diligent 
and careful practice, but if the student will bo 
advised by a thorough and experienced teacher, 
he will surely make up his mind at the very 
beginning to thoroughly master the art of 
respiration. 

Training the Vocal Organs. Having 
at last so far succeeded in this all-important 
study, he may then turn his attention to 
the training of the vocal organs. It must be 
borne in mind that voice production cannot be 
forced ; it must, be developed slowly and surely, 
or the result will be disastrous. 

The study of songs must not be entered upon 
at too early a date ; let the student work at 
scales, exercises and solfeggi until he is able to 
sing them without being in the least conscious 
that he possesses a throat, or, in other words, 
until his production is perfectly easy. He will 
then be able to give the whole of his attention 
to the meaning of the words and the conception 
of the song, because, through careful, con- 
scientious, and regular practice the technical 
side of his art will have become “ second nature ” 
to him. 

It is not the singing voice alone that is bene- 
“ted ; the speaking voice, too, receives a large 
share of the profits. 


Four distinct attributes are essential to 
musical sound— Volume, Pitch, Quality, and 
Duration. 

Volume (strong or weak) depends upon the 
vocal cords, the resonance chambers, and the 
relative amount of breath pressure. 

Pitch (the height or depth of a note) depends 
upon the number of vibrations in a given time. 

Quality depends upon the pharynx princi- 
pally, together with the cavities of the chest, 
mouth and head, which act as resonators. 

Duration depends entirely upon the breath. 

The production of very few voices, either in 
singing or in speaking, is quite perfect. The 
voice should he trained in order to make it 
respond to the will, to make it firm, reliable, 
strong, and flexible, easy to use, and to ensure 
correct intonation (to help a person to sing in 
tune); to point out and correct faults; to 
understand the art of phrasing; to bring out the 
various degrees of expression, and to become 
familiar with the different styles of singing. 

How the Voice is Produced. The human 
voice cannot be described as any particular 
instrument or thing. To produce it there must 
be four distinct organs, working together, hut 
quite independent of each other. They are : 

Tuk Bellows, properly termed the lungs, 
together with the wind or breath. 

The Voice-box. properly called the larynx. 

The Resonator, properly called the pharynx, 
together with the mouth and nasal cavities. 

The Articulator, which consists of the 
tongue, teeth, lips and mouth. 

(.liven these four requisites, voice can he pro- 
duced by filling the lungs with air and allowing 
it to pass out through the mouth. A man, 
mentally, though probably unconsciously, says 
ho wishes to utter a sound, or to sing ; the breath 
is the motive power, and as it passes from the 
lungs it Havels through numerous tubes until 
it reaches the larynx or Adam’s Apple. In 
the Adam’s Apple, or voice- box, are two liga- 
ments which lie across the throat from front to 
hack. When the order is given for a sound to 
be produced, these ligaments unconsciously 
close, and th<* breath strikes against the edges 
of them, setting them vibrating or oscillating, 
and the issue is voice, or sound. The ligaments 
are generally called the vocal cords or vocal lips. 

It requires careful study and much thought 
to fully understand the parts used in tone- 
formation. 

Naturally it is much more difficult to grasp 
the principles of singing than of instru mental 
playing, because the student can set the different 
movements and actions necessary, whereas with 
the singer much has to be taken for granted. 
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He has to trust chiefly to his hearing — which 
at best is only an after-effect — for he cannot, 
except mentally, direct his vocal cords, and 
certainly cannot see them working. There must, 
of course, be no trusting to chance. It is very 
important that he must know exactly what tone 
and effect he is striving for, and, to acquire these 
desired effects, it is necessary to know some- 
thing of the anatomy of the vocal instrument. 
In order that the student shall not become 
wearied, the descriptions of the various organs 
used in voico production are set down as con- 
cisely as possible [1 and 2]. 

The Larynx. The apparatus by which 
vocal sounds are produced is called the larynx, 
which is the special organ of phonation. It is 
placed at the top of the windpipe, immediately 
under the floor of the mouth. If the fingers are 
lightly placed on the projecting part in the fore- 
part of the nock, it will be found that, when 
swallowing, that part moves up and down, and 
that is the larynx or voice-box, more commonly 
called Adam's Apple. 

It is triangular in j„ ASAL CAvmcs 
shape, and open at 
l>oth ends, top and 
bottom, so that the p , 

breath can pass in 
and out from the 
lungs. It is more * 

noticeable in men 
than in women, and 

it is easy to see it 
move up and down Q. external 

as they talk. [1A] 

Vocal Cord9. In- 
side the triangular- 
shaped box, or larynx, Rtgs 
are two Hat hori- 
zontal folds, or cords, 
which stretch across 
the throat from the 
front to the back. 

These are the vocal G 

cords. It is the greater ^ 

or less tension of these, 
together with the 
breath, that gives us 
what we know as 

sound or voice. The 

higher the pitch of the 

note, the greater is the ^ producti 

tension and more 
closely together are the vocal cords. [2B] 

The Glottis. The space between the vocal 
cords is called the chink of the glottis. [2C] 

The Epiglottis. At tho top of the larynx 
is a self-acting cover, or lid, which is not unlike 
a bird’s tongue to look at. Directly a person 
wishes to swallow, this little lid, called the 
epiglottis, shuts down tightly, like a miniature 
trapdoor, on to the windpipe (trachea), the 
object being to prevent food from passing into 
the larynx. Who has not felt the unpleasant 
sensation of choking when food has gone the 
“ wrong way” ? This happens when the epi- 
t glottis does not do its work quickly enough. [ID] 
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The Lungs. The lungs, which are two in 
number, called the right and left, are the bellows 
of the human body. They are a very spongy 
and elastic tissue, and may be likened to two 
sponges. They are capable of great expansion 
and contraction, and are plaqpd, or, to be more 
correct, suspended in the upper part of the 
body, which is called the chest (thorax). They 
are connected to the windpipe by two tubes, 
which divide and subdivide until the Bize of the 
smallest pipe, if such it can be called, is about 
the fortieth part of an inch long. At the end 
of each tube, or pipe, is a minute air-cell. In 
the chest, which is an air-tight compartment, the 
lungs and the heart fit quite closely. The floor 
of the chest is known as the diaphragm, of 
which more will be said later. The walls or 
sides are formed by tho ribs, together with the 
breast- bone. [2E1 

The ceiling, or top, is formed by tho ribs, 
collar-bone, and the root of the neck. The 
lungs rest, as it were, on the diaphragm. Tin*. 

size of the lungs de- 
J caw tu pends entirely upon 
A/ the size and build 

of the body. Then- 
colour is a kind of 
purple, or rather 
dark bluish red. Their 
°* chief work is to supply 

the blood with pure 
air and to free it from 
carbonic acid ; it is 
G external quite necessary thcre- 

r^JmJsYlVs f° re ft l ways to breathe 
fresh air. 

The Diaphragm 
R/g5 or Midriff. The 

largest muscle in the 
body is an involuntary 
one, called the dia- 
phragm, or midriff. It 
divides the upper pari 
.£ (the chest) from the 

I lower (the stomach); 

that is, it lies across 
the body. Tho outer 
parts are fixed to the 
lower ribs. 

When the lungs are 
almost empty, or. in 
>n of the voice other words, during 

the act of exhalation, 
the diaphragm is almost dome-like in shape. As 
the lungs rill with air they press on the diaphragm 
until it becomes much flatter in appearance. 
Only will power can control this huge muscle, 
and, as it plays such a very important part 
in the art of respiration, the student cannot 
be too diligent in his endeavour to mentally 
control it. [II 

The Rib Muscles. On each side of the 
chest there are twelve ribs, making twenty-four 
in all. Each is connected with the backbone 
or vertebral column ; they curve round to the 
front, and seven pairs, counting downwards 
from the neck, are joined to the breast-bone ; 
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the eighth, ninth and tenth are joined to the 
seventh, whilst the eleventh and twelfth pairs 
are not attached to any part in the front, and are 
commonly called the “ floating ” ribs. Connected 
with the ribs are two ’kinds of muscles— the 
outer and the inner intercostal*. As the lungs 
become inflated the outer intorcostals raise the 
ribs upwards and outwards. As the lungs empty 
themselves, the inner intercostals come into 
play and bring the ribs back to their former 
position. The student’s attention is drawn 
particularly to the movements of these muscles, 
as a thorough understanding of their working 
is essential before he can master the art of 
breathing. *[1G] 

The Pharynx. Tho pharynx, or throat 
chamber, is the cavity situated in the upper 
part of the throat, behind the mouth. There arc 
live openings into it — from the car, nose, lungs, 
moutn and stomach. 

The throat chamber is subject to great varia- 
tions, being capable of 
great expansion and con- 
traction. It is the prin- 
cipal resonance chamber 
of the voice. The colour 
and timbre, as a matter 
of fact, depend almost 
entirely upon it. [1HJ 

The Nasal Cavi- 
ties. The nasal cavities 
are really the external 
and internal nostrils ; 
the last named join the 
pharynx. The hard and 
soft palates make a floor 
for thorn. The nasal 
cavities assist very con- 
siderably in tone pro- 
duction, by helping to 
make the voice more 
resonant. [2JJ 

The Jaw. Tho lower 
jaw plays a very promi- 
nent part in tho art of 
singing, helping princi- 
pally in pronunciation. 

It is essential that 
it should bo kept loose and free. Lamperti, 
in his famous “Treatise on Singing,” attaches 
great importance to this. When the jaw is 
loeso ana free, so are the muscles of the 
throat. The distance between the teeth should 
never be less than a thumb’s width when 
singing. [2K] 

Hard Palate, If the Htudent places his 
finger inside his mouth immediately behind 
the upper teeth, ho will find a hard, fixed and 
slightly ribbed substance ; it is known as the 
hard palate. On moving his finger a little 
further along the hard palate, he will come to 
a dome-like part ; this is called tho Palatino 
Arch [2M] ; these two greatly influence vocal 
tone. [2L] 

Soft Palate, Carrying the finger still 
further into the mouth, the student will come 
to a very sensitive, soft, fleshy and movable 
part of the roof, which possibly he may not be 
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able to touch without feeling siok. This is called 
the soft palate. It consists of a number of 
muscles which work at will. If the student 
draws in a breath through the mouth as if ho 
were going to yawn, he will feel his soft palate 
rise, and it will appear to become a continuation 
of the hard palate. He should practise raising 
his soft palate in this way, so that when h 
sings he will be able to raise or lower his palate 
at will. One of the most common faults of 
singers of the present day is their inability to 
do this, and in consequence they almost invari- 
ably sing with their palates “ down.” This 
makes the tone nasal and indistinct, and 
prevents the voice from “ carrying.” 

These two palates may he called the sounding 
board of the voice, and the correct use of them 
is of the greatest importance. [2NJ 

The Uvula. At the back of the mouth, 
suspended from the middle of the soft palate 
may be seen a soft red pieco of flesh about tho 
size of the kernel of a 
hazel nut. This is the 
Uvula. It rises with the 
soft palate, and in some 
mouths seems to dis- 
appear altogether. Its 
work is to close the 
nasal passages, and so 
prevent the tone from 
becoming nasal. This 
does not, however, in- 
terfere at all with nasal 
resonance. [20] 

The Teeth. No 
opportunity should he 
lost for impressing upon 
the student the great 
necessity for taking care 
of his teeth. Their work 
in singing is to help in 
the articulation of tho 
consonants. A song be- 
comes stupid and feeble 
when the consonants 
cannot l»o heard clearly 
and distinctly. The con- 
sonants, not the vowels, 
are the backbone of diction, and since the 
consonants arc formed largely by the teeth, 
the care of the teeth is one of the first con- 
siderations in singing. [2P]. 

Classification of Voices. Generally 
speaking, human voices may be divided into 
two large classes, male and female. These are 
subdivided a-> follows : 
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MALE. 

Haiutoxk. Tkkor. 


Hasso ll.'isso 
Profondo. Caiitante. 


i Tenor 
[ Rolmsto. 


Tenor 

Leggiero. 


Alto, On 

COUNTKll- 

TKXOit. 


FEMALE. 

CONTRALTO. MkZZO-HOPR \XO. 

Soprano Drammatioo. Soprano Leggiero. 

The quality of the middle notes of a voice, 
not the compass, determines its classification. 
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The student cannot be too particular in grasping 
this fact. 

During the first singing lesson it is often 
difficult for a teacher to classify a voice definitely. 
A number of lessons may be necessary before 
such decision can be made. For example, a 
student may come to him and sing a song 
of soprano compass w ith effect ; but because 
she is able to sing the head notes in a 
soprano voice— even if the compass is high — 
it does not necessarily follow that she is 
a soprano. The tone and quality of her 
middle notes must be listened to carefully 
by the teacher ere he can decide. 

The vocal cords of a 
bass and baritone are 
broader, thicker, and 
longer than those of a 
tenor and soprano. The 
kind of voice — soprano 
or contralto— is 
governed, therefore, 
chiefly by the size of the 
cords. 

Although great simi- 
larity may exist, no two 
voices are quite alike ; 
they differ in indi- 
viduality as much as do 
faces, largely owing to 
the formation of the 
resonance chambers. 

Compass. The 
compass of a voice is 
the range of sounds it is 
capable of producing, 
and these sounds are 
divided into registers. 

Each voice has three 
registers, which will be 
explained later. The 
table on this page shows 
the compass of the 
respective voices, but 
does not include voices 
of exceptional range. 

Voice Character- 
istics. We must now 
consider the character- 
istics of the different 
voices. 

Basso Profondo. The 
Basso Profondo, which 
is the lowest male voice, 
is seldom met with now - 
adays. Tt is the fullest 
and deepest of all voices. Its chief characteristics 
are volume, intensity, richness, and broad phras- 
ing ; and its development is slow. There is always 
a great tendency to force, so the student must 
exercise much care and patience to avoid this 
fault, or the voice will become coarse. Another 
point to be carefully noted is the intonation. 
The vocal cords of a basso profondo are very 
thick, and in consequence the voice is particularly 
adapted to the sustained and declamatory 
styles of singing, but are, of course, quite 
unsuited for florid singing. 

mo 


Basso Cantante. Although not so heavy, 
the Basso Cantante is more general than the 
basso profondo. Besides being lighter in quality, 
it has greater flexibility and a little higher range, 
as will be seen on reference to the compass. 
But, compared with the tenor and women's 
voices, it is deep and powerful. Its notes arc 
capable of greater resonance than those of the 
baritone. The lowest notes, E, F, and F £ in 
an untrained basso cantante voice may be 
w r eak, but with careful training they become 
full and rich. 

Baritone. The Baritone in the classification 
of men’s voices corresponds to the mezzo- 
soprano in women's 
voices, and j^artakes of 
some of the character- 
istics of both bass and 
tenor, with a greater 
resemblance to the 
former. It is capable 
of greater expression and 
modulation than tin* 
bass, besides being more 
flexible and mellow. Jt 
is the most general of 
all male voices. Although 
it does not possess the 
volume of the bass, it is 
fuller than the tenor. 
The great evil to he 
guarded against in the 
training of this voice is 
the tendency to shout 
and strain The voice 
naturally is not tlic 
size of the bass, so the 
student must exercise 
great care not to force 
it or he will spoil the 
quality, and in time 
ruin the voice. The 
weakest notes of the 
baritone voice are the 
low A 1 , A, and B. 

Tenor. Of the male 
voices the Tenor is the 
highest. There are two 
kinds of tenor voices, 
the Tenor Leggicro or 
light tenor, and the 
Tenor Robusto , or full 
dramatic tenor. The 
volume and quality of 
these two varieties of 
tenor voices distinguish 
them from each other. The music for the tenor 
voice is usually written in the treble clef ; it 

must be borne in mind, however, that the pitch 

of the notes actually sung by the tenor voice is an 
octave lower than that indicated. For example, 

tfie notes B when sung by 

H 

a tenor are actually 

Originally, music for the tenor voice was written 






in the tenor clef. The old clefs in singing 
are seldom used at the present. The above 
notes in the tenor clef would be written 

~ = II 

Tenor Leooiero. The Tenor Leggicro, or 
light tenor, is noted for its brilliancy, lightness, 
and flexibility. The tone is most delightfully 
silvery, but wanting in sustaining power, Tt is, 
perhaps, the most difficult and delicate of all 
voices to train. It requires coaxing, then 
sweetness of tone and grace will result. 

Tenor Robusto. The Tenor Robusto, or full 
dramatic tenor, like the basso profundo, is some- 
what rare. It is full and rich, capable of great 
modulation, and can portray any passion 
necessary. The notes from F, first space, to B 
third line, are the most difficult to cultivate, and 
not infrequently are rather weak. . Great care is 
necessary at the beginning of the training that 
the voice is not mistaken for a baritone. This 
is of the utmost importance, for if trained as a 
baritone, it wall follow that the medium notes 
of the tenor are trained as baritone head notes, 
with disastrous results. 

Alio. As a solo voice the Alto, or counter- 
tenor, is not very pleasing, but is useful as the 
highest voice in male part-songs and glees. It 
is most frequently met with in church choirs. 
Being an unnatural voice, very careful training 
is required. 

Contralto. The Contralto is the fullest, 
deepest, and strongest of female voices, and is 
more capable of modulation and lender feeling 
than either the mezzo-soprano or soprano. 
Like the bass, it is not very flexible, and is par- 
ticularly adapted to sustained and declamatory 
styles of singing. The weakest notes are from 
F, first space, to C, third space. Strict attention 
should be given to the cultivation of these notes 
during the first lessons, and special care must 
also be exercised to avoid forcing the chest 
notes, those from E, first line, down the scale. 

With the majority of contraltos it is noticeable 
how weak are their medium, or middle, notes. 
This is due entirely to forcing the chest notes, 
which, when forced to any extent, become 
coarse and blatant, and produce, together with 
the weakened middle notes, the effect of two 
distinct voices. 

The registers of contralto voices require the 
closest attention. Equality of tone is perhaps 
the most important feature to be developed in 
cultivating the contralto voice. 

Mezzo-soprano. The Mezzo-soprano voice 
holds a similar position in femalo voices to that 
held by the baritone in male voices. It possesses 
some of the qualities of the contralto, notably 
fulness, mellowness, and roundness, being like 
the soprano inasmuch as it is capable of great 
flexibility. When perfect, it is often considered 
the most beautiful female voice ; but it must t>e 
remembered that as it partakes of both contralto 
and soprano it must needs share the faults of 
both. Therefore, judgment and caution must 
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be used in training to avoid its being taken too 
high or too low. 

The greatest danger is that songs and exercises 
of too high a range are often sung by the mezzo- 
soprano, and if this practice is continued, tho 
voice will bo ruined. Tt is una<,lvisable, and often 
harmful, for a mezzo-soprano to sing contralto 
songs and exercises, although the result may not 
prove quite so disastrous as the singing of 
soprano songs. 

At the beginning of study, let the middle notes 
be carefully trained, and the upper and lower 
notes develop naturally. 

Generally, the weakest of all mezzo-soprano 
notes is E, fourth space 

Soprano. The two kinds of soprano voices — 
the Soprano Drammatico , or dramatic soprano, 
and Soprano Legyiero, or light soprano — cor- 
respond almost exactly with the two kinds of 
tenor voices which have already been described. 
The soprano is the highest human voice. Because 
a woman’s voice may be high in pitch, it is not 
necessarily a soprano — it may be a mezzo. The 
quality of the notes in e/ery case decides the 
voice. 

In training the soprano voice the tendency to 
overwork the highest notes must be strictly 
guarded against ; if this injurious practice is 
continued, the tone will become weak, shrill, 
wiry, and thin. 

The emphatic remarks made about the intelli- 
gent cultivation of the other voices previously 
noted apply with equal force to the light and 
dramatic soprano. 

Respiration. It is of the utmost import- 
ance that before attempting to sing a note the 
student should try to acquire a correct method 
of respiration, or breath control. 

The respiratory apparatus consists of the 
chest, thorax, and the respiratory tree (arbre 
re.spiratoire ), which includes the larynx, the 
windpipe, the bronchi, and the lungs. The 
respiration of the animal kingdom is entirely 
opposite to that of the vegetable. In the former, 
oxygen is inhaled and carbonic acid exhaled ; 
plants inhale or absorb carbonic acid and exhale 
oxygen. 

Every human being and every animal from 
the moment of birth to that of (loath breathes ; 
but very few of the former have naturally a 
correct method of respiration. It is essential 
that everyone, whether singers or not, should 
breathe in the manner intended by Nature. 
Unfortunately, civilisation, combined with the 
present mode of dress, has done much to hinder 
this. Savage races and the lower animals, whose 
bodily freedom is not impeded by clothing, 
breathe perfectly, because mi tu rally. 

The art of respiration comprises two move- 
ments — Inhalation or Inspiration, and Exhalation 
or. expiration. With the former, life begins ; 
with the latter, it ends. The average person 
inhales about 12 quarts of air per minute, 720 
quarts per hour, 4,320 gallons per day. The 
lungs, however, are capable of receiving seven 
times this amount. 

Speaking of people in general, the quantity of 
air they draw in at each inspiration expands the 
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upper part of the lungs only ; when the inspira- 
tion is full, the lungs expand at- the base also. 

The student’s attention should be directed to 
the muscles controlling respiration, not to the 
lungs, which are passive. They of themselves 
cannot move or extend ; it is the influx of air, 
together with the action of the muscles, that 
enlarge the lung space. 

Exercises on the art of inspiration will follow. 
After the student has thoroughly mastered the 
art of inhalation, he may turn his attention to 
that of exhalation or expiration — the out (lowing 
of the breath ; but this must not be attempted 
too soon. Correct exhalation is even more 
difficult than correct inspiration. 

Beauty of tone, phrasing, expression, duration, 
and so on depend entirely upon a correct mode 
of respiration. 

Breath Management. Three methods 
of breath management are recognised : ( 1 ) 

diaphragmatic, (2) intercostal, and (3) clavicular ; 
but the first, diaphragmatic, is the only correct 
met hod. 

When diaphragmatic breathing is employed 
the lungs, which are fully inflated, press on the 
diaphragm ( 1FJ, and push it down on to the 
stomach, which in turn expands : at, the same 
time, the outer intercostal muscles [10] draw 
the ribs upwards and outwards, and in this way 
the cavity of the chest is considerably enlarged. 
The movements of these muscles an* concomitant. 

If the clothing is moderately loose, the dia- 
phragm will work naturally, enabling the student 
to direct his whole attention to the movements 
of the rib muscles. 

The shoulders should on no pretext whatever 
be raised during the act of respiration. Both the 
chest and stomach must expand whilst inhaling. 

The second method necessitates the movement 
of the ribs only, which are raised and pushed out 
and the stomach slightly yet unconsciously 
drawn in, the diaphragm remaining stationary. 
Although frequently employed, this method is 
really insufficient, ^and often proves injurious. 

The clavicular is decidedly incorrect ; any 
6tudent who understands the shape of the lungs 
and chosl will perceive how pernicious it is, and 
abandon it at once. When this mode of breathing 
is practised, the diaphragm and the lower inter- 
costal muscles are inactive, and their work is 
wrongly thrown upon the shoulders and collar- 
bone, which have to be raised and the muscles of 
the throat contracted to prevent the breath 
from rushing out from the upper parts of the 
lungs. The lower parts of the lungs in this 
method are never inflated. The column of air 
is shortened, and, in consequence, too great a 
pressure is put upon the vocal cords, setting up a 
hideous tisemolo, which, if indulged in for any 
length, becomes incurable. 

Some teachers of singing maintain that it- is 
impossible for women to breathe diaphragmati- 
cally, an idea which is erroneous. It may not be 
possible for them to breathe so deeply as men — 
and owing to their structure there will always 
bo a wider expansion of the chest — but with 
patient practice and perseverance every woman 
is able to breathe in this way. 
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To breathe diaphragmatically the body must 
be easy and natural. Both feet should be placed 
firmly on the ground, with one foot slightly for- 
ward bearing the full weight of the body. During 
practice it is advisable that the student should 
stand with his hands behind him, lightly resting 
them on the small of his back. 

The shoulders must be kept back naturally and 
easily, and not be allowed to rise, the point of 
the shoulder being in a vertical line with the for- 
ward foot. When this position becomes strained 
tin* rear foot may be brought forward and the 
weight transferred to it. The chest must be well 
expanded, yet without drawing down the shoul- 
ders unnaturally. The muscles of the throat 
must be relaxed, the neck quite free and un- 
constrained, tin* head slightly forward and erect , 
not depressed, and the chin kept back, not 
pushed forward. 

Let the mouth assume a smile so that the 
upper lip is slightly drawn off the teeth ; also keep 
the tongue quite flat. 

One of the commonest faults with beginners is 
the moving of the mouth and chin after the 
breath lias been inhaled. This must be assidu- 
ously avoided by the student, who is recommended 
to practise before a mirror so as to guard against 
this bad habit. 

Let the expression of the eyes be perfectly 
natural. Keep the eyebows still and the fore- 
head smooth, as there must be no sign of effort 
or exertion whatsoever. 

The following breathing exercises must lx* 
practised in pure air, not in a room where the 
air has been used up. They should never be prac- 
tised when the body is fatigued, nor imme- 
diately after meals, because if the stomach 
is charged w ith food the diaphragm cannot work 
as it should. The best time to practise is in the 
morning whilst dressing, or about an hour and 
a half after breakfast. No tight clothing ought 
to be worn round neck or waist. 

Although not absolutely essential, it is cer- 
tainly advisable that both singers and speakers 
should keep their nostrils clean and free ; this 
can he easily accomplished by using as a nose 
bath every morning a tumblerful of tepid water 
in which has been dissolved a tablespoonful of 
common salt. Four a little of this into the 
hollow of the hand, and sniff it up the nostrils 
alternately three or four times. All foreign 
substances are removed in this way, and 
inhalation is greatly assisted. 

Exercises for Inhalation. The first 
exercise is to inhale very slowly, quietly, and 
evenly through the mouth, which must be partly 
open to prevent the air passing through the nose. 
Place the hands lightly on each side of the body 
to feel the lower ribs expand. If pressed too 
heavily, the ribs will be prevented from moving 
to their fullest extent. 

When the ribs are expanded to their utmost 
mentally count five, then let the breath rush 
out through the mouth. This ought to produce 
the sensation of the total collapse of the chest. 

When five can be counted with great east*, 
increase the number to seven, nine, eleven, and 
thirteen. This exercise should be practised 
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twenty times a day, at four distinct intervals ; 
it must never be practised twenty times in suc- 
cession, as it is too fatiguing. It should be noted 
that the breath should be controlled by the 
diaphragm and rib muscles only. 

To put it concisely, the exercise is this. Breathe 
slowly, quietly, and evenly through the mouth ; 
hold the breath whilst mentally counting five; 
let the breath rush out through the mouth. 

For a second exercise, inhale as in the pre- 
vious exercise. Hold the breath whilst mentally 
counting three ; re-inhale without allowing any 
of the first breath to escape ; count one, then 
try and inhale again — that is, three inhalations 
in all — then let the breath rush out through the 
mouth. This must not be practised until the first 
exercise has been completely mastered. It must 
never bo practised more than nine times a day 
at three distinct intervals. The object of this 
exercise is to increase the girth of the lower part 
of the chest. 

The next exercise is to inhale through the 
mouth quickly and quietly, mentally counting 
live whilst holding the breath with the diaphragm 
and rib muscles ; then let the breath rush out 
through the mouth. (Gradually increase the 
number counted. Practise twenty times a day 
at four distinct intervals. It is possible that 
the student may make a gasping sound whilst 
inhaling quickly, but this can be avoided if the 
soft palate and uvula are raised. On no account 
must the shoulders bo raised. 

The fourth exercise is to inhale quickly 
and quietly. Count three, inhale ; count one, 
inhale again ; then let the breath rush out imme- 
diately through the mouth. Practise nine times 
a day at three distinct intervals. Should the 
sides of the mouth become dry, let the student 
inhale alternately through the nose and mouth. 

Exercises for Exhalation. The first 
exhalation exercise is most generally used in 
songs, solfeggio, etc., when the breath has to he 
taken in hurriedly. 

Inhale quickly and quietly through the mouth, 
hold the breath whilst mentally counting five', 
then let it pass out slowly and silently ; keep the 
lower ribs expanded as long as possible, and feel 
that the stomach is very gradually inclining 
inwards and upwards. Be careful that the upper 
part of the chest does not move, and guard against 
puffing out the chocks. Until the student 


becomes quite familiar with the movements 
required it is advisable that- ho should place one 
hand on his loweV ribs and the other on his chest. 

This exercise must not be attempted until the 
inhalation exercises have been thoroughly 
mastered. Practise fifteen times a day at three 
intervals. To express this briefly, take a quick 
quiet breath through the mouth, hold whilst 
mentally counting live, exhale very slowly. 

A Difficult Exercise. W e now come to 
the* last exercise. 1 1 should always be used at the 
beginning of a song or solfeggio, or where a phrase 
is preceded by a rest. The remarks referring to 
exhalation in the first exercise apply equally to 
this. Tt requires very careful and diligent 
practice, or it will never be perfect. 

Inhale slowly and silently through tlu; mouth ; 
mentally count five, and, by degrees, seven, nine, 
and eleven; exhale very slowly , keeping the ribs 
expanded till the last particle of air is expelled. 
This must not be practised more that nine times, 
at three distinct intervals, jls it is very fatiguing. 

All these exercises must be studied and per- 
severed with in the above order to ensure eompleto 
mastery. When this has been accomplished, 
three of them must still be carefully and regu- 
larly practised every day, not only by the novice 
'but also by the advanced student — inhalation, 
fust, exercise ; exhalation, first exercise ; exhala- 
tion, second exercise. They must he practised 
in this order. 

Exhalation is controlled entirely by the 
diaphragm and rib muscles. The student must 
exert all his will power to prevent the rising of 
the former and the falling in of the latter after 
he has expanded the lungs by inhalation. It 
should be remembered that it is the will alone 
that can control their movements. 

Another exercise of lesser importance, blit bene- 
ficial to the student, is to inlmle slowly, hold the 
breath whilst mentally.eounting five, then exhale 
slowly, counting aloud first as far as seven, then 
ten, increasing the number as he gains control 
over his breath. He may also recite the letters 
of the alphabet in the same way, but he must cease 
counting or reciting before the last particle of 
breath has expired or the end of the phrase will 
sound gaspy, and this will be quickly detected by 
a listener. Tt has been well said that by observ- 
ing how a phrase is finished we can tell if tho 
respiration is correct or incorrect. 
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A RETAIL business is unavoidably burdened 
** with nn endlesR amount of detail, all of which 
must be satisfactorily dealt with from the point of 
view of both trader and customer. A well-con- 
sidered system is needed to bring about this result, 
whether the business be on a large or small scale. 

The system must be adapted to the needs of 
the army of buyers who gather in goods from all 
parts of the world ; to the stock which must he 
kept up all the year round ; to the goods which 
must be received, opened, checked, priced, sold, 
packed, and delivered or shipped, as the case may 
be. Shipping, stock, sales, order and department 
records must be kept. The problem presented by 
each phase must receive equal attention. Buying 
merchandise for stock requires a number of records, 
statistics of previous business, amount of salt's, 
the lines most in demand, the undesirables, the style 
tendencies, the probable outlet, prices, amount 
on hand, lists of manufacturers, comparisons of 
values, prices, terms, etc. All these records must 
be kept available. The card system may be 
applied to all, and managers will find no difficulty 
in installing systems for dealing with these records. 
Ordering, selling and accounting are not the only 
phases of a great business which require systematis- 
ing ; there is the government of the vast army of 
employes, the care of the building and fixtures, 
the work-rooms in which goods are made to order, 
remodelled, repaired, etc. It is obvious that it 
would take volumes to describe systems for all of 
these ; the most important only can be touched 
upon. 

The Organisation of the Establish- 
ment. The general manager, who holds all the 
threads of government in his hands, is responsible 
for the organisation of the establishment and for 
the harmonious working of the various systems 
installed. One of the fundamental principles of 
a successful organisation, however, demands that 
one person alone should not be held personally 
responsible for all details ; responsibilities are 
divided into sections, and every person , who is 
capable is made responsible for a certain definite 
portion of the work, under the superintendence of 
a higher authority, and is made to feel that the 
firm depends upon him or her for the faithful 
performance of duty. Responsibility might, 
therefore, bo divided as follows: (1) suyjcrintondent 
of employes : (2) superintendent of systems ; 

(3) superintendent of buildings and fixtures ; (4) 
supervisor of exjwnsc ; (5) superintendent of 

counting-house ; ((>) superintendent of merchan- 
dise ; (7) manager of publicity. 

All the superintendents report to the general 
manager as to their own province. The superin- 
tendent of systems takes cognisance of the shipping 
and waggon delivery, pneumatic tube, telephone 
and lift services. 

The superintendent of buildings has charge of 
supplies, stationery, printing, power, heat, lighting, 
machinery, water supply, ventilation, sanitation, 
fire-prevention, and housekeeping, each of which is 
placed under the authority of a responsible person. 
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The supervisor of expense lias access to all 
records, investigates all items of expense in practice ; 
sees to it that a proper balance exists between 
expenditure and returns: points out extravagances, 
suggests economies, advises as to profi table outlay 
on plant, equipment, etc. 

The superintendent of the counting-house has 
jurisdiction over credits, collections, legalities, 
the pay roll, bookkeeping, billing, cash, auditing, 
etc. 

The merchandise sii]>erintend: nt is concerned 
with the buying, the travellers, the stock, the 
window and interior d is] days, warehouses, special 
sales, packing, etc. 

The Care of the Stock. The first step 
in establishing the various necessary systems is 
to make out a classified numerical index of every 
article kept in stock, from a pin to a suite of 
furniture. The simplest method is to divide flic 
stock into departments corresponding with Ihe sale 
departments of the firm, and to designate these by 
means of capital letters, or combinations of letters 
if the departments are many. The articles sold 
in each department are then numbered, beginning 
with I in each case. The deeinial system may here 
be pressed into service in large businesses with 
advantage, and is applied thus : We shall suppose 
that a haberdashery department is K ; K 5 might 
represent pins, K 5*1 will l>e toilet pins, K 
white safety pins, K 5*21 black steel safety pins, 
K 5*3 hair pins, etc. ; K (> might be cottons, K tbl 
white sewing, K 0*2 crochet, K (i\3 soft darning, 
etc. A card drawer or cabinet is provided for each 
department, and a perpetual inventory of stock 
kept. Every article sold, or the box, drawer or 
division in which it is kept, bears the distinguishing 
symbol, and the assistants must, in making out their 
bills, quote the stoek number in clear figures as 
well as the quantity and price of each item sold. 
Each assistant should besides have an alphabetical 
and classified list of the goods in his or her charge 
with their symbols — with or without prices current 
— for consultation in case of need when making 
out the bills ; these lists might be kept in their 
check books. 

Perpetual Inventory of Stock. After 
the bills or cheeks for each day have been dealt 
with bv the counting-house, they are turned over 
to the stockkeeper’s assistants, who post up each 
item of sale on the proper card of the ]>erpetual 
inventory, deducting the quantities sold from the 
Block on hand. The assistant salesmen and sales- 
women have slips in all the boxes, drawers, shelves, 
etc., in which the goods for sale are kept, .and each 
sale must be at once registered and deducted from 
the balance on hand. Once a week or once a 
month these slips are sent to the stockkeeper, new 
sets of slips being given out, and they are checked 
over with the inventory. Any article required for 
use in the work-room may be delivered only on 
written requisition, which is then clipped to the 
bill made out on special yellow forms, and sent to 
the cash desk. The assistant rings round the entry 
on her slip and adds the letter of the department 




which has requisitioned, and the number of the 
requisition order in the proper columns provided 
for the purpose on the slip. 

It is important that the danger limit of every 
article of stock be clearly stated at the top of its 
inventory oard in red ink. The clerk who posts up 
the sales must carefully watch this number, and 
when his balance approaches this limit, he clips 
on to the card a red tab ; the stoekkeeper logins 
his day’s work by picking out all the cards so tabbed 
and sending a requisition notification to the buyer 
concerned. An alphabetical key-index will lie 
required in connection with the perpetual inven- 
tory if this be indexed numerically. 

It is obvious that the pro]>er care, management, 
and accounting for stock forms the most important 
component of a comprehensive system for a retail 
house. On the intelligent and practical provision 
and accounting of stock dejiends the vital question 
of turnover and of returns for invested capital. 
The first essential is that each buyer should have 
means of knowing at all times the state of his stock, 
which lines of goods are popular and sell off rapidly, 
which arc likely to remain on hand, what quantity 
of stock is usually required to meet the needs of 
various seasons of the year. The supply ordered 
may therefore be kept close to the probable re- 
quirements for the period following, and the 
necessity of marking down goods as bargains in 
order to force a sale of unsaleable goods is, to a 
great extent, obviated. 

With the system here outlined, such data arc 
always at the buyers’ service, and from the per- 
petual inventory cards a number of useful state- 
ments can be computed as desired. 

Not only dees stock kept in such a manner 
ensure an accurate record of every article, and 
what profit every item in such department is 
paying, but it also forms a check on stock, and 
detects thefts, Josses and waste. It is obviously 
a great improvement on the old method of stock- 
taking once a year, by means of a stockman. 

Systems for Handling Orders and 
Purchases. Next in importance come the 
orders and purchases which are intimately con- 
nected with the system of accounting ; in fact, 
they form a link between it and the department of 
merchandise. The basis of this system is 'mani- 
folding, not only as a time and labour saver, but in 
order to secure greater accuracy. The manifolding 
is done by means of the billing machine, a type- 
writer which prodr ces as many as thirteen legible 
copies at one writing. When orders come in from 
country customers, they are first stamjjed by means 
of a rubber stamp with the following particu- 
lars: the order register number, the customers 
correspondence number, date, account numl>er, 
carnage or freight, credit, departments. The 
Order Register is a valuable adjunct to this method 
of handling orders. All orders arc registered at 
once on receipt, and numbered consecutively in 
the register, so that each number must be accounted 
for, and no orders go astray without being detected. 
This number accompanies every item in the order 
on its progress to the packing and shipping room. 
The correspondence number is found in the marking 
or correspondence department from tho customers’ 
card index, which also furnishes the folio number ; 
it acts as registration mark for the correspondence 
file, indicating the folder in which it will be filed 
as Boon as the order has been filled. Beforo the 
order passeB on to the order department, tho cus- 
tomer’s ledger or account number is filled in— this 
>8 perpetual. Opposite credit is the signature or 
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initials of the credit manager authorising the credit. 
Copies are then made out in flic order department 
where the orders are sorted into two groups : (1) for 
execution the same day ; (2) for orders of which 
some part must be ordered or procured. 

Manifolding System. Manifold copies are 
then made, as the order is copie 1 from the original, 
on forms all p’ainly headed ami lettered as follows: 

A, the customer’s invoice. 

B, duplicate invoice for the tile. 

C, the shipping and charge sheet, on which the 
warehouseman tills in the number and weight of 
packages, checked by the packer, whose signature 
forms a receipt for the assembled goods on the order; 
the railway or carriage charges arc added after 
consignment. 

I), consignment note for the carriers. 

E, stock clerk’s copy. 

F, billing copy. 

C, etc., in duplicate, for every department con- 
cerned in filling the order. By using the hilling 
machine it is easy to split an order so that only 
the portion of the order to he filled by any one 
department need appear on that department’ll copy. 
One of these copies is k-pt on file in the department, 
while the other is sent with the goods to the packing 
room, and signed as a receipt by the packer alter 
checking tho goods over. 

A posting slip can also be supplied, containing 
only the date, name and address, total amount. 
This posted slip of completed orders enables tho ac- 
counting department to post the charge at once to 
tho proper account in the ledger. The billing copy 
serves with the day’s sales sheet to form a loose-leaf 
sales or day hook. 

By manifolding the order thus every department 
of the firm concerned can set to work simultaneously 
without waiting for one another. 

In order to expedite the work still further the 
whole corps of typists in establishments having an 
extensive mail order business is set to write the 
orders during the morning, when there is a rush of 
orders, so that all orders for good* in stock can be 
sent off the same day. After the <1 inner hour, pro- 
bably, only two or three typists will be required for 
orders, while the rest mail invoiecs, do the corre- 
spondence, address circulars, etc., unless this be done 
outside by contract. 

Incomplete Orders. With regard to the 
second group of orders, a definite system is require,! 
to prevent any of the orders getting shelved or for- 
gotten, should delay occur in procuring the missing 
items of the order.' As soon as a department notifies 
that an item cannot be supplied -which should bo 
done by means of a written notification to tho order 
department- -an acknowledgment is at once sent 
to the customer with an explanation of the cause 
of the delay, and an intimation of the probable 
date on which the full order can he despatched, 
thus giving the customer the option of having all 
the available goods forwarded without waiting for 
the article which remains to he procured. 

In the meantime, the original order, the duplicate 
forms, and a duplicate of requisition cards sent to 
buyers for the goods required to complete the order, 
are clipped together and filed in the Incomplete Order 
File, indexed numerically by the Order Register 
Number. This file is looked through daily by 
tho order clerk so that the orders may be filled as 
soon as the goods arrive. 

In the Receiving Room. When the pur- 
chasing department has, on requisition from a 
buyer, issued a purchase order, a duplicate is at once 
sent to the receiving clerk, accompanied by a 
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coloured slip cortaining instructions as to the dis- 
posal of the goods on arrival. When the purchase 
order is sent out to fill an uncompleted order, 
the instruction slip is marked Urgent. Notifying 

Order Department. Order Register No. , and a 

department copy of the original order is clipped 
to the purchase order. On arrival of the goods, 
the receiving clerk sends the instruction slip by 
pneumatic tube to the order department, and the 
goods, on being checked, to the department con- 
cerned, with the two other forms still attached. 

The department goods clerk signs the purchase 
order duplicate as a receipt, and returns it to the 
receiving clerk. The order is then treated like the 
new orders, and the goods are assembled from the 
d epartmen ts com corned . 

Many orders received are simple, and concern 
but one department, and are sent off by post : the 
routine in this case is obvious and needs no further 
explanation. 

How to Handle Catalogues. A retail 
house is concerned with the handling of two classes 
of catalogues : 

(1) . Their own, dealt with by their publicity de- 
partment. 

(2) . Those of manufacturers and wholesale mer- 
chants from whom they purchase, and kept in the 
merchandise department for the benefit of the 
buyers. 

The first class, if judiciously despatched from 
carefully compiled mailing lists, should yield good 
results, which, by means of a simple system, may 
be traced and cheeked. 

The practice of distributing catalogues broadcast 
all over the country, using unchecked mailing lists 
for the puryjose, is a very wasteful one. The pre- 
paration and distribution of catalogues is the work 
of the publicity department, and should on no 
account be entrusted to an agency. On installing 
the system, a list of from 4,0(X) to 0,000 names 
should bo made out on cards, ruled to show name 
and address of prospective customer, date, class 
of catalogue, orders, amounts, departments, 
remarks. The list should include all customers 
of the firm, not only those who have accounts 
but the cash customers at whose houses the vans 
deliver purchases. 

The cards are filed alphabetically, or in some 
cases by name* of towns with alphabetical guide 
cards, according to the nature of the business done. 
When a new catalogue is ready to be mailed, one of 
the catalogue clerks looks through the Order Register 
and checks it with the catalogue mailing card index, 
ascertaining which names in the latter have sent 
orders since the last catalogue was sent out, and 
noting the date, amount of purchase, and depart- 
ments concerned, the latter as a guide in despatching 
especial literature, notices of sales, etc. 7 he goods 
in the catalogues are all classified as explained 
above, bearing department letter and numbers. If 
the customer be re (pies ted to quote this designation 
ill ordering, and a column in the Order Register 
lie headed Catalogue No., for information ns to 
whether the numbers were given in the order or 
not (a check mark for affirmative, a (toss for nega- 
tive) the catalogue clerk would know whether the 
orders were due to catalogues. On seeing a cross, 
he would note whether the name was included in his 
index ; if not, a card would at once be made up, and 
added to his mailing list. The returns from the 
orders thus traced to catalogues are credited in 


the ledger to Catalogues or Publicity as against 
the expenditure debited for the make-up, and the 
balance would show up in the profit and loss 
account. 

When catalogues are returned because the ad- 
dresser* has removed, his card is removed from the 
cabinet. Thus the expense of sending out unremuno- 
rative catalogues indefinitely to those who are not 
interested would be avoided. Before giving up an 
apparently uninterested customer, care should be 
taken to ascertain whether he has received publicity 
literature of all kinds from the m, and that none 
of them have brought returns. 

Incoming Catalogues. The handling of the 
second class of catalogues includes filing and cross 
indexing for the purpose of rendering the informa- 
tion contained therein instantly available, and the 
making of quotation lists for the buyers. Catalogues 
and price books, etc., arc, on arrival, stamped pro- 
minently on the cover with the date. Books are 
filed on shelves or in drawers with the backs upper- 
most exposed to view, each bearing a number on a 
small adhesive label. This number should, if pos- 
sible, bo the same as the correspondence and folio 
number of the firms in question, as this tends to 
simplify the records ; with a system of interhousj 
telephones or speaking tubes, this is easily managed. 
'I’he leaflets, circulars, newspaper cuttings, or 
typewritten quotations extracted from correspond- 
dence, are filed vertically in fo'ders like the cor- 
respondence. (See Business Management.] A cross 
index is then made out according to articles or 
classes of articles, such as haberdashery, tinware, 
silks, calicoes, pins, sewing cotton, etc. The cards 
bear the subject prominently written as a heading, 
while the space below is subdivided into columns 
for name of firm, address, catalogue number, 
folder number, date, and page in catalogue. 

The Quotation of Price Index. The quo- 
tation index is next made out, a card being allotted 
to each article kept in stock. An inch of this card 
is ruled off horizontally across the top of the card, 
in the left-hand corner the name of the article; about 
two -thirds of the width of the card is divided into 
narrow columns, each allotted to one of the firms 
who supply the article, the catalogue number also 
given ; the horizontal rulings are for date of quo- 
tation, the terms of payment, cash discount, freight 
rate. The res! of the card is devoted to the various 
sizes or types of the article. Both sides of the card 
can be used. This furnishes a complete comparison 
of quotations of cost prices with terms of payment. 
If desirable the last column may contain the selling 
price. In cases where the prices fluctuate consid- 
erably new cards will have to be made out which 
are filed in front of the old ones, kept in the index 
for reference. In order to distinguish the latest 
(junta t ion card, it, is a good plan to make a mark 
in red iuk on the top edge of the card ; this can bo 
easily scraped off with a knife when the card is super- 
seded. 

Occasionally alterations can be made by using a 
little gummed paper to cover the discarded price. 

This price card index forms a valuable buyer s 
guide for purchasing goods at the lowest prices. 
There is no article that cannot be classified and 
subdivided in the heading to furnish competitive 
prices. Finally, this system, although designed 
for a large mixed retail house, adapts itself it 
simplified form to much smaller concerns. 


Continued 
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r T'0 give an account of the development of the art 
* of brewing in its entirety would bo to reprint a 
large section of the general history of the world, 
for from the very earliest times man has made 
a practice of preparing intoxicating liquors from 
decoctions by the simple process of fermentation. 
This may be historically interesting, but it would be 
of little practical value, and the main object of 
this article is to assist the beginner who desires to 
learn how to brew and how to become a brewer. 

Genera! Outline. Irt order that the pro- 
s]K»ctive brewer may be able to understand the 
detailed descriptions of the processes which follow, 
we will first of all give a brief outline of the simplest 
form of brewing. We will defer description of the 
materials, premising that every reader is aware that 
beer is brewed from water, malt and hops, which are 
fermented by means of the yeast plant. 

The malt is ground in a mill till every corn is at 
least cracked, and is then known as grist. This 
grist is run into a vessel known as the mash-tun. 


Fermentation takes some time, the activity of 
the yeast, and the, strength of the beer brewed, 
being important factors. When the brewer iinds 
that fermentation has progressed far enough, he 
draws off his beer into casks, or into a large* 
vessel called a racking square, from which the 
l everage is drawn off to the casks. 

There are two main types of brewery at present 
constructed, though older buildings will present 
almost innumerable combinations of tin* two systems 
--namely, the tower and the horizontal plants. 

Tower and Horizontal Breweries. Tn a 

perfect, tower brewery, the liquor is pumped straight 
from the well or spring to large vessels at the very 
top of the building ; these vessels are called the cold- 
liquor back , holding cold water, and the hot-liquo) 
back , containing hot water. No more pumping is 
necessary, the various vessels, backs, coppers, and 
so forth being placed on floors directly underneath 
one another in tin* exact order in which they are 
used, so that at the top of the building you have 


and mixed with a quantity of hot water- — water 
in brewers’ parlance being always referred to as 
liquor. Once mixed with liquor, the grist again 
changes its name, and is called goods. 

After standing a certain time at a fixed tempera- 
ture, the liquor is drawn off from the goods, and be- 
comes the first wort. As the 
whole of the properties have 
not yet been extracted from 
the goods, more hot liquor is 
sprinkled over the mass at the 
bottom of the mash-tun by 
means of a mechanical sprink- 
ler. This serves to wash out 
any wort that may be held 
back by the goods, and also 
completes the extraction of the j 
soluble portions of the malt. 

The process of washing is re- 
ferred to as sjMrgiug. 

The next step is to boil the 
worts, and this is done in the 
copper, either by steam heat 
or by means of furnaces. 

While in the copper the worts 
receive the addition of the 
hops ; but the exact point at 1 . MASll-TUN, sil 
which the hops are added SPARGER (I 

depends upon the sort of beer 
being brewed, and on the custom of the brewery, as 
will be explained. Wort and hops now pass into a 
large vessel called the hop back, and as soon as the 
hops have settled the wort is run off from them 
and is cooled in large, shallow, iect angular tanks 
called coolers, and later by passing over a 
horizontal or vertical refrigerator. 

The wort once cooled, it is run into the fermenting 
vessels, which are called rounds , squares , tuns, or vats, 
.according to their shapes. The liquid enters the 
vessel as wort, but leaves it as beer, because at this 
stage fermentation is induced by the addition of 
yeast, and part of the sugars in the wort are 
converted into carbonic acid and alcohol. 


pure water, and in the cellars you have beer. 
Starting at the top and walking down, you can see 
every stage of the process. This sounds very con- 
venient, but, as a matter of fact, it is not in fa vour 
with brew’ers. In the first- place, the head brewer’s 
attention is required in several departments at 
once, and the innumerable 
flights of stairs exhaust him 
and greatly hinder his powers 
of supervision. Moreover, it 
the business of the brewery 
increases, and extensions arc 
necessary, a tower cannot be 
increased, and a second 
brewery lias to he built. 
Added to this, towers are 
costly to erect and maintain. 

Horizontal breweries con- 
sist. of one or more long build- 
ings of two or more stories, 
placed side by side. The pump 
requirements are increased, for 
the water has to he pumped to 
the hot and cold liquor hacks, 
and again the wort has to be 
pumped twice, lirst. from the 
1 MASH-TUN, SHOWING RAKES AND under back, or vessel below the 
SPARGER (Lumlev & Co., Lt.1.) iimali-tun, to the eO|-|>eis, and 

later from the hop-back to 
)f the brewery, as the cooling plant. Hut the advantage's of this 
mode of construction are great. The brewer has his 
mash-tuns, jus coppers, and his fermenting rounds 
all closer together, and he has only a short distance 
to go between each. He is less fatigued, and can 
supervise better. Should extensions be required 
at any time they can be made easily. 

Tanks, Backs and Mash-tuns. Brewers 
differ in their opinions as to the best materials of 
which these important- vessels should be constructed. 
♦Some favour wood, either oak or one of the many 
nines, while others believe that cast iron, or even 
copper is preferable. Of whatever material they 
are made they must be kept scrupulously clean. 
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and frequently scoured and disinfected. The 
cold-liquor back is connected with the pump. 
The hot-liquor back receives its hot water from 
the coppers, or from a detached boiler, or from 
the cold spring, the water being subsequently 
heated by means of steam driven through it, or 
by heated steam pipes within it, or by steam 
driven into a jacket surrounding the vessel. The 
last two methods are the most satisfactory and 
economical, for the exhaust steam from the 
brewery engine, though soiled, can be 
utilised to heat the liquor instead of being 
wasted. 

It is better that there should he two inn si i- 
tuns, differing in capacity. In ealeulati 
capacity of the mash-tuns it 
is well to allow at least three 
and a half barrels capacity 
for each quarter of malt that 
the tun is to receive. The 
tuns themselves are made of 
wood, wood lined with copper, 
or of iron. The tuns should 
ha ve false bottoms, to | arm it 
of the wort being drawn off 
from below, and these bottoms 
must be securely fastened or 
they may shift and disturb the 
mashing. They must be well 2. 
perforated. Most breweries arc 
now equipped with mashing 
rakes, which revolve by machinery inside the 
tuns, and enable the? brewer to mix his mash 
thoroughly; and we shall assume that they are to 
be used. 

Above the mash-tun, or placed so as to be able 
to be brought into convenient action, arc revolving 
perforated sprinklers, much like our familiar lawn 
sprinklers. These are the .sparger*, and it is of the 
greatest importance for the brewer to see that the 
sparger delivers an equal volume of water over 
the whole of the mash-tun when it is working [1]. 

Grist Mill. Before being mixed with the 
liquor the malt must he 

? ;round, and a number of mills 
or this purpose have been 
invented. The main point to 
be aimed at is that the malt, 
which has previously been 
screened to free it from dirt 
and rootlets, shall be sufficiently 
crushed to enable the liquor to 
get at the contents, but shall 
not be ground so line as to form 
a porridge with the mashing 
liquor. Very often, in modern 
breweries, the student will find 
mashing machines which mix 
the water with the grist as both 
pass into the mash-tun. These 
are convenient and economical. 

Coppers and Coolers. 

It is usual to collect the wort 
in an under back beneath the 
mash- tun prior to transferring 
it to the coppers. The boiling 
coppers nmy be heated directly 
by fire or by means of a steam 

i 'acket. Their size depends on the custom of the 
irewery, some brewers preferring to boil the whole 
of the wort of one brewing at once, while others 
make two or even throe boilings of the wort from the 
mash- tun. To prevent the wort from boiling over, 

* many brewers nave a conical lid with a hole in the 
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3. FERMENTING TUN WITH SKIMMER 
AND ATTEMPERATOR 
(Lumley & Co., Ltd,) 


centre, called a dome, let down some distance into 
the copper. The boiling wort bubbles up through 
the hole in the lid, and so returns to the copper 
without boiling over. There are other forms of this 
dovice, called fountains , upon the market [2]. 

Coolers are large flat trays into which the hot 
wort from the hop back is run. Refrigerators con- 
sist of a set of pipes placed horizontally or verti- 
cally, through which cold water runs, and over the 
outside of which the wort slowly travels. The 
second of these patterns [ 4 ] is one very much 
favoured, for by its use the wort is well exposed to 
the air and is therefore well aerated. 

Fermenting Vessels. Strictly speaking, 
the fermenting vessel is the next piece of 
plant, but for Excise purposes, 
as will be explained later, 
very many brewers run their 
wort from the coolers to a 
special collecting vessel, where 
it remains for twelve hours 
or until the Revenue officers 
have satisfied themselves as 
to its strength. Then it goes 
into the fermenting vessels. 
Collecting vessels, like ferment- 
ing tuns, may bo either round 
or square, and are made in 
the same way ; but they may 
be of any convenient depth, 
and may be tilled close up to 
the top. Fermenting vessels are made of wood, 
slate, or stone. Of wooden vessels, those made 
of English oak are the most durable and the 
best, but they are very costly, and, therefore, 
many brewers make their tuns of Norwegian 
and Dant zig tirs. The manufacture of these 
vats forms an important branch of the cooper’s 
trade, and need not he dealt with here. 

All fermenting vessels must be scoured an 1 
sterilised before the wort is run into them. With 
wooden tuns, this can be effected by means 
of boiling water; but if the vessels are of slate, 
very hot water cannot be used, 
as slate splits at the temperature 
of 2 1 2° F. Slate tuns are there- 
fore cleansed with neutral 
sulphite of lime. Of course, 
stone and slate vessels arc 
made square. Fermenting 
tuns should be provided with 
coils of pipes in a conical form, 
rising from the bottom through 
which hot or cold water may 
bo run. These are called 
attemperators, and their use is 
to enable the brewer to main- 
tain any desired temperature 
within the fermenting wort. 
Tuns are generally provided 
with some form of mechanical 
skimming board, which enables 
the rising head to be quicklv 
skimmed off and collected [3]. 

Often it is necessary to 
agitate slightly beer which is 
fermenting — to “ rouse ” it is 
the technical term — and appli- 
ances for doing this are to bo found in many breweries, 
One very effective method is by means of sinking 
and pulling up a small weighted barrel, with holes 
bored in it. This is very Bimple, and rouses the beer 
well, while at the same time it increases the aeration 
of the liquor. Again, a centrifugal pump which can 
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deliver a stream of the beer from the bottom of the tun 
to a few inches above the surface of the fermenting 
wort is also a capital rouser and aerator, but it is costly! 

Cleaning and Malting Plants. Every 
barrel that has been used must be thoroughly 
cleansed before it is tilled again, and for this pur- 
pose a large number of patent machines have been 
devised. The general principle of most of them, 
however, is the forcing of steam at high pressure, 
and therefore superheated, into the vessel. Our 
readers are familiar with the bottle- washing appli- 
ances which are to be seen all over the country 
in many kinds of factories. A boiler, supplying 
a plentiful amount of boiling water, with mains and 
so forth, for conducting the water to the various 
parts of the brewery, complete the cleaning plant. 

Where the brewer makes his own malt, he must 
have a number of Apartments, with cemented or 
tiled floors, on which to prepare it. He must also 
have a cistern and sprinklers, for steeping and 
sprinkling the grain. A drying 
kiln is necessary, and it may be 
arranged with two floors so that 
the malt may run easily from 
the upper, or cooler, floor to 
the lower or hotter one. These 
kilns are heated by furnaces. 

Machinery for screening and 
cleansing the barley and malt 
from dust and other impurities 
is also included in the plant. 

Hop Storage. In most 
breweries the hops are stored in 
a cool loft, free from moisture, and 
with a temperature as even as 
possible. But the most 
modern establishments 
have introduced a system 
of cold storage, which is 
very economical in the 
long run. A number of 

refrigerating chambers, 4 ^ modkkn ver 
similar to those utilised 

for keeping meat on large steamers, are set aside 
for the storage of hops. These rooms arc kept at 
a very low temperature by means of carbonic acid 
refrigerators, and it is claimed that hops may be 
stored thus for any number of years without under- 
going any deterioration. This is important, for 
in a good year the brewer can buy in a large store, 
and so be independent of the rise in the market 
if, in the following year, the crop should fail, and 
prices be exorbitantly high. 

Brewing Waters. All the natural waters 
contain a certain percentage of salts, and the pro- 
portion of these, one to another, determines the 
fitness or unsuitability of the liquor for brewing. 
Again, the proportions of salts give to the beer 
brewed from the water its distinctive character. 
Beers brewed at Burton-on-Trent differ materially 
from those brewed at Romford or London, though 
the process of brewing may be identical in the 
breweries. This is because the Burton water is 
}>eculiarly good for brewers’ use. 


As a guide, we give the analysis of the two 
principal waters used in the brewing metropolis. 
The quantities of salts contained are stated in 
grains per gallon. 

Carbonates of lime and magnesia 11*4 
Sulphate of lime . . . . 43*0 

Sulphate of magnesia . . .. 12*3 

Chlorides of the alkalies . . -TO 


un This is the composition of the gravel water of 
ng the town. From deep wells the Burton brewer 
lv. obtains water containing, in grains per gallon, the 
>ry following salts: 
dv 

n r. ( ’a r bon a tea of lime and magnesia 15* *4 

, on Sulphate of lime .. .. til *9 

m Sulphate of magnesia .. 30*0 

rt / Alkaline chlorides .. .. 4*2 

>ur Compare these analyses with that of water 
>li- used in one of the Thames Valley breweries which 
ry contains, in grains per gallon, according to analysis, 
ng the following salts : 

Carbonates of lime and magnesia .. 4 * U 

>lls Alkaline carbonates . . .. .. 13*0 

' Alkaline sulphates .. .. .. 14*4 

Alkaline chlorides .. .. .. 13*1) 

or 

Iso The difference in composition is plain. These 
nd analyses were made by Mr. E. R. Southby, the 

famous brewing expert, and may 
be taken as typical. This authority 
holds that water for first-class 
brewing should contain from 18 to 
28 grains of sulphuric acid, in the 
form of sulphates, per gallon, for 
Burton beers. For black beers 
the composition of the water from 
which the celebrated Dublin 
touts and porters are brewed 
gives the best results. The 
Dublin water contains only 0*8 
grains per gallon of sulphates, 
while of the carbonates of lime 
and magnesia 11 grains 
|>er gallon is about the 
average. The chlorides 

are very small in amount, 
1*8 grains per gallon being 
about the average. 

' ‘ w wmt outlet Brewing analysts he 
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ot the heavy earths such as 
tide lime and magnesia should be present in brewing 

• at, waters to the extent of about ten grains jjer gallon, 

i id and there must always be a certain proportion of 

be chlorides. If the water be deficient in chlorides 

ier- they must be added to the liquor by the brewer, 

for For pale ales the sulphates of lime and magnesia are 

>re, essential to success, and (he brewer should add to 

ket his liquor sufficient of these sulphates to bring the 

uul water up to the Burton standard. The sulphates 

and carbonates of the true alkalies, on the other 
hand, an* injurious, as are all combinations of iron, 
ers and where the latter are present the iron will have 
)r .°" to he removed before the water is tit for brewing. 

. Nitrates and nitrites of alkalies and minerals 

in h r ; j n t | 1P water have a restraining power on the yeast, 

I*; 01 ’ and fermentation is slow and irregular. The 

,7* yeast rapidly deteriorates, loses its character, and . 

“Y the beers are poor and unpalatable. There is no 

If 1 really reliable method of getting rid of the nitrates, 

t u ‘ and the only thing the brewer can do is to make 

,S frequent changes in his yeast, obtaining the plant 

from breweries where the water is not loaded with 
two nitrates. Purely organic matter in the water must 

)1 is. be removed by filtration, or the beer will rapidly 

in slM ,il and the brewery will suffer accordingly. The 

brewer will have to rely on a chemist for estimation 
of the organic matter in the water, and this matter 
is generally stated in terms of albuminoid ammonia . 

A good water should have less than 0*05 parts per 
million of albuminoid ammonia. 

Continued 
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ROTARY AND OTHER PUMPS 

Rotary, Drum, Centrifugal, Worthington, and Ashley 
Pumps. Pumping Machinery and Pump Speeds 


By Professor HENRY ROBINSON 


E70R hard usage in shallow depths, up to 110 ft.^ 
* rotary pumps are very efficient both with clean 
and with dirty water. The wheels should be of 
east steel carefully turned, chased, and well fitted 
into the pump chest to ensure silence in working ns 
well as efficiency. 

The Drum Pump. This pump [TO] is suit- 
able for removing semi-liquids, such as slurry, 
or wastes from brewer it s, paper mills, soap manu- 
factories, etc. It consists of a revolving piston 
sweeping out the cylinder at every revolution, the 
revolving piston dipping into a revolving valve or 
cylindrical drum, the openings in which are arranged 
so that the piston passes through without slip, back 
pressure, or undue friction. When the revolving 
piston moves round from the revolving valve a 
vacuum is formed, into which the water flows and 
is forced in the front face of the piston. 

Water-seal Rotary Pump. Another 
form of rotary pump is shown in 11 , and is manu- 
factured by the Albany Engineering Company. The 
chief feature of this pump is that slip and leakage 
have been reduced by the introduction of groove 
cuts along the face and edges of the teeth, so that 
in rotating a body of water lodges in the grooves, 
forming a water-seal joint, or cushion, between 
the casing and the rotating rollers, thereby pro- 
ducing an efficient vacuum. Centrifugal force also 
adds to the efficiency of the pump. 

Centrifugal Pumps. When large volumes of 
water have to be raised small heights, centrifugal 
pumps are very suitable. The general construction 
of this form of pump consists of a revolving shaft 
furnished with vanes extending from near the centre 
outwards to the circumference of the impeller, 
and are usually curved backwards. The impeller 
is encased in an approximately circular box. The 
centrifugal force imparted to the water by the 
revolving vanes tends to move outward, and is 
allowed to pass off, through the delivery outlet 
of file case, tangentially to the impeller. 

Preparatory to starting a centrifugal pump 
it is necessary to charge it with the liquid that is 
to be pumped. This can be done either by an over- 
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head tank, steam ejector, or, if it be pumping water, 
by a branch of the water main. It is advisable to 
place a foot valve on the end of the suction pipe to 
hold up the water, as pumps of this description are 
liable to drop the load apparently without aiiy suffi- 
cient cause. It is also advisable to keep the pump 
as near the water-level as possible. To meet flit 
difficulties that arise where centrifugal pumps have 
to be used for high lifts, and where the space for 
them is limited, compound pumps have been suc- 
cessfully employed. The size of the wheels and the 
speed of these pumps is lessened. Centrifugal pumps 
work with their greatest efficiency only when a con- 
stant head is maintained. The efficiency has been 
found to be 50 per cent, for small and 70 per cent, 
for large centrifugal pumps. The speed of centri- 
fugal pumps is dealt with four pages further on. 

The illustration [12] shows one of Messrs. 
Robert Warner & Co.’s 7-in. belt-driven centrifugal 
pumps with fast and loose pulleys. This pump is 
capable of delivering 750 gallons per minute for a 
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lift of 20 ft. when working at 560 revolutions per 
minute. The diameter of the propeller is 1 ft. 5 in. 

The salvage of ships with their cargoes has for 
many years been a subject of considerable interest, 
not only to underwriters and shipowners, but to 
everyone who has any concern in maritime affairs ; 
and this is not at all surprising if the statement 
(which is made ujwn good authority) is true that 
the annual loss of ships and cargoes on the coast 
of Great Britain exceeds £9,000,000. 

The employment of direct-acting centrifugal 
pumping engines to salvage ships has engaged the 
attention of Messrs. J. & H. Owynno for many 
years, and their “ Invincible ” plant has been 
largely used. An interesting example of the use of 
these pumps for salvage is shown in 15. 

The Ariadne was sunk off the pier at Barrow, 
and the illustration shows the vessel at low water 
with the “Invincible ” centrifugal pumping engines 
belonging to the British Marine Salvage Company, 
Limited, in position. The decks being submerged 
at low water, the hatch combings had to be built 
upon, and the operations were rendered still more 
difficult owing to the rapidity of the rise of the tide. 
The work was successfully carried out, and the 
vessel placed in dry dock for repair. 

The “ Invincible ” pumping engines and pumps 
[16] will, it is maintained, aspirate or draw water 
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28 ft., and the larger sizes 25 ft. to 50 ft. ; but when 
a steam ejector is used for charging, the top of the 
pump casing should be within 25 ft. of 
the water level, as that is the extent to 
which such an appliance is efficient ; but 
when the pump is once charged it will 
fetch the water 30 ft., provided always 
that the joints, etc., are perfectly tight. 

Pumping by Animal and 
Windmill Power. Animal power is 
often employed to drive small pumps. 

Figuie 13 shows this manner of working 
pumps. The animal is harnessed to a pole 
and walks round and round, operating gear 
wheels which drive the pump. This par- 
ticular illustration shows one of Messrs. 
Merryweathcr & Sous' appliances. 

The employment of windmills for driv- 
ing pumps has been successful in many 
places, but as the results are dependent 14 
on the wind, tanks should bo provided 
to store the water and to ensure a fairly constant 
supply. Figure 19 shows a typical windmill 
pumping station for small supplies. Figure 14 
shows the kind of pump worked by windmills. 

Strength of Pumping Machinery. 
The strength of the pumps and machinery must, 
be in proportion to the head of water against which 
they have to pump. The pressure per unit of area 
is independent of the' area of the pipe, but additional 
work is thrown on the pumps if the pipes are too 
small, or if they have sharp bends, owing to the 
friction caused thereby. Let D diameter of pump 
in inches, S stroke in inches, N strokes per hour, 
then D‘ J x S x N x *00284 - contents of pump in 
gallons per hour. Thus, a pump 2 in. bore x 0 in. 
stroke, making 1,500 complete strokes per hour, 
would deliver 151 gallons per hour, if there was no 
waste; but a percentage of water always slips by 
the valves at the end of each ludf-strokc, and it 
is usual to allow about 25 per cent, for this loss. 

To obtain a continuous and even delivery of 
water, and to reduce the shock oil the valves at the 
reversal of the stroke, pumps have been constructed 
with two and three plungers discharging into a 
common rising main. The plungers work in rotation, 
being ojierated by cranks on the same shaft. The 
illustration |20] shows a three-throw pump manu- 
factured by Messrs. Hayward-Tyler & Co. In this 
ease the pump is operated by an electrical motor 
of 15-horse power. The plungers of the pump are 
5 in. in diameter, with a 9-in. stroke, the revolutions 
being 46*5 per minute. This pump is capable of dis- 
charging 50,000 lb. of water per hour against a 
pressure of ICO lb. per square inch. 
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In the crank and Hywhcel type the pump-piston 
speed is variable, according to the angularity of 
the connecting-rod, and the quantity of water 
varies from zero at the ends of the stroke to a maxi- 
mum about half stroke, when the pistons are 
moving with a velocity equal to that of the cranks. 
This, it will he noted, causes a variation in the rate of 
delivery of the water in the rising main. The severe 
pressures that would be set up in the pump (due io 
the inertia of the water, and its velocity) may he 
compensated for by placing on the rising main at 
the pump an air vessel, which acts as a buffer, or 
cushion of air, and takes up the shock. Figure 17 
shows a form of air \esscl that has been emuloyed 
by the writer on several of the works that he has 
carried out. In eases where heavy pressures arise, 
a difliculty exists in retaining the air in the vessel. 
It is therefore necessary to provide an air pump 
to supply the vessel with air as required. 

The Worthington Pump. r I 'his form of 
puinp meets the conditions as regards varying pres- 
sures that have been referred to, the 
delivery being uniform at all parts of the 
stroke. There are two pumps, each double 
acting, the How from one dovetailing 
into the flow from the other. Tin* steam 
cylinders, as will be seen from 18, are 
directly in line with the pumps, there 
being no cranks or flywheels. This illus- 
tration shows an 800-horse power Wor- 
thington pumping engine. The low-pres- 
sure cylinders an' 82 in. and the high- 
pressure 41 in. in diameter, the pump 
plungers being 12 in. in diameter. The 
steam pressure is 100 11). per square 
inch. This engine works against a pres- 
sure of 1,500 lb. per square in li, which 
is equivalent to a dead load of 151 tons. 

The more recent form of this pump 
[21] has been installed at the Fast Lon- 
don Waterworks, and was constructed by Messrs. 
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James Simpson & Co. 

The duplex pumping en- 
gine invented by the late 
Mr. Henry R. Worthing- 
ton possessed reliability 
and simplicity, but was 
not economical in steam 
consumption. To ac- 
complish this by a fly- 
wheel, or similar device 
for storing energy, 
would have taken away 
the characteristic advan- 
tages from the engine, so 
the Worthington com- 
pensating system was 
adopted, which permits 
the cutting-off of the 
steam in the cylinders, 
and its subsequent ex- 
pansion to any degree or 
extent, Unis giving to 
the direct-acting engine 
the advantages, as re- 
gards economy due to expansion, that are obtained 
by the flywheel engine, without in any way affect- 
ing the duplex principle. Figure 21 shows the 
engine constructed with this compensating arrange- 
ment. The attachment consists generally 
of two, oscillating cylinders, supported from 
the main frames. These cylinders contain 
plungers, which arc attached to the piston rods 
between the steam and the water ends. 

They are connected by pipes, and are filled 
with water or other fluid, to the surface of 
which air is admitted at a pressure suitable 
to the duty to be accomplished, for the pur- 
pose of maintaining a constant load at a 
practically constant pressure on their pistons 
through the medium of the liquid. The 
action of the plungers is to resist the advance 
at the beginning of the stroke, and to assist 
it at the end, the air meanwhile exerting its 
unvarying influence at each end of the stroke. 

The two cylinders act in concert, being placed 
directly opposite each other, and perform the 
function of a flywheel. In the arrangement 
of piston rods the high-pressure ones are 
directly coupled to the pump rods. Between the 
high-pressure cylinders and the pump end there is 
a crosshead to which are attached two side rods 
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connecting to the low-pressure pistons. The piston 
rods between the intermediate and low-pressure 
cylinders work through long sleeves, thus doing 
away with two stuffing boxes. 

Bore-hole Pumps. Whore water is 
to be raised from bore-holes, a pump speci- 
ally made for the purpose is employed. 
Figure 22 shows one of Robert Warner & Co.’s 
bore-hole pumps. The size and length of 
stroke varies from 3 in. upwards, according 
to the diameter of the bore-hole and the 
discharge required. 

With this pump the usual suction valve 
is dispensed with, and in lieu of it a delivery 
valve is placed above the bucket. On the 
up stroke of the latter the water flows into the 
barrel ; on the down stroke the water passes 
through the bucket, valve as the latter 
descends, while on the up stroke it is lifted 
and forced through the delivery valve. 

The suction is litted directly to the bottom 
of the barrel, so that the water flows straight 
up into it. 

The bucket and delivery valve both come 
out and go down at the same time, and there is no 
separate operation required for withdrawing the 
foot valve, as is the case with ordinary pumps. 

It is sometimes 
necessary to place a 
strainer on the suction 
pipe to prevent solid or 
gritty mutter gaining 
access to the pump. 
Figure 23 shows Messrs. 
Hayward-Tyler & Co.’s 
foot valve and strriner 
for bore - hole pumps, 
while 24 depicts 
Messrs. Ham Baker’s 
strainer for ordinary 
suction pipes. 

The Ashley 
Pump. This pump 
was designed to super- 
sede the old form of 
bucket and bottom valve 
pump, and to remove, 
in so doing, two of the 

difficulties experienced 
in connection with 
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underground 
p it m ping. 1 1 i h 
H ome times the case 
in this class of 
pumping, notably 
in wells, that the 
pump itself has to 
he placed at a great 
depth below the 
h 11 r fa oc of t It e 
ground and con- 
nected to the on- 
gin » driving it by 
a cor res po n d i n g 
length of pump rod. 

In some cases, 
when a stoppage 
oc. urs. the water 
may rise in the 
pumping shaft to 
a considerable 
height (sometimes 
200 ft. or 300 ft.) 
above the level at which the pump is fixed, and 
render it impossible, without the aid of divers, of 
approach from the outside for examination or re- 
pair. These conditions necessitate the use of a 
pump constructed so that all its working parts can 
he drawn up through the rising main when it is 
desired to effect any such examination or repair, 
and the diameter of the bucket must therefore ho 



stroke the de- 
livery valve 
(1) V) is closed 
and water is 
lifted. At the 
same time the 
suction valves 
(S V) open, and 
water pours 
into the in- 
terior of tho 
bucket and 
lower part of 
working bar- 
rel. Upon the 
down stroke 
the delivery 
valve opens 
and the suction 
valves close, and 
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ready to begin another up stroke, and so on. 

The large waterway available in these pumps 
permits them to l>o worked at high speeds. 

Thro are two distinct types of the “Ashley** 
pump. One [25] is the ordinary type for general 
work, while 27 illustrates the type employed 
where it is desired to work on suction — that is, to 
pump the water below the level of the pump barrel, 
such as in sinking operations. The latter, however, is 
rarely used. The bucket employed with both types 
is the same, and is shown by 26. 


a little less than the diameter of the rising main 
through which it has to be drawn to tli * surface of 
the ground. 

The type of pump mostly usid hitherto in well 
bore-holes and mines consists of a bucket recipro- 
cating in a working barrel above a fixed bottom 
valvo, with which latter there is very frequent diffi- 
culty. This most vital part of the pump is. as a rule, 
the part most subject to violent shock and conse- 
quent breakdown, while, at the same time, to add to 
the difficulty, it is always extremely inaccessible. 

In the “ Ashley ” pump there is no bottom valve. 
The only working part is a single bucket reciprocat- 
ing in the ordinary way in a working barrel. Tn this 
bucket are mounted the delivery and suction valves, 
so that when any examination has to he made the 
whole of the working parts arc drawn through the 
rising main to the surface of the ground. 

The action of the pump is simple. On the up 


Figure 28 depicts a three-throw pump made 
by Messrs. Robert Warner iV Co. The diameter 
of the. pump is 4 in., with a ff-in. stroke, and is 
capable of raising 2,000 gallons per hour, against a 
head of 200 ft. ‘ 

Speed of Pumps. The number of revolutions 
per minute to which a pump should work must 
depend on its construction. The chief thing 
governing the speed of a pump is the promptness 
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with which the valves reseat themselves on the 
beginning of the return stroke. With multiple 
valves, which give a large waterway, with small lift, 
quick reciprocation may be secured. But pumps of 
the “ bucket ” type do not admit of multiple valves, 
and therefore require a pause at the end of the stroke 
to allow the valves to reseat themselves without 
undue shock, it is therefore necessary with pumps 
of this typo to have a high bucket speed, which s 
obtained by lengthening the stroke. 

The chief difficulty in working pumps is that of 
keeping the valves, etc., watertight, and it is here 
that plunger pumps are superior to piston and 
bucket pumps. The speed, therefore, should not 
exceed 30 revolutions per minute, but the aver- 
age speed for ordinary working may be taken as 
about 25 revolutions per minute. 

The speed at which a centrifugal pump should 
be run increases approximately as the square of the 
height of lift. The revolving wheel has to over- 
run the flow in that increasing degree, whih the 
effect due to impact falls off with the increasing 
velocity of the wheel. High-speed centrifugal pumps 
attain a velocity at the impeller periphery of 40 ft. 
per second. 

In selecting the best type of pumping engine to be 
adopted for any particular place consideration as to 
working cost must not be forgotten. Professor 
Unwin, in his Howard Lectures on the “ Develop- 
ment of Power,” reduced all costs to one common 
Standard — namely, “ the cost of one pump horse- 
power maintained day and night continuously for 
on© year, such horse- power being neither nominal 
nor indicated, but an actual 33.000 ft-lb. of work 
measured in water raised por minute throughout 
tie year.” The advantage of this is that, 

* Pumps concluded ; followed 

,6064 


having determined the height of lift, the cost per 
1,000 gallons of water pumped can bo estimated. 

The kk duty ” of pumping engines is expressed by 
multiplying the weight in pounds of water raised by 
the pumps by the height in feet to which it i< 
raised for the consumption of a given quantity of 
coal in the boilers. It is usual in specifying for 
pumping plants to require the makers to guarantee 
a certain “duty ” for their plant, which is to be 
stated ns the number of pounds of water raised l ft. 
high per hour by 112 lb. of coal consumed in the 
boilers, on the basis of 10 lb. of water being evapor- 
ated per 1 lb of coal. This coal unit is sometimes 
made 100 lb. instead of 112 lb. Taking the 112 lb. 
unit the “ duty ” is calculated as follows : 

1 horse- power ----- 33,000 lb. raised 1 ft. in 1 minute. 

„ „ 33, 000 x 60 lb. raised 1 ft. in 1 hour. 

„ ,, = 1,980,000 ft.-lb. por hour. 

Introducing the coal unit of 112 lb., and dividing 
it by the coal consumed per horse-power hour, we 
obtain a fraction which, if multiplied bv the total 
foot-lbs. per hour developed, will give us the ** duty ” 
as follows : 

Duty =— 112 x 1,98 0, 000 x 60 

lb. of coal consumed per h.-p. hour. 

As the duty is always expressed in millions, the 
formula becomes : 

221*76 

Duty in millions - — , — . — r r r*— - 

lb. of coal consumed per h.-p. hour. 

In the early days of pumping plant a duty of 
60,000,000 was considered good. With the increase 
of steam pressure and the use of compound and 
triple expansion engines, a 100,000,000 to 120 , 000,000 
duty is quite usual at the present time, and may 
indeed be exceeded when it is desirable. 

by Harbours and Docks 
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but the whole tree is bared of bark at the same 
time. Peeling can be carried on at all times of the 
year in some parts of the world, but in Australia 
the best time is when the buds are swelling. 

BarKIng the Wattle. With a short- 
handled axo the dead twigs and leaves at the 
base are cleared a way and a cut made into 
the bark as near the ground as possible. The 

barker then lifts the edge of the bark, and by a 
series of strong jerks peels ofT a broad strip as 
long as the height from the ground 
to the first branches of the tree [ 10 ]. 

Strip after strip is pulled from the 
trunk until it stands as bare as a tele- 
graph pole. The tree is then felled, 
and the work of stripping completed 
on the branches. The fresh bark is 
thrown over poles to dry and the 
trunks aie cut up for mining timber. 

A portable tramway through the plan- 
tation conveys the hark to the drying 
sheds, which are simple but ingenious 
galvanised iron affairs, in which six 
tons of bark can be sheltered. The 
long strips of bark are hung on poles, 
and the ends of these polos are put 
through rings in two heavy chains 
that hang from two parallel bars. A 
series of these poles loaded with bark g VO\<i v 
is fitted to the rings a foot or two apart 
in the chains, and one by one they are put across 
the parallel bars with their ends resting upon them. 
In fine weather these poles with their loading of 
bark remain hanging on the long bars, but on the 
approach of rain a yoke of oxen is attached to the 
chain of poles by a wire rope, and, like the shutting 
up of the bellows of an accordion, these ]>oles are 
drawn close together down the parallel bars into 
the shelter of tho corrugated iron roof. 

The value of the bark depends largely on its 
colour, this being best preserved 
in the process of sun-drying just 
described. The bark is sent into 
commerce in throe forms: (1) 'n 
bundles ; (2) chopped into short 
chips ; and (3) ground to fine or 
coarse powder. Fine grinding is 
not recommended, as the powder 
is difficult to mix with water in 
that state. 

Yield of the Wattle- 
tree. Various estimates have 
been published as to the yield 
per tree and profit per acre on 
wattlo growing. They naturally 
vary with the value of the soil 
and the cost of labour. Mr. J. E. 

Brown, a South Australian expert, 
estimates that an acre of land 
should raise about 10,000 trees, 
which, at six or seven years, would 
yield 15 lb. of bark each — 7 tons of 
bark per acre. A better yield would 10. STRIPPING 
be obtained by allowing part of the 
trees to mature, the first harvestings being in tho 
nature of thinnings. Mr. Brown stated that 100 acres 
should show a profit of over £1,000, besides paying 
7 per cent, upon the money expended from putting 
. in the seed to barking. The purchase price of the 
‘•dofed was token at £23 per acre. Mr. J. H. Maiden, 
another authority, estimates that the profit, eight 
ye&rs from planting 100 acres of wattle, would be 
,\ # 2 , 550 , after making full allowances for rent, 
j intent, and all possible expenses. In Natal the 
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cost of stripping, drying, and packing the bark 
amounts to 30s. per ton. At the Town Hill planta- 
tion near Pietermaritzburg sixty men are needed 
for 2,400 acres. The estimates of yield per tree 
given above are very conservative, as Mr. J. E. 
Brown states that he has stripped as much as 
320 lb. of bark from one tree of A. pycnantha , and 
nearly half a ton from a tree of A. decurrena. 

Hemlock Bark and Extract. This is 
tho favourite source of tannin in North America, 
and is obtained from Tonga canadensis 
(Linn.) Carr., and T. heterophylla (Raf.) 
Sarg. Hemlock bark contains 8 to 
10 per cent, of tannin, whilst the 
extract, the form in which it is ex- 
ported, contains 20 to 30 per cent, of 
tannin. The peeling extends from 
May to August, but the tree peels 
easiest from June to the middle oi 
July. The |>eeling crew consists of 
three men — a chopper, preparer, and 
barker. The chopper, or fa Her, cuts 
down the tree ; the preparer, or fitter, 
trims otf the branches and rings the 
hark at intervals of 4 ft., and slits eaeh 
section lengthwise ; while the spudder, 
or barker, |>oo1h off the bark with a flat- 
tened bar and spreads it on the ground 
with the inner side up. After the bark 
lias cured in the sun for from five to ten 
days it is piled, exterior side uppermost, to complete 
the seasoning process, which altogether occupies 
from two to three months. 

Many tanning barks are supplied in the market 
in the form of an extract, a concentrated prepara- 
tion which saves freight. The bark is ground and 
placed in wooden vats, where it is steeped in water 
till the tanning acids are removed. The resulting 
liquor is then evaporated in a vacuum apparatus at 
180’ F. until it is reduced to a heavy, dark-coloured 
fluid, weighing 10 lb. to the gallon. 
The extract is shipped in barrels 
of 500 lb. The plant for making 
extract is expensive, and in the 
ease of small growers a share in 
a co-operative factory is obviously 
the solution of the problem. 

Other Tanning Barks. 
Mangrove bark is yielded by 
several varieties of a small ever- 
green tree that is found on the 
muddy shores and tidal creeks of 
India, Burma, and the Andaman 
Islands. The chief kinds are : 
Avicenna officinalis, Linn., (white 
mangrove) ; Bruguieragymnorhiza , 
Lamk. ; B. parvifalia, W. and A. : 
Cerio ps catidollean a, Arnott (black 
mungrove) : C. Roxburghianu , 
Arnott; Kanddlia Rheedii, W. 
and A. ; and Rhizopkora mu- 
cronata , Lamk. (true mangrove). 
Extracts of the bark of these trees 
are made for exportation. Large 
quantities of tanning extracts are also obtained from 
the wood and bark of the chestnut tree, Castanra 
dcnlata (Marsh) Borkli. ; the chestnut oak, Q. 
prinus , Linn. ; the larch, Larix Europea ; the alder, 
Alnus glutinosa ; various kinds of willow ; the fir, 
Abies excel sa, and the pine-tree. 

It should be noted that we are only dealing 
here with tanning barks; many other substances 
yielding tannin aj*e also used in the leather 
industry. 
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Of recent yeai*s the importance of medicinal 
barks has been recognised, and care is being 
taken by cultivation to develop a lucrative 
branch of economic botany. London is the drug 
market of the world, the crude drugs from nil 
parts of the world being sold at Mincing Lane 
fortnightly. In the following notes the general 
methods of cultivating and collecting barks will 
be judged from the article on cinchona, which is 
given at length on this account, and also because 
of its importance as a medicinal bark. 

Peruvian or Cinchona Bark. One of 

the most important drugs is cinchona, or Peruvian 
bark, from which quinine is obtained. Quinine, 
and its cognate alkaloids, have hitherto been found 
only in the barks of the genus Cinchona {11J and 
the allied genus Ttcmigia. These arc found only in 
a limited zone of the eastern slopes of the Andes, 
and nothing was known to Europeans of their 
medicinal properties till some time after the 
Spanish conquest. In IMS the wife of the Count 
of Chinchon, Viceroy of Peru, was cured of malarial 
fever by the administration of a hitherto unknown 
remedy, and she took great pains to introduce its 
use in Europe. Hence the name of the genus, which 
purists spell “ chinehona.” An alkaloid (active 
principle), cinchonine, was isolated by 
Gomes in 1810, and in 1820 Pelletier 
and Cavonfou isolated quinine. 

Until fifty years ago the world de- 
pended for its supply of cinchona on the 
“easearilleros” of the South American 
forests. They ruthlessly felled or care- 
lessly harked the trees, with the result 
that the diminished supply fell short 
of the ever-increasing demand. In 
British India there was not only a 
great demand for quinine but climatic 
conditions very similar to those on the 
Andes, and the Government wisely de- 
termined to set about the introduction 
of cinchona into the country. It was no 
easy matter, as anyone suspected of an 
attempt to carry off plants or seeds from 
the South American forests went in peril 
of his life. A few plants were obtained 
through consuls in 18f>2, but tliev died as 
soon as they reached India. Sir Clements 
Markham, in 1 851), aided by Spruce, R. (Voss, 
Pritchett, and ,L Weir, obtained plants and seed 
which were successfully reared in India. In 1805, 
Charles Lodger, after a lot of trouble, obtained seeds 
of a species of cinchona which yielded a much larger 
>roportion of quinine than those obtained byMark- 
lam and his coadjutors. Ledger divided his seeds 
between the British and Dutch Government. The 
former did nothing with the seed, whilst the Dutch 
raised plants in .Java which proved so rich in alka- 
loid that the descendants of those trees are the main 
source of quinine to-day. 

Kinds of Cinchona. There are thirty or 
forty species of cinchona, but most of them are of 
botanical interest only. The kinds now cultivated 
are Cinchona officinalis, Loxa or crown bark; (\ 
svcciruhra , red bark ; C. calisaya, yellow bark ; 
C. Ledger iana, a cultivated variety of calisaya . Very 
little cinchona is now obtained from South America, 
quinine-yielding bark coming from Java, where 
C. Ledgeriana is cultivated, and from India, where 
C, Mictirubra, known as druggists’ bark, is grown. 
Manufacturer’s use the Java bark on account of its 
richness in quinine, but the succirubra bark is that 
required in medicinal preparations by the British 
Pharmacopoeia. It costs no more to cultivate trees 


rich in alkaloid ; hence the Java bark, being the 
richest, rules the world’s supply. Java bark some- 
times contains 15 per cent, of quinine, against 3 per 
cent, in the Indian-grown bark. 

Cultivation. Cinchona plants will not stand 
frost, and grow best at altitudes of from 1,500 ft.'to 
4,500 ft. They require open subsoil, sloping exposure, 
and other conditions of perfect drainage. The plant 
will not grow on Hat land. It is propagated by 
cuttings or seeds. The former method is used when 
it is desired to perpetuate a particular feature of a 
plant, but now the seed is readily obtainable it 
is used. The seeds arc very small, and cost from 
5s. to (is. a gramme, about 2,500 seeds. A perfected 
small tree of high quinine content costs 17s. The 
seeds germinate best at a temperature of between 
(i5 ’ and 70 1 F. They arc sown in open beds, sheltered 
by thatched roofs. Fine, rich, well-decayed mould 
is employed, either pure or mixed with an equal part 
of clean, sharp sand ; a layer 2 in. to 3 in. deep is 
spread over a piece of well -cleaned, sloping land. 

The surface of the seed-bed should l>e smooth 
and ev' ti, and the seeds scattered pretty thickly 
on the surface and afterwards a little tine earth 
sprinkled over. Water freely with a tine syringe. 
The seeds germinate in from two to six weeks, and 
when the seedlings have grown two or 
three pairs of leaves they should he trans- 
planted into nursery beds having a thicker 
layi r of soil and placed about 1 i in. apart. 
When 4 in. high the plants arc again trans- 
planted a little further apart, and when 
It in. to 12 in. high they are ready for 
placing in the position they arc to occupy 
finally. It is usual now to place the plants 
It It, to 8 ft. apart. 

Collecting the Bark. Formerly 
the only method of collecting the bark 
was to cut clown the tree and strip off 
the bark from the stem, root and 
branches; but in 1803 it was dis- 
covered by Mclvor, who had charge of 
the Indian cinchonas, that if a portion 
of the bark of a living cinchona ho 
carefully removed so as not to injure 
the young wood of the tree, the re- 
moved hark will he gradually renewed. 
The renewed bark is richer in alkaloid 
than the bark removed, and exclusion of light tends 
to increase the richness. In Madras an ordinary 
pruning knife is used, and in Java a spokeshave 
[121. t«> take off alternate strips of bark in a longitu- 
dinal direction. The trunk is then covered up with 
moss 1 13). Three years after, the strips of bark 
that were left at the first harvesting are taken 
off, ami so on in alternate three years until the tree 
dies or becomes too old to renew its bark. The 
hark, after it is removed, is placed on panagans ” 
or bamboo trays, and dried in the sun. A movable 
roof or other "protection against rain is provided. 
The moist climate of Java prevents the drying being 
completed naturally and a sirocco stove, such as is 
used in tea plantations, is employed to finish the 
process. The strips lose about 70 per cent, on drying. 

Marketing Cinchona. The two kinds of 
bark are druggist s' and manufacturers’. In the 
former variety the bark is packed in gunny bags, 
forming bales containing 100 lb. each, whilst in Java 
much of the hark is reduced to coarse powder before 
shipment. In the case of druggists’ bark, the 
appearance of the drug has to be considered ; it must 
be in bold, long, regular quills, and be coated with 
a silvery coating of lichens. The bark which 
manufacturers employ is made up in large bales and 
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sold at Amsterdam at so much per unit — the cost 
of each percentage of quinine in a pound of bark. 
For this purpose analyses arc conducted. The 
low price of quinine and the competition of Reinigia 
hark, which contains quinine in an easily extracted 
fonn, has made cinchona cultivation so unprofitable 
in India and Ceylon that cn most of the plantations 
it has been replaced by other more paying crops. 
The Government of India, however, have their own 
cinchona plantations, and make quinine for distri- 
bution in malarial districts at cost price. The 
“febrifuge,” as it is called, contains the other 
cinchona alkaloids besides quinine, and its dis- 
tribution has been of enormous service to the 
inhabitants of the Indian Empire. 

The Sacred Bark. < a seam, sagrnda, 
cr sacred bark, is the dried bark of Rhamnus / 
purshianus , Do C., a tree which grows freely > 
in North California and in the States of Oregon 
and Washington, tl.S.A. The hark and its 
preparations are much used in medicine as 
aperients, and it is curious that the drug is a p 
modern introduction. It was not till 1887 that ^ 
the bark became a recognised article of trade. 

The bark is peeled in both summer and winter, 
and as the tree is destroyed in the process, it 
is not surprising that the drug is becoming 
quite scarce, although its use is increasing. 
Recently, attention has been drawn to the s| , 
matter, and plantations are being made for the g| 
systematic cultivation of cascara sagrada. One 
variety of the bark is simply removed from the stem 
by a knife or spokeshave [12]. whilst the other is 
obtained in the same way (in winter) after a pre- 
liminary steaming to loosen the bark. Much 
importance is attached to the proper drying of the 
bark, the strips being hung over galvanised wire 
with the inner surface away from the sun. Should 
the inner surface be exposed to the sun while in the 
moist state, the colour of the bark changes from its 
natural yellow to a dark brown, which 
renders tho drug less marketable. After 
the bark is dried it- is broken into piece's 
by passing through a machine or, failing 
that, a flail is used. The average yield 
of a tree is 10 lb., so that the annual 
demand of a million pounds means the 
destruction of 100,000 trees. - When propa- 
gated from seed, the tree is slow in 
growth, but attains in time a height of 
from 25 ft. to 05 ft. and a diameter of 
5 in. to 8 in. New bark does not form 
on tho trunks, as in cinchona. 

Cascarilla, Cinnamon and 
Cassia. On sear ilia is a drug of minor im- 
portance, but of considerable interest from 
the fact that as the plants from which it was 
collected became extinct, the collectors 
have gathered bark in the other districts 
from apparently similar plants. Cascarilla 
bark is at present yielded by Croton duttria, Rennet, 
and is indigenous to the Bahama Islands. The 
bark is taken from the twigs, branches, and small 
stems. It is used in medicine as an aromatic bitter 
tonic, but its chief use is as a scent in tobacco 
manufacture, in the preparation of incense, and in 
liqueur making. When burnt, cascarilla gives off a 
pleasant odour. 

Cinnamon is the dried inner bark of shoots 
of several species of cinnamomurn, Blume, small 
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trees indigenous to Ceylon, the bark being ob- 
tained from cultivated trees. The shoots are cut 
down when nearly two years old and the bark 
removed in strips. This bark is then scraped free 
from the outer bark, rolled into sticks, and dried. 
The bark is used in medicine and as a flavouring 
agent. Comm bark resembles cinnamon in odour 
and taste, but the aroma is less delicate. 

Angostura, Euonymin, and Bara 
berry BarKs. Cusparia , tho dried bark of 

CitMjxtria febrifuga , De C., is indigenous to the 
mountains of Venezuela. It is known as nngos- 
tura bark because it was originally sent from 
Angostura (Ciudad Bolivar) to Europe. The bark 
is not easy to detach from the tree and is 
often found with much wood adhering. 

Euonymin bark is stripped from t.' e root of 
Euonymus atropurpureus, Juequin, which grows 
in shady woods in the eastern United States. 
The bark possesses cathartic properties. 

Barberry bark is obtained from the stem of 
Berber is vulgaris, I/nnc, a European shrub. It 
is used as a febrifuge and for dyeing. 

Other Medicinal BarKs. PomcgranuU 
bark is obtained from the stem and root of 
P unica gran at tun , Linnc, a small tree that grows 
in North-West India. It is cultivated on tin* 

Mediterranean coasts for its fruit. The bark 
K _ has astringent properties and is used in medicine 

to expel tapeworms. 

Uamamelis , r r Witch Uazd bark , is collected in 
the spring from Uamamelis Virgin iana , Linnc, which 
grows in the United States and Canada. 

Virginian. Prune, or Wild Cherry bark, is collected 
in autumn from a North American tree. Pruntts 
xrrotina , Ehrharfc. Although the bark is col- 
lected from all parts of the tree, that which comes 
from tho trunk is the best. The bark is used in 
medicine for its tonio and sedative effects. 

Quillaia , Panama, < r Soap bark , is the inner 
bark of Quillaia sapt maria, Molina, which 
grows in Chili and Peru. When shaken 
with water the bark gives a frotlil k-* 
soap, and on this account is used in the 
textile industry when soap is inadmissible. 
Tn pharmacy, quillaia is used to suspend 
oils, and in the aerated water industry a 
trace of quillaia gives a delightful froth (•* 
beverages in which it is introduced. 

Elm bark, from the common elm, Ulnae* 
cam. pest r is, Linnc, is eol’oeted from the 
trunk and branches in the spring. It 
possesses tonic properties. Slippery elm 
bark is obtained from Ulmus fnlva , and 
it is used, after soaking in water, as a 
poultice. 

Willow bark , Salix alba, Linnc, yields 
saliein, a medicine much used for rheu- 
matism. The bark contains 1 to 3 per cent, 
of saliein, but somo varieties are nearly 
destitute of this active ingredient. 

Simiruba bark is obtained from tho root ol 
simirnba amara , Aublet, and S. glauca. Do (\ The 
bark is used as a tonic. 

Mezereon bark is obtained from Daphne mezercuni , 
Linn 6 , D. lanreola , Limn\ and D, gi'idimn, Lime. 
It is obtained both from root and stem, and is used 
as a stimulant associated with sarsaparilla. 

Canella bark is yielded by Canella alba. Muiray. 
It is used in medicine and as a condiment. 
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A UTOMATIC lubrication, illustrated in the last 
article, is applied to horizontal as well ns to 
vertical engines, though on first thoughts the hori- 
zontal type would not appear to be well adapted to 
the system. Figure 34 shows a longitudinal section 
through one of the “ Fleming ” engines, by the 
Harrisburg Foundry and Machine Works, of Penn- 
sylvania, in which lubrication is effected on the 
splash system. A supply of oil is poured into the 
engine frame, forming a reservoir in which the 
lower edge of the crank-disc is always submerged. 
When the engine is started the revolving disc 
throws the oil from the reservoir backwards over 
the crosshead and into the guides. 

It also throws n spray into a trough 
placed across the inside of the hood 
that coniines the oil. Thence a short 
tu l>e conveys the oil to a point over 
the main bearing [33], to which it 
flows in a constant stream which is 
always visible to the operator. An 
eccentric groove is cut in the face of 
the crank-disc which comes next tin? 
hearing, and into which the oil finds 
its way. From the point of greatest 
eccentricity a passage is provided to 
the centre of the crank-pin, which is 
hollow, and from whic h the lubri- 
cant is driven by centrifugal force 
to the bearing. The pin and disc arc 
made solidly, and the pin is of excep- 
tionally large diameter. 

A 



each other. The tandem occupies less width, but 
greater length. It is a very popular form. 

In 35, A is the high-pressure and B the low-pressure 
cylinder. These ate different diameters, but neces- 
sarily of equal stroke, and connected with tho 
distance-piece (•, which is a rigid easting. The 
ratio of cylinder diameters is approximately 3 to I. 
The crosshead guide I) is of the cylindrical typo. 
The crank-disc E, keyed on the ’flywheel shaft, 
also drives the condenser air pump F, through 
the bell-crank lever, or bub (J. This arrangement 
is common in many large engines, its alternative 
being to drive the air-pump from the tail end of tho 
piston-rod, as in 30 [page 5913], 
whic h in that ease is carried out 
at the rear of the hinder cylinder. 
Tho arrangement shown, in which 
the air pump is placed underground, 
economises floor space. 

Condenser. The condenser G 
is of the surface condensation typo. 
The exhaust, steam and cooling 
water are in circ ulat ion on opposite 
sides of the walls of the condensing 
tubes. These tubes distinguish this 
type from this jet condenser, in 
which a jet of water is pumped into 
a box into which the exhaust steam 
is admitted. This is a more suitable 
typo when water is muddy or dirty, 
i\ but. the surface condenser is more 
efficient. The water circulates 
through the tubes, which are stir* 


ty^CftPhTglvefa^s J en^e fi [35f*illus- 33. lubrication OF crank-vis r() umJcd by the steam. Tho water 
trates one selected because it cm- ^ 1 LEMING hxciNK in this case is delivered by pressure 


bodies a large amount of detail that 
is crystallised in the host modern practice. It 
is, moreover, what is termed an “ experimental 
engine,” being made for tho Cambridge University 
by Messrs. Robey & Co., Ltd. The full technical 
title of this class of engine is, “ long-stroke, 
tandem compound, condensing engine with drop 
valves.” Engines of this type are made for powers 
up to 3,000-horse power, with steam pressures 
ranging to over 200 lb. per square inch, and with 
triple expansion cylinders. The term “ tandem 
compound” relates to tho arrangement of the high 
and low - pressure 

cylinders, which have a r - 

their axes in line. If xj T 

placed side by side, y ' !' 
they would be termed M J'.l-— «=■- 
coupled , or cross-corn- 
pounds. The advan- 
tage of the tandem 
is, that one piston 
rod does duty for 
both pistons. Coupled 
engines have the 
advantage that their 
crank- pins stand at 
light angles with 
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by tlm town’s main, but generally 
this is the function of n circulating pump, which is 
of reciprocating or a centrifugal type, an example 
of which will be given in connection With marine 
engines. 

Condensation in the Condenser. The 

efficiency of a condenser is due to the vacuum 
produced therein by the injection of cold water 
among the exhaust 
steam in the jet typo 
of condenser, or the 
circulation of water 
inclosed tubes among 
the steam in tho sur- 
face typo of con- 
denser.* The effective 
pressure on the 
piston when exhaust 
takes place into ft 
condenser instead of 
into the air, is in- 
creased by from 10 lb. 
to 12 lb. per square 
inch, because the 
vacuum amounts to 
10 lb. to 12 lb.— 
that is, from 10 lb. to 
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12 lb. of the pressure of the atmosphere has been 
destroyed in the condenser. Say the vacuum is 
12 lb. below the atmospheric pressure, then, instead 
of the steam exhausting into the atmosphere when 
at 15 lb. or a little more, it does not exhaust till it 


from the hot -well at a temperature of 100° F. , 
or more. Cold water injection damages the plates 
of boilers, besides requiring more fuel for heating, 
than if delivered at a temperature approaching the 


boiling point. 



TANDEM COMPOUND CONDENSING ENGINE (Robey & Co., Ltd.) 


Boiler deposit is also less likely 
to ocrur. In non-condensing 
plants some methods of heating 
the feed -water are necessary, 
which is effected in economisers , 
and in feed -water heaters . In the 
first, the fumaco gases heat the 
water in their passage to the 
chimney. In the second the 
exhaust steam heats it before 
being discharged into the atmo- 
sphere. 

Action of the Steam in 
the Engine. The steam, 
after doing work in the high- 
pressure cylinder A [35] is carried 
by receiver pipes (not shown) to 
the low-pressure cylinder B. It 
works expansively in both 
cylinders. In the high-pressure, 
the steam inlet valves are those 
at aa ; in the low-pressure, at 
bb, being drop valves in each 
ease. The exhaust valves in 
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with C, and the valve is thrust down sharply by tho 
dash piston F above, so cutting off the steam from 
the cylinder. But the valve is combined with a 
governor C, by which the period of cut-off is varied 
with- alterations in the load on the engine. The 
governor when rising, caused by increase in speed, 
moves the arms of levers, and in so doing moves 
the fulcrum E of the lever C. The effect is to 
cause the tripper I) to lose contact with 0, and 
allow the valve to drop at an earlier stage of 
the stroke, so cutting off the steam earlier. Jf 
tho governor falls the [ 

drop of the valve is 
delayed, and the steam is 
cut otf at a later stage. 

The exhaust valve H at 
the bottom has a constant 
travel, operated from 

other eccentrics and rods. As the stroke of the 
eccentric is short, the valve is of gridiron type, 
by which the stroke that would be necessary 
for a single port of full width is reduced in 
proportion to the number of smaller ports in 
the gridiron. The valve H is operated by its own 
eccentric. Drop valves similar to those for steam 
are also often employed in engines for exhaust.. 

Simple Coupled Engines. Horizontal 
engines are frequently coupled by taking two 
independent single-cylinder engines and arranging 
them side by side, each on its 
own foundation, and each driving 
in uni gon to a common fly- 
wheel between the two. One 
advantage of this arrangement 
is that less space is occupied than 
would be required by a single 
engine of equal power. The length 
is that wanted for a single engine 
of the coupled pair, and the 
width 
more tin 
of the 

is doubled. Another, and the %>> 

principal, advantage is that the 
engines can be run in unison, 38. BROTHERHOOD encine 

or either one singly, disconnected (Transverhc section through ejlimlri-O 
from the other at the connecting-rod. One may l>o 
running while the other is undergoing repairs, or one 
or both may be run to suit work which varies in 
amount. Moreover, in this design one engine can he 
laid down first, and the* second added at a later period 
if circumstances should render 
additional power necessary. The 
same remark applies to eompound 
engines laid down side by side. 

The high-pressure one can be put 
down first, and the low-pressure, 
for compounding, later. And the 
high- pressure can at any future 
time be run alone, on disconnect- 
ing the other engine. 

Inclined Engines. The 

immense majority of engines built 
are either horizontal or vertical. 

But exceptions occur in inclined 
engines, which have their axis of 
cylinder and guides set at a con- 
siderable angle. They are used 
chiefly in paddle steamers for river and coasting 
service, where the space between the deck and tho 
floor of the engine-room is not sufficient to allow 
vertical engines of the dimensions required to be got 
in. Double inclined engines are also used in 
lome rolling mills. These engines drive in opposite 
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directions on to a common crank at the apex of the 
arrangement. 

Oscillating Engines. A typo by itself is 
the oscillating engine, an old form built chiefly for 
puddle steamers, but seldom now made. Those 
engines were gieat favourites in the early days of 
steam navigation, especially on 
river steamers. The last Atlantic 
liner on which they were lilted 
was on the (hoarder Cuba, in 
They wore an improve- 
ment on the side-lever engines 
„ • { .... mentioned in a previous article. 
*Y 1 Xi ■ •ip" The weight, was kept low 

yT "" h'* down in th‘ vessel's hull, 

-i, .. e-x- and M |j the side-rods and 

levers, with the connecting- 
lod, were discarded. For by the 
oscillation of the cylinders on 
their trunnions (he piston-rods 
accommodate their movements 
to that of the cranks. Tho 
trunnions are utilised, one for 
flu* inlet, of steam, the other for 
its exhaust. Many warships were 
type of engine, but the vertical 



cuupwu pair, mm me >» . vi ^ . y A b 

is but about one-half 

lan that, required for one v '~"\ - // 7 7 

engin.es, while the power ■' / \ ■ 

bled. Another, and the L- J J 


fitted with this 

inverted cylinder engine has long displaced it, both 
in the naval and merchant services. It has gone the 
way of o' her types, which, (hough of much historic 
ini crest, are now extinct. They 
included the trunk engines, both 
vertical and horizontal, the steeple 
engines, the grasshopper engines, 
and others, representing stages in 
the evolution of the engiues of tho 
present. 

Three-cylinder Engines. 

This is a group of engines which 
stands alone. Three cylinders, sot 
at angles of 120 deg. with each 
other, have their piston-rods 
driving to a common crank-shaft, 
the rods being pivoted to their 
pistons. As they exert equal 
effort on the crank-shaft., there 
are no dead points, and a fly- 
wheel is therefore not required. 

The idea of avoiding the reciprocal ing strokes of 
tie* common engines has always been an ideal of 
engineers. But greater evils have attended many 
such efforts than those due to reciprocation. The 
, latter have been exaggerated. 
The engines which run at highest 
speeds, such as those for electric 
light work and locomotives, run 
with perfect steadiness. The 
steam turbine, though a rotary 
engine, is, nevertheless, a typo 
apart from piston types, which w r c 
are here considering. 

Brotherhood Enginea. 

These, designed by Mr. Peter 
Brotherhood, are made for steam, 
^ a fid for air and water operation. 

L Cy r I he dltferenoqd are slight, affecting 
chiefly tho valves and their pack- 
39. brotherhood KNoiSE ings. These engines are used for 
(Transverse sect ion thrmuli valves) eleciric light work, for driving 
1 or table machines, and for profiling torpedoes. 
The engine illustrated in 37 to 41 is one of single- 
acting type. Figure 37 is a horizontal section 
through cv’indcrs, valves, and crank -shaft ; 38, a 
transverse section through tho cylinders; 39, a 
similar section through the valves ; 40, a section 
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40 . BROTHER- 
HOOD KNOINE 
(Section through 
throttle ami 
governing gear) 
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through the throttle and governing gear ; and 41, 
an external view looking against the steam chest. 

Brotherhood Cylinders. The cylinders are 
seen at A. They are in one casting, with a foot, B, 
hut the steam passages arc formed in a separate single 
casting, C, bolted to the cylinder. The pistons D are 
of trimk design, and their rods, E, are necessarily 
pivoted loosely in the trunk pistons, driving to the 
common crank-pin. F in the crank-disc G. Thus, 
though the pistons move rigidly, their rods are free to 
accommodate themselves to the rotary movement of 
tho pin F in its disc. The latter drives the crank- 
shaft H, to which the work is coupled. The steam 
presses only on the outer faces of the pistons, 
tho return or exhaust stroke of one piston 
being effected by the pressure stroke of tho 
other two. The rods are bonded at the centre 
with rings, an , to maintain them in con- — 
tact with the crank-pin, being necessary 
because each of the rods only bears round 
a little less than one-third of the circum- 
ference of the pin. 

Tho steam supply is controlled by the 
piston valves J, the rods K of which are 
actuated by the eccentric L. These are 
retained in contact with tho eccentric by 
an undercut fitting, seen clearly in the 
sectional view [37 j, in a flanged part of the 
eccentric. The steam is admitted through 
the pipe M, the throttle valve N of which is 
regulated by the governor () acting through the 
lever P. Tho steam, having passed the throttle, 
enters the steam ('host Q and passages R, and past 
the piston valves, through the passages b to the ends 
of the cylinders. There are thus no dead points, 
and the engine can be started in any position. 

Expansive Working. In a previous article 
the methods of obtaining a fixed rate of expansion 
have been illustrated. Wo now consider other 
devices, including the link motions. 

Mechanisms of Expansive Working. 

On page 5414, Boyle’s law was quoted, that the 
pressure and volume of a gas at 
constant temperature are inversely 
related. Let us see how this 
applies to steam working expan- 
sively in a cylinder. If steam 
supply enters and continues un- 
checked until the termination of 
the piston stroke, it is assumed to 
be at boiler pressure throughout, 
and the effect is that due to this 
pressure x piston area x length 
of stroke in inches. Tf, 
the steam is cut off at half 
the second half will be accomplished 
by the expansion of one volume into a 4 

two volumes, with a reduction of 
pressure to one-half of the initial 
pressure by the time the end of the stroke is reached. 

The mean or average pressure then is, assuming an 
initial pressure of 100 lb. per square inch, 

100 4- 50 ~ r n 

o — /tyb: mean. 

If cut off at one-third, or one-fourth, the 
average would be obtained bv taking the pressures 
due to expansion at three, four, or any number 
of points, and dividing the sum of these by the num- 
ber of division. But, generally, a shorter method is 
to U8© a table of hyperbolic logarithms, given in 
textbooks, because the line of falling pressure is a 
hyperbolic curve. 

The common I) form of slide valve is used less 

Continued 


f, however, ^ A ' 
half-stroke, ) 


BROTHERHOOD EN< 
(Extern il view) 


than formerly, because in its simple form it is not 
adapted to cut off with a high rate of expansion 
without causing other troubles consequent on the 
excessive amount of lap required. Moreover, it is 
not suitable for the automatic expansion effected 
from the governor. This explains why badly cut-off 
valves are fitted, and double and treble sorted 
valves, as previously illustrated, by which the length 
of travel of the valves is reduced. But, besides this, 
there is the objection to the length of tho steam 
passages, which, being always filled with steam 
entering or exhausting, cause either waste of steam 
or wire drawing, or undesirable back pressure, or 
accumulation of water in the cylinder and 
passages. With a view to avoid these evils, 
two types have been largely developed, the 
drop valves and tho Corliss valves. The 
only features which these have in common 
is shorter steam passages than tho slide 
valve engines have, a sharper opening and 
closing, and a separation of the functions 
of the passages, those for steam and 
exhaust being used for those purposes 
only, instead of being opened alternately 
to steam and exhaust. Examples of drop 
valves are illustrated in tho present article 
[36], and Corliss in the next one. 

Hand Expansion Gear. Very many 
engines are fitted with hand-operated expan- 
sion gear, using main slide valves, with 
expansion or cut -off valves sliding on the back. 
Designs vary. Generally, advantage is taken of this 
arrangement to make the steam passages in the 
cylinder short, by which back pressure and other evils 
are reduced. Thus, in one design, the D valve is 
divided into two portions, one at each end steam port 
of the cylinder, each steam port having its exhaust 
port adjacent. Tho expansion valves on the back 
of the T) valves are flat plates only on a single rod, 
having bushes with light and left hand screws and 
nuts, which engage with screwed bosses on the back of 
the valves. By a hand wheel at the end of the spindle 
the valves are caused to approach 
to or recede from each other, so 
cutting off steam earlier or later. 
The period during which steam will 
be admitted is read on a sliding 
index close to the hand wheel. 

The Iiidir expansion gear is, in 
brief, designed as follows : There 
arc two slide valves, the main 
valve, and tho back cut-off, or 
expansion valve, each having its 
separate actuating eccentric. The 
peculiarity is that tho ports in 
the valve do not run straight 
across, but diagonally, and to right 
and left symmetrically about their 
centre lines. The reason of the 
diagonal arrangement qi the ports is this : 

The ordinary longitudinal sliding movement 
derived from the eccentrics is invariable. But 
automatic movements of the governor are made 
to impart movements to the cut-off valve at a right 
angle with its longitudinal movement, derived from 
the eccentrics, so causing the admission of the 
steam to the diagonal ports to bo cut off earlier 
or later than the normal stroke derived from the 
eccentric would produce. This up and down variable 
movement is derived from the governor, which is 
made to impart a twisting movement to the 
valve-rod, which, in turn, raises or lowers the ex- 
pansion or cut-off valve by means of a small crank. 
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•“THE fathers of printing in Europe — CVstcr,Gutcn- 
* berg, Faust, and Scheffer — were also type- 
founders or type engravers, but it is diffic ult to say 
from the records wlicthcr the first printers were 
regarded, by themselves and others, as makers of 
type or printers. Wood was, perhaps, the material 
of which the first movable types were made, but 
the whole question of the origin of typefounding is 
obscure, and it is impossible to say who was the 
first to cast lead types. It is certain, however, 
that the long labour entailed in the multi plication 
of* wooden typeH early led to their general disuse 
in favour of types cast from wooden models. 

Early Typefounders. After the moulding 
of metal types was adopted, the original, or mother 
types, were never used for printing, hut carefully 
preserved for moulding purposes. Nurnberg became 
famous in the fixteenth century for the fine metal 
punches it supplied to the typefounders of Europe. 
It was the introduction of the metal punch which 
gave the final stroke of separation between the trades 
of typefounding and printing. By this, the mother 
typo became a die on the* end of a metal rod, or 
bar, and the forging and cutting of these lay outside 
the province of the mere printer. 

During the sixteenth century, the separation of 
the two trades slowly widened, and typefounding 
became a business in Mavence, Frankfort, Cologne, 
and other towns in Germany, and Haarlem, Leyden, 
and Antwerp, in Holland. Italian typefounders, 
following in the tradition of Aldus Manutius, 
early became celebrated for the excellence of 
their productions, ('ax Ion brought his type 
from Holland to England, and for neatly 
three centuries the printers of this count iy 
were mostly indebted to continental typefounders 
for type. In 1720, Mr. William Caslon, an engraver 
of ornamental devices, set up as a typefounder 
in London, and produced work of such excellence 
a» not only put an end to the importation of 
type from Europe, but also brought about an 
ox^iort trade in type from England to the 
Continent [49]. John Baskerville was the next 
great English typefounder. A Worcestershire 
man, he was at one time a writing master, in 
Birmingham, and there, in 17o0, set up business as 
a typefounder. His type has never been surpassed 
for correct form and clearness. Later typefounde.s 
were hardly so much piowtors as manufacturers, and 
their names belong rather to trade than to history. 

Features of a Type. As wo go forward in 
our study, the various processes brought into being 
by the powers described will come under notice , 
at present, we begin at the beginning. A printer 
uses fcyjie, and a typefounder casts type ; theicfore, 
these workmen look at the same thing with different 
eyes, and from opposite standpoints. A type is a 
small bar of lead, alloyed with other metals the 
diameter of a shilling high, the size of the letter 
deep, and of a width prescribed by the style of the 
fount. The height and depth of every letter m a 
fount must be exactly the same. 


Small as it may be, a tvpe has many features 
[48]. The surface of the letter is the face, tho 
slanting sides of the letter mo the heard ; the 
spaces at top and bottom are the shouldeis, such 
letters as h, k, 1, or d, hiving shoulders only at the 
bottom, and g, j, p, y, being shouldered at the top; 
the notches across the middle of the body of tho 
letter are the nicks; the bars (mined by a rut 
across the centre of the end of the letter arc 
named the feet. 

Typefounding by Hand. Typefounding 
long remained a handicraft, o\en while machinery 
was taking possession of many trades. The process 
is elaborate, and at the present day it is divided 
up into several operations, which may or may 
not be performed by one woiUman, or set of 
workers, according to the size of the foundry and 
tho nature ot the business. It most of the work is 
done by machinery, and only special and small 
founts made by hand, then one or two workmen, 
of high skill, with one or two assistants, will 
pci form all the operations ; but in other and more 
common circumstances every operation is done by 
a different person or set of persons. The main 
operations are punch-cult mg, matrix-making, mould - 
making, mould - setting, easting, breaking otf, 
rubbing, dressing, picking, finishing and paging. 

It is a tradition among the punch-cutters th.it no 
tool save the graver was used by the great craftsmen 
in olden times. Very p< ssibly some skilled work- 
men can do the work with that tool even to day, 
but it is a waste of skill. The simpler and easier way 
is to coat tin* face of the punch with wax, transfer 
the drawing of the letter on to it, and then trace the 
outlines with a dry-point needle. Melt otf the wax, 
and a clear outline remains on the face of the punch. 
By delicate cutting the metal round the letter 
is cut away, and finely shaded off to heard and 
shoulder |50|. No margin of error, in any detail, 
is allowed the cutter of letter punc hes ; every line 
must he Irue to the fraction of a hairbreadth. To 
try our punch, we smoke it, and print the blackened 
face on a piece of proof paper. If exactly to size, 
and a perfect copy of the design, it is ready. So, 
let ter by letter, sign by sign, the punches of the 
typefoundry are cut. 

Matrix and Mould Making. An or- 
dinary matrix is made out of a piece of copper, 
one inch and a quarter long, one-eight h of an inch 
thick, and of a width proportioned to tho width 
of tin* type. Into this piece of copper the punch is 
struck, I'dng the letter deeply embossed on the 
copper (50J. After being struck, the matrix, as tho 
copper is now* called, is carefully milled, in prepara- 
tion for being justified to the mould. Justification 
i*. bringing the matrix into exact relation with the 
mould of°the tvpe body, so that all tho letters 
when placed together will form one straight line. 
Practice alone enables a workman to become expert 
at justifying. The deviation of one- thousandth 
part of an inch from the proper point, in a few letters, 
would produce ft fount of type such as even the 
ordinary reader would regard as a joke. 
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The mould of the body of the type is composed 
of steel, and in two parts, encased in hard wood [52]. 
In the making of these little steel boxes, fine skill 
is required; for the difference in breadth between 
one lettor and another is often almost infinites- 
imal, and yet it must be obtained. This, however, 
is a mere matter of workmanship which can 
only be acquired in practice. Even the 
smallest mould must be absolutely true in every 
particular. 

Having got our matrix and mould, our next 
duty is to put them together for work. If the 
matrix has been properly justified and the mould 
well made, this should not be a matter of any 
difficulty. The two parts 
of the mould arc firmly 
clainj)ed together, and set 
in position for the casting. 

Composition of the 
Metal. Almost every 
typefounder has his own 
favourite recipe for com- 
pounding the metal of 
the typo he casts. Lead, 
regulus of antimony, and 
tin are the chief con- 
stituents of type metal. Lead moulds easily and 
cools quickly; antimony gives hardness to tho 
lead ; tin adds tenacity and toughness to the com- 
position. Lead is cheap; tin and antimony aro 
costly; but tho smallest proportion of antimony 
in small type is one to three of lead. A good, hard 
type is made of two parts lead to one of tin and one 
of antimony. Other metals are also used ; there 
are no limits to the variety of metals which may 
be used, so long as the metals will combine, form 
a strong type, and be cheat) enough to compete 
on the market. We can proscribe no set formula ; 
the matter is one of experiment and practice. 

Casting the Type. Whatever composition 
we may elect to use, the metal must be kept, con- 
stantly molten over a 
fire or gas, with a ladle 
in readiness. The mould 
being set and closed, the 
caster pours the molten 
metal from tho ladle 
through the orifice in the 
top of the mould. Some 
casters give the mould a 
slight jerk, to make the 
metal sink down com- 
pletely; but it may only 
bo a habit ; the metal 
fills the mould by its own 
weight. Almost instantly 
it solidifies, and the 
mould is opened, to cast 
out the newly-cast type. 

At the end of tho type, 
when it is thrown from 
tho mould, is a tag of 
lead, named the jet, 
which must be removed before any further steps 
are taken. Breaking off is usually done by a bov; 
it is a simple but necessary detail of the process, 
and must be neatly done. Hand- made type can bo 
distinguished from machine-made by the size of tho 
mark left by the tag, or jet. 

Though a mould rimy be very finely adjusted, 
and the metal most intimately amalgamated, 
some slight roughness always appears on a 
casting. Removal of the rough sain is accom- 
plished in a very primitive way. A boy rubs the 
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type, letter by letter, on a flat stone, polishing 
the metal smooth and even. 

Dressing and Picking. Prom the rubbing 
table the type comes into the hands of the dresser 
This is a very important part of the typefounder’fc 
work. Setting up tho letters in long linos, the 
dresser ranges, dresses, and clears the type, taking 
away any little defect or roughness which may be 
upon the letters. The face is his special care; 
but to the beard, the shoulders and tho nicks 
he also pays keen attention. As the type comes 
from tho dresser, it is picked, as tho w'ord goes. 

Picking” is rather n bad name for the W’ork, 
because it applies to the rejection of the defective 
letter. The picker must 
have a good eye for 

form, and know type 
thoroughly, for type can 
have a good many faults 
invisible to the careless 
or untrained eye. It may 
be out of range, too 

high, too low, clogged, or 
otherwise below the stand- 
ard of excellence required. 
Tor any one of these' 

defects, the letter is picked out and thrown 
among tlu* scrap metal to be melted over 
again. With plain typo, the picker merely 

needs to be ordinarily careful ; but in working 
over italics and fancy types his difficulties ure 
not small. 

Before, being passed on to the pagers, the type is 
given a final dressing. ] t is again inspected care- 
fully under a magnifying glass. Letters found 

defective under this last scrutiny arc rejected, or 
put aside for remedy. Then tho tyjMj is set up 
into solid squares, called typefounders’ pages, 
and firmly tied. It is now ready for use. 

Founts of Type. In a former part of thi< 
course, the varieties, classes, sizes, and qualities 
of type have been exhaus- 
tively studied [see pages 
5027’ and 5157]. But 
there is one matter, pecu- 
liarly interesting to the 
typefounder, which could 
not be touched upon else- 
where. We know that a 
fount is made up of 
those letters, characters, 
and signs which are 
necessary for printing any 
written form of speech. 
But the relative 
numbers of each one 
of those letters which 
maybe required needs to 
be determined, in mi 
approximate way, at 
least, before the type- 
founder can get to work, 
A variety of rules have 
been recommended as governing the making of 
what is technically named the “bill” of type; but 
not one has been found to answer satisfactorily. 
The reason for this lies in the wonderful copiousness 
of the English language. One writer runs on vowel 
sounds, and another delights in consonants. Dickens, 
for example, caused a run on e’s in the office 
whore a novel of his was being set up ; Matthew 
Arnold and Oliver Wendell Holmes, widely separated 
in many respects, ai;e alike in using large propor- 
tions of consonants. Striking a fair average 
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we think the “bill” given hero answers very 


a 

8,600 

h 

6,400 

0 

8,000 

V 

1,260 

fa 

1,600 

i 

8,000 

p 

1,700 

w 

2,000 

c 

3,000 

1 

400 

<1 

500 

X 

too 

d 

4,400 

k 

800 

V 

0,200 

y 

2,000 

e 

12,000 

l 

4,000 

s 

8,000 

z 

200 

f 

2,500 

m 

3,000 

l 

0,000 



g 

1,700 

n 

8,000 

11 

3,400 




Typefounding by Machinery. The first 
attempts at introducing machinery into thn type- 
foundry were directed to 
the casting. About In W, 

Messrs. Miller and 
Richard, of Edinburgh, 
patented a casting ma- 
chine, which was driven 
by manual power. Sim- 
ple in structure, being 
little more than the 
mechanical connection of 
the mould and the 
metal-pot, Jthis machine 
prod need good qua lily 
type at a high rate of 
speed. Though still used 
in small foundries, the 
hand-driven machine has been quite superseded by 
later inventions arranged for power drive. I he 
first of these, patented in the year 1800, was 
produced by the same firm, and the machine, 
as it now stands, is a very efficient ami handy 
tool. During the later years of (he nineteenth 
century, inventors, both in (beat Britain and 
America, were busily engaged in contriving 
improved typo-easting machines. 

Type-casting Machine. In this inn chine, 
the two parts of the caster’s equipment, the melting- 
pot and the mould, are brought together and placed 
under the government of a single mechanism. 
Beginning with our raw material, we find it m 
a pot, kept heated by a small furnace under- 
neath, both being enclosed in a easing of east 
iron. Within the pot, and communicating with 
a narrow channel in its side ended by a sharp 
nipple, is a forcing pump. At the end of 
the pump chamber, immersed in the liquid 
metal, is a valve which altci nates in moveim nt 
with the piston. As the piston 
ascends, the valve opens, and 
when the piston descends, the 
valve shuts. Through the 
open valvo the mass of metal 
rushes into the pump. The 
valve then closes and shuts it 
in. With a quick movement 
the piston descends and diiycs 
against the metal. Having 
only the narrow channel 
terminated by the projecting 
nipple as an outlet, the metal 
is driven up the channel and 
out by the nipple in a strong 
Jet. The old tyjiefounders 
perfected the hand mould, 
and it has gone into type- 
founding machines modified 
in such particulars as me- 
chanical exigencies demand. 

The mould is opened and shut by cam-actuated arms. 

All the parts of the typo-casting machine work 
beautifully together. When the machine starts tho 
piston of the forcing pump in the metal pot comes 
up, and the metal fills the chamber through tho 
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opened valve. Next the two arms which hold tho 
halves of tho mould coinn together ; tho mould 
closes. Then the arms move towards the nipple, 
while, at the same time, tho piston goes down in 
the pump and drives the lead spouting up through 
the nipple, just at the moment the mould is brought 
up to it. Nipple and mould orifice join to form one 
channel, and the lead rushes into the mould. With 
the next turn of the wheel the arms part ; the 
mould, borne round, drops the type on to a 
channel leading to a receptacle beside the table, 
into which il falls. Tho 
whole movement begins 
ay a in. So, letter after 
letter, tho type is cast. 

Instead of the hand rub- 
bum and dressing, wehavo 
a machine which rubs and 
dr esses the type. It is 
rather out of favour now, 
because the newest easting 
machines produce typo 
winch needs very little 
dressing. Adjusted to 
the si/e of the type, tho 
machine cuts off the jet, 
lonns the feet, trims 
the front and buck, and rubs the aides, by 
successive a< ts, very ingeniously arranged. 

Automatic Type-casting Machines. 

It is in the simple form of typo-casting machine 
which the principles of typefounding can be most 
easily studied and we have, on that account, 
examined them in detail. For the finer classes of 
typo, and particularly for the ornamental tyjies, 
the old machines hold their own. As with other 
industries, however, the object of machine 
imentiem has been to make the operations of pro- 
duction ns nearly automatic as possible, and that 
object lias been largely attained. .Most typefounding 
establishments have special machines of their own, 
carefully protected by patents. One or two 
machines of the automatic variety have become 
the common property of tie* trade, or may be 
secured by anyone who cares to acquire them. 

Manufacture of Wooden Type. While 
it is agreed that met d is the ptoper material for 
small type, there is considerable diversity of opinion 
as to the size at which metal 
cease* to Ik* more suitable than 
wood. Many practical men 
consider that metal type larger 
than O-line pica is not so 
useful as wood type. Founts 
of met al type, however, as large 
as 21-line, are frequently used. 
Of course, these are uot cast 
solid, but made with feet at 
top and bottom, and a centre 
bar. Th s removes partly one 
serious objection to the use of 
metal for large tyj»e — the 
weight. Into the controversy 
we ne«*d not enter. 'Hie obvious 
duly of the maker of w'ooden 
type is to minimise as far as 
possible the objections to his 
product by selecting well- 
seasoned wood, of fine 'grain 
and h.u cl quality, so that warping, softness, 
and shrinking may be reduced to the lowest 
possible proportions. With those precautions, wood 
typo can be made superior in usefulness to metal 
type of sizes above 8-line pica, or even smaller. 
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PRINTING 

■ Materials and Tools. The maker of wood 
type is practically a wood-carver, and this depart- 
ment differs altogether in both tools and general 
aspect from the type foundry. Most of the common 
wood-working too is are here. Circular saws, rip 
saws, band saws, planers, lathes, and others of the 
smaller machines of tho wood worker are useful to 
the wood-type maker. With these he reduces tho 
blocks of wood to size for putting the face on. 
The principal hand tools are chisels, gouges, scoopers, 
scrapers. Several sizes of these tools are required. 
The wood must be tough and hard, well-seasoned 
and free from knots. Many of the rarer kinds 
of hard woods are very suitable, but they arc loo 
eostly ; we therefore depend mostly on pear wood, 
rock maple, and box. If seasoned thoroughly, these 
woods produce good type. 

Being a skilled handicraft, the operation of culling 
type by hand can hardly be learned by mere theoreti- 
cal study. Training of eye and hand in the use of 
the tools and the working of the wood, practice in 
draughtsmanship, are the only methods by which 
any lad can become a skilled maker of wood type. 
The actual steps in the operation are few and simple, 
calling for no stretch of the memory. Having cut the 
wood to size, the letter is drawn on the face of the 
wood, and lined out with the ’graver — a prism- 
shaped tool, with sharp edges, and held firmly 
between finger and thumb. The letter clearly 
defined, the rough of the wood about it is cut away. 
Before finishing, the letter should be proofed, ff 
this seems satisfactory, the edges arc finely sharpened 
and the margins deepened. Then the surface is 
well oiled and polished. 

Machine Cutting of Wood Type. 

About the middle of the nineteenth century an 
ingenious wood-carver invented a carving machine 
which has since l>een found applicable lo the cutting 
of wood type. The principle of the machine is very 
simple. An iron easting of each letter is made. 
The casting is laid in the centre of the machine. 
On a long spindle fixed above the bench, and con- 
trolled by the drive, sharp cutters are placed, at 
regular distances, with the points all level and just 
type-high when at rest. In the middle of the machine 
is a blunt tool, or stylus, and under it the iron letter 
is laid. When the machine is set going, the blunt 
stylus moves over the lines of the east iron letter ; 
tho sharp tools, being set on the same spindle, 
must move in precisely the same way, and at the 
same depths as the blunt tool. Under the sharp 
tools the blocks of wood are laid, and in conse- 
quence, they are cut out in the shape of the letter. 
Various ways of utilising this idea have been devised; 
but the machines, however different in form, 
are similar in principle. It must be obvious that if 
tho casting is true and properly set the wood type 
cut by this method must be perfectly exact. Every 
machine is adjustable, and may bo used to produce 
simultaneously as many letters at a time as may 
be required. 

Fount of Wood Type. Even in posters 
the characteristic determination of the English 
language towards the more frequent use of certain 
letters than others is strongly manifest, and in tho 
make-up of letter founts, serious account of it must 
be taken. Several attempts have been made 
to bring the proper method into a short formula, 
but none have sucoeeded. The difficulty can bo 
best illustrated by concrete examples of founts 


found to bo useful in actual practice. For a con- 
siderable period it was usual to judge founts by. the 
number of “ E’s ” contained in it, and denominate 
them as tliree-E, five-E, and so on ; but the better 
practice is to take the number of pieces in the fount 
for the purpose of classification — four-dozen, five- 
dozen, six-dozen, and on up the scale. Leaving out 
the points anti signs, the proportions are as follow : 

Five-and-a-iialf Dozen Fount 
a b c d e f g h i j k 1 m n 

3 2224222 3 22323 

o p q r s t u v w x y z 

3 2 1 3 3 3 2 2 2 2 1 2 

Eight-dozen Fount 

a b edefghijklmn 

4 3 3 3 5 3 3 3 4 2 2 4 3 4 

o p q r s t u v w x v z 

4 3 2 4 4 4 3 3 3 2 3 1 

Twelve-dozen Fount 
a b c d e f g h i j k 1 m n 

7 5 5 5 8 5 f> 5 7 3 3 0 5 ft 

o p q r s t u v w x y z 

7 5 2 ff ff ff 5 5 4 2 5 2 

Attempts have been made to get a finer surface 
on large type than wood affords. Some very fine 
founts have been made by forming the surface of 
the type of metal, and pinning it on to w r ood ; but 
these founts do not last very w'ell. A more recent 
experiment lias been made with celluloid. From 
many points of view, this material would seem to 
be ideal for the making of large type. Tt is light, 
strong, tough, and may be moulded like any metal. 
Alternatively, celluloid may be softened, stamped, 
and then hardened. 
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DEFORK proceeding to describe in detail the 
^ junction apparatus a little enlargement on the 
subject of “A” and “B” positions may be desirable. 
Lotus suppose an area divided into four quarters 
— north, south, east and west — in each of which 
there is an exchange of 10,000 subscribers called 
after its district. If the traffic is evenly div ided, it. is 
clear that 75 per cent, of the calls will pass through 
two exchanges, while only -5 per rent, will be 
completed on the same exchange as originated. To 
enable this interexchange traffic to be disposed of 
easily and quickly two sets < f junctions are pro- 
vided between every pair of exchanges, one for the 
traffic in each direction. If each "A" operator 
at, say, the North exchange attends to 100 sub- 
scribers, there will be 100 “ A " positions. Each of 
these “ A ” operators will have access to (he “ out- 
going junctions “ to the South, Fast, and West 
exchanges. In the same w r ay, these three exchanges 
have sets of 
junctions w'hicli 
are “outgoing” 
at their end and 
“ incoming ” at 
North, where 
they terminate 

oil “ B ” posi- 

lions as ah end y 
described. The 
“ B ” operator 

at South who 21. ARRANGEMENT 
attends to the 
North 44 incom- 
ing junctions ” listens on a call wire w hich is 
multiplied over all the “A” positions at North, 
and she deals only with calls from South to 
North. Calls in the other direction are dealt, with 
by South “ A ” and North “ B ’ operators, so that 
wo have arrangements similar to the “up ’ and 
“ down ” of the 

railway line. p . bm7 -2LX ss™*. *.*.* ,rs 

Junction if 
Apparatus. 

Figure 21 shows 
in a skeleton 
form the ar- 
rangements for 
connecting two 
s ubscr i bora 
through two ex- f 
changes. It will i 
bo foimd that the I 
control of the s 
communica- 
tion is in the 
hands of the 
44 A ” operator, 
and tliat the 

signal from the k ,, 

“B” subscriber passes through to the “A opr 
so that no signal is received at 44 B until 
dears. Only the repeating coils, supervisory lam]) 
relays, and the calling plug are shown at A. 


The “ A ” end of (he junction consists of a scries 
of multiple jacks — only one of w h eh is shown. 
At the “ B ” or “ incoming end ” there is a repeating 
coil having four windings, each of 20 ohms resist ■ nee. 
A t wo- microfarad condenser is connected to one side 
and a 24-volt battery to the other. There is also a 
relay having two windings, one of 12,000 ohms 
and one of 30 ohms : a supervisory relay and clearing 
lam]) with 40-ohm shunt : a cut-oil' relay, and a 
combined ringing and listening key. The springs of 
the listening key are not shown in the diagram. 
The ringing key has an electromagnet with a clutch 
so that when actuated it continues to ring the sub- 
scriber until the closing of the circuit causes an 
increase of the current passing through M, so that 
it attracts its armature and releases the clutch. 

The order of events is ns follows : After the ** A ” 
operator lias spoken on the call wire and the “ B ” 
operator has named the junction, the “ A ” operator 

plugs in. The 

' :r "‘u current from tho 

A " battery 
the 
re- 
tho 

tho 
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TWO EXCHANGES 
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22. WIRING OF A SUBSCRIBER'S CIRCUIT 


HR- 

actuates 
12,000 -ohm 
lay and 
lamp at 4 
will light, 

1 current passing 

through tho 
lamp, 40 -ohm 
SUBSCRIBERS THROUGH resistance, anna- 
turn of 12,000 
o h m s r e 1 a y, 
armature of cut-off relay, S3!-ohm-> icsistanco cod, 
and to earth at N.B.R. 

The lamp in the calling cord at “ A ” will light 
because the current, flowing is not sufficient to 
energise S.L. K., and the circuit of the lain]) is com- 
pleted through the 30-ohm resistance at the bush , 

of the jack. 
Tho “ B” opera- 
tor tests and 
plugs into tho 
“B” subscriber, 
[in mo liately tho 
cut-off relay is 
energised and its 
armatures close, 
thus putting out 
the lamp, which 
is now shunted 
by the 40-ohm 
resistance. 

The depression 
of the ringing 
key sends out 
an interrupted 
ringing current, 
G being the 
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ojierator, 
“ A” 


generator and I the iuterru ptcr. When the subscriber 
replies, the substitution of his transmitter for tho 
condenser allows the current to energiao M and 
<hus disc nneet the generator. This also provide# 
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23. MAIN DISTRIBUTING FRAME 

a path for the current from the 24-volt battery, so 
that S.L.R. is actuated, bringing the 30-ohm coil 
into parallel with the J 2,000 ohms. The current 
from “A" now increases so that S.L.R. at “A” is 
energised, and the lamp in the calling-cord darkens, 
intimating to the “ A ” operator that the “ B ’ 
subscriber has attended. 

The Clear Signal. When the “B” sub- 
scriber replaces his receiver, the armature of 
S.L.K. at “ B ” falls back, and this in turn affects 
the supervisory lamp relay at “ A.” If a similar 
signal is received from the “A” subscriber, the “A” 
operator “ meters ” the call and takes down the plugs. 
Withdrawal of the plug from the “ A ” end of the 
junction de-energisos the 12,000-olun relay, and its 
armature drops back, removing the shunt from the 
lamp, which lights, giving the clear signal to the 
“ B ” operator, who completes the transaction by 
taking down the plug. 

General Lay-out of Common Battery 
Exchange. Having considered the circuits in 
detail we must now take them in the mass, and 
consider the disposal of their various parts in a 
well-arrangpd exchange. 

The photographs illustrating this article refer to 
the Ealing Exchange — one of the numerous in- 
stallations carried out for the Post Office by the 
Western Electric Company. It is designed for a 
maximum capacity of 5,400 subscribers, and is at 
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present equipped for 1,080, with six “ A ” positions 
and three “ B ” positions. Its comparatively small 
size enables some of the component, parts to be 
brought into closer proximity than would be possible 
in a larger exchange. 

In 22 we have a diagram of the wiring of a sub- 
scriber's circuit which should be compared with 12 
[page 5878]. This general system is followed in all 
common battery exchanges, the sizes of the various 
frames and the number of cables being increased in 
proportion to the number of subscribers. 

The horizontal side of the intermediate distribu- 
tion frame may be regarded as the centre of the 
wiring system from which radiate four principal 
cable runs : A, the wires to the main distribution 
frame, going out to the lines, arranged in 42-wire 
cables (each cable contains 21 twisted pairs for 
20 subscribers, and 1 spare pair) ; B, the wires to 
the multiple jacks in 03- wire cables (20 subscribers, 
1 spare) ; C, the wires to the relay racks in 84-wire 
cables (20 subscribers, 1 spare) ; and I), t he wires 
to the answering, or A positions, also in 84-wire 
cables. The tags on the intermediate distribution 
frame may be read from left to right as “ tip, ring, 
test, lamp.” 

Cable Colour Code. The cables contain 
wires of No. 22 copper, and, except in the ease of 
the 21 -wires, are flat in section. Identification of 
any wire at any point is made possible by using 



24. CORNER OF RESISTANCE LAMP CABINET 



distinctively coloured cottons 
and following a definite colour 
code. It is made up as follows : 

1 Blue 12 Oran go -green 

2 Orange 13 Orange-brown, 

3 Green 14 Orange-slate 

4 Brown 15 Green- white 

5 Slate 10 Green- brown 

6 Blue-white 17 Green-slate 

7 Blue-orange 18 Brown- white 

8 Blue-green 10 Brown-slate 
0 Blue-brown 20 Slate-white 

10 Blue-slate 21 The spare wire 

1 1 Orange- is red. 

white 

This code gives us the colours 
and numbers for a 2 1 -wire cable. 

In a 42-wire cable each code wire 
is twisted with a white wire. In a. 

03- wire cable we have, in addi- 
tion to the 42 already described, 

21 wires coloured (1) red-blue, 

(2) red-orange, etc., the colour 
code being repeated, but with 
the addition of red on each wire, 
the spare wire being red- white. 

In an 84-wire cable t he red- 
blue series are each twisted with 
solid red wires. 

Main Distributing 
Frame. The main distributing 
fra me [23], or M. D.F. as it is usually 
called,- is the connecting point be- 
tween the street distribution main 
cables and the internal exchange 
wiring. It is built up of open 
iron framework. The main cable 
in which the subscribers’ wires 
approach the exchange are of the 
paper - insulated, load - covered 
type, but at the point of entry to the building they cables arriving from the main distributing frame, 

are provided wit ha short termination length of cable, while at the further end they are going on hy means 

the conductors of which are insulated with wrappings of another iron runway to the switch-room, and to 

of silk and cotton. The, silk and cotton “cable is the relay rack. The vertical side of the intermediate 

brought to the main distributing frame, where it is distributing frame is provided with strips of tags 

fanned out like a. comb, beeswaxed, and laced with of the same kind as on the horizontal side. For this 



twine, the wires being arranged at distances suitable 
for the tags. The cable is then fastened u p under one 
of the horizontal runs and the wire soldered to the tags. 
The horizontal side of the main distributing frame is 
not visible in 23, but a glance at the horizontal side 
of the intermediate frame, shown in 25, will sufli- 
eiently explain. The vertical side of the main 
distributing frame [23], as well as providing the ter- 
minating* point for the exchange wiring, provides 
accommodation for the protective dev ices. These am 
of three kinds— namely, tubular fuses, heat coils, and 
carbon 'lightning protectors. The springs which hold 
the heat coils also serve as test jacks. Connection 
may be made from any wire on the horizontal side 
to any exchange number on the vertical side, 
and tnis is done by means of a two-wire jumper 
of flame-proof insulation. It, is first soldered to the 
tags pn *tho vertical side, then passed up or down 
vertically until opposite the horizontal line to whHi 
the' street wire is connected. The junior is then 
passed through the large iron eye, and along the 
togo^tho horizontal run to the tags to which it is 

Intermediate Distributing Frame. In 

25,- Q$4htf right side, there is a view of the inter- 
mediate distributing -frame, the ironwork details 
being very simitar to those of the main distributing 
frame. At the near end can be seen the 42-wire 


frame four win* jumpers are necessary, and, as clearly 
indicated by 22, it alfeets only the answering position, 
enabling any line number to be connected to any 
given position number. The sole object of provid- 
ing this frame is to allow of tin* adjustment of the 
load on the various “A” positions. With a view to 
facilitating this proceeding, a special meter is 
provided for each position, so that in metering a 
subscriber's call the operator also counts one on her 
“position meter.’ By observing these from time 
to time the exchange manager is able to watch the 
variation of the loads on positions, and any over- 
pressed or under- pressed position c.m be levelled 
up or clown by suitable crossing on the intermediate 
distributing frame. 

Relay and Meter Frames. To the left of 
the intermediate distributing frame* [24J is the relay 
frame : line and rut-off relays are built up together, 
and these again in sets of ton, so that the top left- 
hand strip contains, as indicated hy the figures on it, 
the line and cut-off relays for numbers 0 to 9. Of 
course, 0 is always appropriated for service purposes. 

, Still further to the left is the meter frame. Theso 
also are built up on strips containing 10. Each has, 
however, a separate cover wilh a mica window 
through which the reading can be taken. At tho 
bottom of each frame there is a stout fiat bar of 
copper, which serves as the common earth return 
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indicated in 22 bv the dot-and-dash lines from the 
meter and cut-off relays respectively. 

In the case of the meter frame, the heavy eablo 
connecting with the copper bar can be seen entering 
the floor troughing on its way to the positive pole of 
the battery. 

This illustration gives a good idea of the neat way 
in which cables are carried from point to point by 
means of open ironwork runs. As the subscribers 
increase, apparatus will lie added from time to time 
until the limit of the equipment has been reached, 
by which time these will be quite filled. 

Resistance Lamp Cabinet. The OO-olun 
resistance lamps are arranged in blocks of 100, 
and 24 shows a corner of the cabinet equipped 
for the first 1,100. An earth fault on a subscriber's 
“ K ” or “ring” line will at once show up here. 
Above each group of 100 there is a special compari- 
son lamp which can be joined across the battery by a 
key (not shown), so that the glow' due to the full 
battery power can be compared with that showing 
on lamp. 

Condenser and Repeating Coil Rack. 

Another iron framework, visible under the clock 
in 26, is provided as a resting place for the 
condensers used in connection with the junction 
circuits, as well as for the repeating coils used 
in all the coil circuits. Reference to 11 [page 
C) 878] will recall the fact that the repeating 
coils are joined directly to the battery. Tfc is 
necessary, therefore, that fuses should be intro- 
duced in order to avert fire danger. For this 
purpose the cabinet on the left of the coil ruck is 


provided and equipped with a slate base and 
copper busbars and terminals on which the fuses 
are mounted. 

In order to lessen the time of interruption when 
a fuse is blown, an ingenious alarm system is intro- 
duced. Each fuse is provided with a white glass 
bead. When a fuse blows, this is thrown outwards. 
Simultaneously, a lamp at the end of the buRbar 
lights, and the bell on the side of the cabinet rings 
loudly. This calls the attendant, the glowing lamp 
indicates the busbar, and the glass bead indicates 
the blown fuse, which is thus localised and replaced 
very quickly. 

Testing. In 28 we are enabled to seethe wiring 
of the relays, and beyond them the vertical side of 
the intermediate distributing frame. The neat way 
in which the 84-wire cables are fanned out, each 
to 10 line and cut-off relays, is conspicuous, and 
comparison with 22 should again be made. All 
testing of circuits is done from the desk, fixed in 
this case midway between the relay rack and the 
fuse cabinet. It. is fully equipped for two testing 
officers. In America they are called “ wire chiefs,” 
but, except in connection with the desk, the title 
lias not taken root in this country. 

Built into the face of the desk on each side is a 
vob meter of the IT Arson val type, which is the sole 
testing instrument for each officer. The resistance of 
the instrument can bo made at will 100,000 ohms, 
10,000 ohms, or 1,000 ohms. An E.M.E. of 40 volts 
is provided by dry cells. When any resistance is to 
be measured, it is joined in series with the voltmeter 
and battery, and the required value is given by the 

formula R V (J* — 1) where R - 

unknown resistance, V = volt- 
meter resistance, J) ~ deflection 
of voltmeter when terminals arc 
joined direct to 40 volts, and D l = 
deflection given when unknown 
resistance is included in circuit. 
Rough capacity tests can also be 
made. Cards giving the readings 
corresponding to various deflec- 
tions arc provided. 

When a new subscriber is being 
connected up, his line is tested for 
insulation and conductivity, and 
the results carefully recorded for 
comparison with tests to bo made 
subsequently when periodical ma in- 
tenance visits are made by the line- 
men. These are most valuable for 
enabling faults to come under notice 
in time to avert serious trouble. 

Special Connectingsup 
Switch. Another interesting 
and useful item to be found near 
the AI.D.F. is a small switch fitted 
with lamps, jacks, and pegs and 
cords, and arranged so as to facili- 
tate communication between the 
test-room and linemen who are 
engaged connecting up new sub- 
scribers. The wires appropriated 
for the new subscribers arc con- 
nected to a jack on this switch, 
and the linemen or jointer who is 
at work on them can at any 
time obtain the attention of the 
test-room in order that any test 
he requires may be made. 
Continued 
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By JOHN 

TTIE tools used by watchmakers are those which 
* they also require for the clockwork which 
comes into their hands, hut, in addition, they 
require a number of very small screwdrivers, which 
are made on quite a different plan to the ordinary 
tool with which wc are all accustomed. The most 
practical screwdrivers can be made by the workman 
himself. 

A complete range of screwdrivers runs from J in. 
in width down to ^ in., the last-named being used 
for removing jewel screws. 

The eyeglass, which is generally considered 
indispensable to the watchmaker, can well be 
dispensed with if the workman has good eyes, 
and if he has not, a pair of spectacles will benefit 
him, and save him from damaging his sight. 
Occasionally the one of a glass is convenient in 
order to see any dirt in a watch, and then it should 
be fixed in the eye as follows : 

The edge of the glass should not bo less than 
1 in. in diameter, and should not exceed 2 in. Press 
the upper edge under a fold of skin just above the 
eyebrow, unless you have very projecting bones, 
when you may be able to catch it beneath the rim 
of the bone. Gently press the lower rim against the. 
skin of the cheek, when the glass will grip and be 
easily held. Anything like making grimaces is 
quite unnecessary, and will prevent you from 
seeing. In purchasing a glass do not get one 
too strong. 

Several brushes, rather finer than those used 
for clockwork, will be required, and a piece of 
billiard chalk or French chalk to clean them on. 
Tissue-paper, pegs of wood, tweezers, nippers like 
cutting pliers, and so forth, will be necessary. 

As dust is the chief enemy of watches, a plentiful 
supply of broken wineglasses should be collected, 
for they are always useful to use as small bell- 
glasses. 

Taking a Watch to Pieces. Though we 
have not followed the regular practice in making 
a start at clockwork, we will do so in learning the 
parts of a watch, for two reasons — namely, the 
works of an English lever watch are very similar to 
those of our cheap clock on a smaller scale, and 
levers are expensive and easily damaged. The old 
verge watch will show us some new features, is 
strong, and an old one can be borrowed from most 
obliging watchmakers. Further, the mechanism 
of a verge watch will, apart from the escapement, 
teach us the essentials of the 
mechanism of the old stye of 
lever watch, and even that of 
the chronometer. 

To take a watch out of its 
case you must look for the 
fastening, which, in a verge 
watch, are a spring and hinge. 
The hinge is under the XIT., 
o. TOP PLATS OP an d the spring under the VI. 

VERGE WATCH Press out the pin of the hinge 
A. Name- plate B. Cock fi rs t with the points of the 

D. PtaHf baT^n» tweezora, remembering that the 

E, Regulator pins of a watch are always 
2 H G a6 
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put in in the direction from the 111. to the IX., 
so must be pushed out in the opposite direction. 
If the spring be then lifted the entire movement 
will come out into the hand. 

The next thing to do before examining the works 
is to remove the hands, and this is easily done, 
either with a pair of cutting pliers, just catching 
the edges under the centre flanges, or by prising 
up with the edge of a knife. Once the hands are 
removed, we can look at the works. Turn them over, 
and lay the watch on the rim of the eyeglass, or 
on the edge of a small wineglass, to prevent any- 
thing being damaged. 

The first thing that strikes us is that the balance, 
instead of being inside the watch, as in the cheap 
clock, is held by a cook on the outside back-plate. 
Beyond that we. see a curved plate, which is called 
the name-jJate, and which covers the spring barrel, 
and that is all to be seen. The figure will explain 
these parts. Look under the dial, and see where 
the pins are that hold it on, and then prise these 
out by lightly cutting into them with the edge of 
your knife, and then turning outwards. The dial can 
then be removed, and the motion work exposed, 
which is the same as in our cheap clock, so we need 
not trouble about it. One thing, however, wo must 
impress upon you here — never take hold of watch 
parts in your hands ; always use the tweezers or a 
piece of tissue-paper. 

Removing the Plates. Oloar off the 
motion work, with the exception of the cannon 
pinion, and then turn the watch over, and you 
will be ready to take off the plates. First unscrew 
the screws which hold the cock, and gently lift 
it. Next unpin the balance spring and withdraw 
the balance straight upwards, checking one of the 
wheels at the side, so as not to let the watch run 
down too violently. Bound the place where the 
balance lay will be found the regulator, which may 
be a plain circle, or possibly very highly decorated. 
At the hole through which tho staff of the 
balance wheel, or rerye, as it is called, passed you 
will see a 
little wheel 
with teeth 
standing 
parallel to 
its axis, 
w h i c li i s 
h o r i z ontal 
as the watch 
lies. Th is 
sjKjcies of 
w h e e 1 is 
a c r o w n 
wheel, and 
the escape- 
ment of this 
watch is 

caused by ? TRAIN 0 F VERGE WATCH, WITH 
two thin TOp 1>LATF REM ovED 

Ranges, ^ p arre i Jj, Fusee C. Central wheel f 
winch you D Third wheel JS. Crown wheel, or contrate 
will see on F. Chain 
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the balance staff swinging from tooth to tooth, 
and so permitting one at a tj'ipe to pose. Ilia 
motion of this crown wheel is passed' to a pinion 
on its arbor, and this is the escape pinion of this . 
kind of watch. Unscrew the name-plate, and you 
will see the barrel beneath, lying with a chain 
ooiled round it. 

Before going further let the watch run down to 
its full extent, and then proceed to “ let down the 
spring,*’ which means let aH the slack of the spring 
out This is done as follows. On the dial side of 
the watch- plate will be seen a tiny ratchet and 
click. Put a key on the winding square and turn just 
enough to enable you to raise the click ; then let 
the spring run down carefully, noting how much it 
has to go, so as to be able to set it up when you put 
the watch together again. 

The spring being now quite loose, the chain will 
lie loose round the barrel, and the barrel may be 
lifted out after the tiny chain has been unhooked 
from the hole on it. The chain can then be released 
from the fusee round which it runs, and taken away 
and placed under cover. Note that the hooks on the 
ends of the chain differ, that on the fusee end being 
short, while that which goes into the barrel 1ms a 
long tail. 

All the top of the plate being clear, unpin the plate 
as in clockwork, and carefully lift the plate off, 
keeping it parallel to the bottom one, so us not to 
strain the pivots. 

The Train. The train of wheels will then 
be seen, if you replace the barrel for the moment, 
as is illustrated. The actual motion is as follows : 
The spring in the barrel pulls the chain off the 
fusee, which is the curious wheel with the spiral 
stop running up it, and the wheel on the fusee 
may be considered as the great wheel. This 
runs on the centre-wheel pinion, which in turn 
moves the third wheel. The fourth wheel, 
moved by this, has its teeth standing up ; this is 
a crown wheel, and is called the contratc wheel 
in verge watches. The teeth of this work on 
the pinion of the escape-wheel arbor, and so 
the escape wheel turns. Comparison with our 
American clock will show us no really fundamental 
differences, though the mechanical means of impart- 
ing the force of the spring is strange. 

It may be asked why the fusee has steps running 
up it. The reason is that the more a spring unwinds 
tne weaker it gets, and the spiral is regulated to 
give the spring harder work to do when it is 
strong and easier work when it is weak, and so 
counteract the variation in its strength, and 
enable tolerably equal vibrations of the balance to 
be maintained. 

The wheels can now be taken out, taking the 
barrel first, then the contratc, next the fusee, then 
the second wheel, and, lastly, the third wheel, which 
will probably have to be removed by unscrewing 
the plate on the pillar plate of the watch, as the 
second wheel in verges is often held in by its pinion, 
which should not be disturbed unless absolutely 
necessary. 

The parts should all be brushed and cleaned 
carefully, the wheels being held the while between 
pieces of tissue paper. The holes must be cleaned 
out with pegs until the wood returns quite clean, 
mid everything done as in olock cleaning, save that 
far greater care must be taken, and the minimum 
amount of pressure used on the delicate pinions 
and arbors. When all is clean we will turn over 
tike top plate, and attached to it we shall find 
the escape wheel, with its pinion running between 
two blocks, the inside one of which is called 


* the poknee cock. This pptenee cock not only 
acts as a bearing for the ’scape wheel, but also for 
the foot of the verge. The other end of the pinion 
passes into a bearing in a little plug called the fol- 
lower, which passes through the outside stud, 
or counter potence, and Dy withdrawing this 
plug the ’scape wheel and its parts can be with- 
drawn. 

You may find some difficulty in cleaning the 
tiny pivots of the arbors, but if you use a fragment 
of common elder pith instead of the brush you will 
find that they can be beautifully cleaned. 

Examining. Having got your wheel parts 
thoroughly clean, the next thing to do is to examine 
them, and try them all by spinning them in their 
own pivots or between a pair of female centres 
in the turns to make certain that they are quite true 
— in flat and in round, as the watchmakers call it. 
If a wheel is a little out of flat a small steel bar, 
having a hollow in it to receive the arbor, but well 
able to support the wheel, is put into the vice, and 
the wheel is placed on this. The stake is called a 
4 ‘ bumping up stake.” With a very light hammer 
tlve wheel can now be gently tapped till it is quite 
flat. Wheels out of round must be discarded, and 
a new wheel fitted to the arbor exactly as was 
done in repairing a clock, but on a smaller scale. 
Any wheels which are loose on their collets must 
be carefully riveted up, and a wheel with only one 
tooth broken may have that repaired either by 
inserting a new piece, as in a clock wheel, or 
by soldering in a tiny fragment to form a new 
tooth. 

Next examine the pillars in the pillar plate, and 
if any are loose they must be riveted tight, for a 
defective pillar often makes a watch stop through 
shifting the positions of the pivot holes. 

Now begin to put up the watch, and try the 
depths and end shakes of the pinions, beginning 
with the gearing of the fusee with the centre wheel 
pinion. The fusee must stand quite upright in 
its pivot hole, or else the chain will not run on pro- 
perly. If it is defective the shoulder of the pivot 
must be turned till it is right. The depths in these 
watches should be about two- thirds of the wheel 
teeth to make them run smoothly. Experience 
alone will tell you whether the amount of any 
particular pair of wheels should be more or 
less. 

The Mainspring. We may now take the 
barrel, which contains the mainspring, and take 
out the spring to clean. The lia of the barrel 
will be readily distinguished by having a tiny 
groove cut in its edge to permit of the point of 
the tweezers being inserted to prise up the lid. 
When that is done the spring will be seen lying 
coiled up round inside the rim of the barrel. The 
barrel arbor must now be removed by turning the 
arbor the opposite way to that which winds the spring, 
and then, when you have heard the click, hold the 
spring in the barrel, and firmly pull out the barrel. 
Now seize the centre part of tne spring with the 
tweezers, and carefully nolding the rest in the barrel, 
disengage one or two rounds from the spring, and 
get them out of the barrel. The rest will then come 
out with ease, provided you release coil after coil, 
and do not let the yrifeue lot rush out. When the 
last coil is about to come out, you must unhook the 
end of the spring from the rim of the barrel. 

The spring oan now be cleaned by passing it 
between the blades of the tweezers which have 
been covered with tissue paper. The inside of the 
barrel must also be cleaned with paper rolled round 
a piece of wood. Similarly the barrel arboy and pivot 



holes should be thoroughly cleaned, and any rust 
removed with emery and oil, followed by crocus and 
oil, and lastly by the burnisher. 

Replacing the mainspring in the barrel is done in 
the trade' by means of a special winder which catches 
the centre end of the spring, and winds it up till it is 
just tight enough to go into the barrel. When placed 
in the barrel it is turned round till it hooks itself 
on the outside. But the operation can bo done by 
hand after a very little practice. First hook on the 
outside end of the spring in the barrel, and then start 
to coil the spring carefully into the barrel, laying 
each coil close up to the one outside it. If the 
barrel is kept rotating in the left hand, with the 
thumb above the spring, as the right feeds in the 
spring, the task is not difficult-, and can be per- 
formed almost as rapidly as with the winder. When 
all the spring is in, pass the barrel arbor through the 
centre and turn it till the hook catches. Then put 
a drop of oil on the spring, and lix on the lid of tho 
barrel by pressing it firmly. 

The Adjusting Rod. To adjust the spring 
of a verge watch tho barrel, fusee, and centre wheel 
must be put into the frame and the chain attached 
to barrel and fusee. The barrel is now wound up 
till the chain is all on it. Now give the key another 
half turn, which will set up the spring a little. 
An instrument called an adjusting rod , which is 
really a long steel rod along which a weight slides, 
is put on the winding square, and one turn given to 
the fusee. The weight is now slid along the bar 
till it exactly counterbalances the force of the 
spring. Now the fusee is turned till it is full 
of chain, and tho spring force again tested. If it is 
less than it was before, then the spring is set up too 
much ; if more, then the spring must be set up a 
little more. When the spring is adjusted, a mark 
must be made on the barrel arbor and on the name- 
plate or top plate to enable you to set it up when 
required to the right point. 

The chain is cleaned by wiping it with paper, 
and no oil must be put on it. The click work for 
keeping the watch going while it is being wound, 
which is to be found inside the fusee of the more 
modern verge watches, must be got at for cleaning by 
unpinning the great wheel from below the fusee, and 
pulling it off its arbor. All can then be cleaned. 
The potence cock must have the wedge which holds 
the bearing for the lower end of the verge pulled 
out to enable you to clean the pivot hole, which 
must then be oiled before replacing. 

To Put Together. Lay the pillar plate 
on an eyeglass, and drop in the wheels in order, re- 
membering that the third wheel is the first in this 
class of watch to be inserted, unless it is fastened 
from behind. When all arc in their places except- 
the barrel, put on the upper plate carefully, dodging 
the pivots into their bearings as they touch the 
plate, which must be lowered gradually. When all 
are in pin on the plate, test the wheels by giving an 
impulse to tho great wheel, which should set the whole 
train in motion, then put in the barrel and chain, 
first fastening down the barrel with the name plate, 
and then hooking on the chain, which should be laid 
straight out in preparation. Pass the chain from the 
side of the fusee inside the nillar, and then to the 
barrel, turning the latter till the chain can be hooked 
in its hole. Then with a key on the square turn till 
the chain is nearly all wound up and is in a con- 
venient position to be liooked to the fusee, which 
is then done. Then set the spring up as before. 

The balance is now dropped in, the verge passing 
down to its bearing, ana the spring being passed 
between* the regulator guides, and thence through 
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its stud, and secured in its proper position, after 
which the cock is put oh and the watch should go. 
The motion wheels and dial .are put on as indicated 
when removing, and the whole replaced in its ease, 
after which it is best to put on the hands, and not 
before, for the cock might get bent in pressing 
them on. 

Repairs. A broken mainspring will have to 
be replaced by a new one, and as this operation 
will frequently have to be performed in all watches 
which fall into the hands of tho worker we shall take 
this operation first. Select a spring about the same 
width and thickness as the old one. Measure it in 
the barrel. It should reach nearly to the top, and 
should occupy one half of the space between tho 
arbor and the edge. If it is too long cut olT a piece 
to make it the right length. Heat an inch at the 
outer end in. a Bunsen burner till nearly red hot, 
and allow to cool. Then punch a hole in it to take 
the hook, and taper off the point of the spring. 
The hole will then hook oil the barrel hook, and the 
spring can ho fitted. Tf, however, as is sometimes 
the case, the barrel has a hole, then you must rivet 
a hook to tho end of the Hpring. If a spring is too 
strong, but otherwise of the right size, you may 
slightly weaken it by rubbing tho inside of the coil 
with a piece of stick charged with emery and oil, 
afterwards removing all with turpentine, and drying 
perfectly. If the break is near the outer end the 
same spring can be made to answer by punching the 
proper hole, or by adding a hook as may be 
required. 

To Mend a Chain. A broken chain is a very 
frequent accident in verge and other fusoe watches, 
and the necessary repair is not difficult to make. 
Rest the broken chain on a piece of hard wood, and 
while pressing the last link down with the thumb- 
nail, prize mien the link rivet with the edge of a 
penknife. Turn the chain over and loosen the 
corresponding end of the opposite link in the same 
manner. With a little manauivring, the broken 
link can now be removed, and in the open space thus 
made, the link of the other portion of the chain can 
be inserted. Then, with a piece of steel wire, 
tempered till it is blue, make a pin to pass through 
the link holes so as to fasten the chain. Press the 
pin in tight, and cut off close with pliers. File with 
a smooth, tile till nearly level with the chain, and 
then a few taps with a light, round-faced hammer 
will make a little rivet sufficient to hold. 

Putting in a New Barrel Arbor. This is 
rather a delicate job, which occasionally is necessary. 
In making new' watches, the arbors are generally 
purchased in the rough, and in the ease of Geneva 
arbors with ratchets, almost invariably so, when 
only accurate fitt ing and polishing is required. But 
occasionally it happens that a watch is brought in 
for repairs, and it may be necessary to make tho 
arbor instead of purchasing a single one. 

There are three kinds of arbors in common use — 
namely, the plain English arbor, the plain Geneva 
and the Geneva with ratchet. The last you must 
buy, but the other two you can make. Take a 
piece of ordinary round steel and turn it nearly to 
sha pe in the foot lathe. Then attach a screw ferrule, 
and turn down in the turns till the body, or the 
centre part, is exactly to gauge. When polished, it 
should just lit the barrel holes tightly, and then one 
turn with a suitable sized broach in the hole will 
give it enough freedom. 

In an English arbor, next turn the top pivot and 
fit it into the name plate, after which carefully file 
the square on the other end of the arbor to receive 
the ratchet. 
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In a Geneva arbor it is best to make the square are of various kinds, but we need not trouble about 

for the finger piece of the stop work first, and then the varieties; since once the main principle is under- 
finish the lower pivot, after which the top, or stood, the variations will be readily grasped, 

winding square, must be made. This also holds the Cylinder or Horizontal Watches, 

ratchet The ends of the squares are rounded off These, of Swiss make, used to form a Very great 

in a screw-head tool or in a lathe. The hook for portion of the cheap watches sold in England, 

the spring in both arbors is made by drilling a hole They keep fair time, but unfortunately their esoape- 

obliquely in the body and driving in tight a piece raents are rather delicate and readily broken. The 

of highly tempered steel, afterwards cutting oil the ’scape wheel is of a pattern which we have not yet 

excess and filing to shape. met. Round the rim a series of projections stand 

To Put on a Balance Spring* The up at right angles to the plane of the wheel. On the 

balanoe spring, which should be selected as near the tops of these, and above the plane of the wheel, are 

size and thickness of the broken one, is to be fixed a number of teeth, the outer edge of all of which 

into the centre collet, where there is a split to hold it, form segments of the same circle. The teeth are 

which may require tightening up by a gentle tap like wedges, with one curved side, and all point 

with a punch. Then, seeing that the spring lies in the direction the wheel is to travel, 

quite flat, pass it through tne regulator fork and The staff of the balance, or verge, is expanded 

into the stud. Turn till the staff of the wheel when into a comparatively large hollow cylinder in the 

in the frame is in proper position, and then peg up middle, large enough to hold one tooth of the ’scape 

lightly. If the spring is found to be too strong it wheel, ancl the stem on which it stands. Very 

can be weakened by very lightly rubbing the nearly half of the side of this cylinder is cut away, 

interior of the centre coil with a flattened piece of Now, as the balance wheel swings one tooth passes 

wire charged with oilstone and oil, the spring being into the cylinder, and before it can go through its 

removed from its collet for the purpose ana point is caught on the inside face of the cylinder, 

mounted on an arbor or wooden pin. Very little The swing continues. Then it reverses, and as 

suffices. If the spring is too weak, and will not soon as the point of the tooth has emerged from the 

work if more be taken up in the pin, then another cylinder the slope of the outer face of the tooth 

new one must be taken. rubbing against the exit lip gives an impulse to the 

Other Repairs. Bent teeth and defective cylinder and keeps up the swing. But, less than half 

pinion leaves and faulty pivots are dealt witli in a circle being cut away, the outside of the cylinder 

exactly the same way as those of a clock, so the has caught the following tooth, and prevented it 

work which we have learned will be of service to us. from entering till that swing is done and the for- 

Only practice can make the hands sufficiently ward one begun, when the next tooth takes up the 
delicate and steady to do fine watch work with work, enters the cylin- 

preeision, and the beginner will have to be prepared A der, and in doing so 

for long years of training. imparts an impulse by 

New Watches* Contrary to the general iW rubbing on the enter- 

opinion, no one makes a watch entirely himself, q pH ing lip! The form is 

some dozen, at least, being employed on the rough ^ llfA Jj ^ ingenious, and the an- 

parts alone, and a host of other trades also called nexed diagram may 

in to help. For instance, the cutting of the pivot ^ explain its action, 

holes in the plates is one trade ; the making of the J r Watches of this type 

jewel collars and fittings is another ; the fitting of *** ore vcr y °R©b made 

the jewels a third; and the fashioning of jewelled o rvTTNnFn. wi-rm without pillars, each 

pivots a fourth, and so on. The watchmaker is a ’ wheel being held by a 

man who knows how to take a watch to pieces and .. , CA , . NT separate cock. This 

clean it, and do the necessary repairs ; but he must £ Tooth to e fc gives the watch a very 

not be expected to make every part himself. Also, c. Tooth waiting to enter open appearance, and 

he can purchase his parts and finish them, put them permits of the train of 

together and udjust them himself. In that last wheels being examined without taking the whole 

word the secret of his skill stands revealed. The watcli to pieces ; in taking to pieces, each cock 

adjusting of a watch so that its depths and end must be removed separately. These watches, like 
shakes are absolutely correct, its balance and lovers, are driven by a spring, enclosed in a 

escapement working regularly, and its daily rate barrel, the arbor of which is usually a Geneva 

even, is a faculty which only practical experience arbor with ratchet, though sometimes a plain 
can teach. No book can initiate one into that Geneva arbor. Their works are generally small, 

branch ; all that a book can do is to give the rough, and until the beginner has practised on a verge, 

practical directions for the manual work in setting he is not recommended to try his hand on a Swiss 
up a wateh. watch with the horizontal escapement. 

Other Kinds of Watches). The two mam Chronometers are special timepieces for ships, 
types of watches to be found on the English market and generally possess a fusee and chain, to equalise 

are the lever watches and the cylinder or horizontal any variation in the spring. They are extremely 

ones. Lever watches greatly resemble the clock we delicate, and have to be kept in one position. The 

experimented upon. The lever notch is occasionally making and adjusting of these is a trade of its own, 

furnished with jewelled sides, which engage in the and we need not consider it, for the chronometer 

pin on the balance staff by which the lever, turning maker has to be a first-class watchmaker before he 

on its fulcrum, is swung backwards and forwards, can learn the rudiments of his more scientific 

lifting the pallets in exactly the same way as in a calling. 

spring clock. They are driven by a spring coiled One last word of caution : books may teach you 
in a barrel, the edge of which forms the great wheel, how to do a job ; only practice will enable you to 

SO they have a wheel less than fusee watches. They do it satisfactorily. 

Clocks and Watches concluded ; followed by Scientific Instruments 

■%*: 
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By HERBERT J. ALLPORT, M.A. 


1. Measurement of Angles. Tho way 

in which the magnitude of the angle AOB is 
measured has been explained on page 4207. In 
Geometry we considered only those angles in 
which the revolving line has turned through 
less than four right angles, but in Trigonometry 
the revolving line may make any number of 
complete revolutions before coming to its final 
position. 

In the measurement of any sort of quantity 
we require a unit of the same kind as the thing 
measured : the measure of tho quantity is tho 
number of times which the thing measured con- 
tains the unit. For practical work tho unit 
angle is the Right Angle. In theoretical investi- 
gations it is more convenient to use for unit tho 
angle subtended at tho centre of a circle by an 
arc equal in length to the radius. It is, of 
course, necessary that the size of a unit should 
always be the same ; hence we shall have to 
prove that this angle at tho centre of a circle is 
always the same size, whether the circle be large 
or small. 

The two systems of measurement are called, 
from the respective units employed -- 

(a) Rectangular Measure ; (b) Circular 

Measure. 

2. Rectangular Measure. The right 
angle is a largo angle, and therefore has to be 
subdivided. It is divided into 90 equal parts 
called degrees ; a degree is divided into 60 equal 
parts called minutes ; a minute is divided into 
60 equal parts called seconds . These are in- 
dicated, respectively, by the symbols ', ", so 
that an angle which contains 1117 degrees 47 
minutes and 19 seconds would be written 

137° 47' 19". 

Note. Another method of subdivision, in 
which a right angle is divided into 100 grades, 
a grade into 100 minutes , a minute into 100 
seconds , was suggested at the time of tho 
French Revolution. This system, however, 
has nover been adopted, because of the altera- 
tions which would be necessary in the records 
of geographical and astronomical observations. 

3. Circular Measure. Tho unit of circular 
measure is called tho radian , and is, as stated 
above, the angle subtended at the centre of any 
circle by an arc equal in length to the radius of 

tho circle. 

In order to prove that 
| this angle is independent 
of the size of the circle we 
must first show that the 
ratio of the circumference 
to the diameter ,is the same for all circles. 

Draw any two circles* and let their radii be » j 
and r«. Describe a regular polygon of n sides 
in eacn circle. Let AB be a side of one polygora 



and PQ a side of the other. Then, if C and O 
be the centres of the circlos, the angles ACB 

and POQ are equal, since each is A of four 

n. 

right angles. But ABC, ( >PQ are isosceles ; 
therefore, since their vertical s aro equal, 
their remaining lh are equal. 

. AB ^ PQ 
* • AC P()‘ 

• *_• A1 * = ?L* p Q 

r, i\, * 

Now n . AB and n . PQ are the perimeters 
sums of the sides) of the polygons, and by 
making n infinitely great theso perimeters differ 
from the circumferences of the circles by an 
infinitely small quantity. Hence 

First Q ,P Second O' 0 
?i r 'i 

Thus, the ratio of the Qr to the radius , and 
therefore of the QT to the diameter , is the same 
for all Qs. This ratio is an incommensurable 
quantity [see page 1440], and is always denoted 
by the Greek letter it. Hence, in all circles, 
Circumference -- x x Diameter. 

The numerical value of x cannot be found 
exactly ; but by more advanced Trigonometry 
than we are dealing with at present its value 
can be found to any degree of approximation. 
To five decimal places tho value is 3*14159. 
We know that 3f = 3 *142857, so that if we use 
the value 31 for V we shall be accurate to two 
decimal places, and this is generally sufficient 
for practical purposes. 

All Radians are Equal. Let PQR be a 

0 whose centre is 0, and let the 
arc RP be equal in length to tho 
radius. Note that it is not the 
j* chord RP which equals tho radius. 
Now, it can be proved that the 
ratio of angles at the centre of 
a 0 is the same as the ratio of the arcs on 
which they stand. 

. lROV^ arc UP 

” L ROQ arc KPQ 

radius r 1 



. A radian 
t 2 right l s 


semh0' B 7rr 
1 
X 

1 


or, a radian ■= of 2 right LB. 

1 X 

Hence, a radian is always the same fraction 
of two right lb , and is therefore a constant 

angle. , 

4. Unit of Measurement. We have now 
shown that a radian is a constant angle, and so 
may be used as a unit for measuring other angles. 
The number of radians in an angle is the 
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circular* measure of the angle. By Article 8, 


A radian * 


i — of 180° 
180° 

3*14169" 


57*295.. 


Also, since a radian a 


s -i- of 2 right L*. 

t radians = 2 right L s ; 
i.c., the circular measure of two right Ls is it. 

Note. Angles expressed in circular measure 
are usually denoted by Greek letters, such as 
a, p, 0. We then speak of 4 ‘the angle 0.” 
Really, it should be “ the angle 0 radians” but 
the use of the Greek letter avoids all ambiguity. 
In the same way we speak of the “ angle sixty ” 
when we mean “sixty degrees” Similarly, 
“the angle A” always means “A degrees” 

5. Conversion of One System to the 
Other. Any known fraction of two right l s 
is easily expressed in circular measure. For, 
since 


we have 


2 right l s = xr, 
1 right 


L — 


2 ’ 


45° = a right 


L = 


T* 


60°= 4- of 2 right 4.8=4 


:r 


30°= i of 2 right u s = 


angles. 


D=**?x 


_D__ o_ 

180 

*• ai,d (?= ilo x D - 


180 


If an 


multiply by 

measure in degrees we multiply by 

71 

angle is given in degrees, minutes and seconds, 
it should be expressed as the decimal of a 
degree before being converted. 

6. Circular Measure of any Angle at 
the Centre of a Circle. Let 
PQR be a circle whoso centre is 
O. Let HOP be any angle at the 
centre. Make the arc RQ equal 
to the radius. Then l ROQ is a 
radian. Now, angles at the centre 
are as the arcs on which they stand. 

L. ROP arc IIQP 
• * L ROQ “ arc RQ 9 
. l ROP _ arc RQP 




Example. The angle subtended by the 
diameter of the sun at the observer’s eye is 
32'. Find the sun’s diameter, approximately, 
if the suu’s distance is 90 million miles. ' r 
. Let O be the observer’s eye, AB the diameter 
of the sun. Now, since the L AOB is very 
* small, and the 

sun’s distance, 
OA, is very great, 
the diameter AB 
will be very small compared with OA. Hence, 
we may consider that AB is a very small portion 
of the circumference of a 0 whose centre is O 
and whose radius is 90 million miles. 

AR 

Circular measure of l AOB = j 

OA 



Sun’s diame ter 
90 million miles 


=©“ measure of 32' 


=© Hr 


. 32 


JL_ 

3 

1 

- ui i riuiib 

O b 

In general, if D is the number of degrees in 
any angle, and 0 the number of radians in the 

same angle, then each of the fractions, ~~ and 

0 

— , denotes the ratio of the angle to two right 


Thus, to bring degrees to circular measure we 
while, to express circular 


a radian radius 

/.ROP = x a radian, 

radius 

Thus, the circular measure of an angle at the 
centre iff a circle is the ratio of the arc on which 
it stands, to the radius . 

\ Continued 


measure of ~~ degree 
bu 

_ 32 x w 

”60x180* 

Sun’s diameter ~ miles 
b0 X 180 X 7 

= 838,095 miles. 

7. Use of the Signs + and-. In 

Trigonometry, angles of any magnitude are 
D considered. Thus, starting from 
the position OR (called the initial 
line) the line OP revolves about 
R the origin O, in either direction , 
and may make any number of revolutions before 
coining to its final position. We have, there- 
fore, to make the following convention : 

(i.) When an angle ROP is described by OP 
turning in a direction contrary to the 
hands of a watch, the angle ROP is 
positive . Thus, if the revolving line 
had turned through three right angles, 
the angle ROP would be represented 
by + 270°. 

(ii.) When ROP is described by OP turning 
in the same direction as the hands of 
a watch, the angle ROP is negative. 
If OP had turned through a right 
angle, the L ROP would be - 90°. 
Again, in measuring a given length along a 
straight line from a given point in it, it is 
necessary to know in which 
direction the line is to be 
measured. Hence, if lines 
measured in one direction are 
* positive, lines in the opposite 
direction are called negative. 

In the case of the revolving 
line OP, the positive direc- 
tion, while the line turns, remains the same— 
viz., from O to P. We have, then, 

(i.) For lines parallel to the initial line OR, 
the positive direction is from 0 to R ; 
the negative direction from R to O. 
(ii.) For lines perpendicular to the initial 
line, the positive direction is from 
0 to B, and the negative from B to O. 
(iii.) The line OP is always positive. 
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FRENCH 

By Louis A. Barbe, B.A. 


VERBS 

Use of the Subjunctive— continued 

6. The verb must be in the subjunctive when it is 
preceded by a relative pronoun having for its ante- 
cedent a noun qualified by a superlative, or by some 
word equivalent to a superlative, such as : le 
premier, the first ; le dernier, the last ; le seul, the 
only r Le chien est le seul animal dont la fidelite. 
soit A vipreuve, The dog is the only animal whose 
fidelity can be relied on (lit. is proof). 

When the superlative is followed by an indirect 
object the verb is in the indicative : Le soldi est 
le pins grand dcs corps que Con a permit dans le 
cid, The sun is the largest of the bodies that we 
perceive in the heavens. 

6. After quel que ( quelle que , quels que, quelles que), 
whatever ; qui que, whosoever ; qnoi que , whatso- 
ever, the subjunctive is required in the subordinate 
clause: Quel que soit le rnerite d'nn homme , il we 
pent hhapper A Cenvie , Whatever a man’s merit 
may be, he cannot escape envy. 

7. Quelque . . . que , and at . . . que, 

meaning whatever, however, require the verb 
following them to be in the subjunctive : Quelque. 
effort que f assent les homines, leur nktnt parait 
partout , Whatever effort men may make, their 
nothingness is everywhere apparent. 

8. When que is used to avoid the repetition of 
si, the verb that follows it must be in the sub- 
junctive: Si vou8 passes par cette ville et que vous 
pnissiez disposer d'nne couple de jours , ne manquez 
pas de vous y arreter. If you pass through that 
town, and if you can spare a couple of days, do 
not fail to make a stay there. 

9. The subjunctive is used (a) after conjunctions 
indicating time before which, or time up to which, 
as avant que, cn attendant que , jusqu'A ce que ; {b) 
after conjunctions indicating purpose or result, as 
a fm que, pour que , de crainte que, de peur que; 

(c) after conjunctions implying a condition or sup- 
position, as m eas que, au can que, a moins que . . . ne, 
pourvu. que , suppose qui ; (d) after conjunctions 
implying a concession, as quoique, bien que, encore 
que , soit que . . . soit que ; soit que on que ; 
pour peu que , si tant est que ; and (e) after con- 
junctions involving a negation, as non que, non pas 
que , loin que, sans que : 

(а) Je lui ai paye cette somme avant qu'jl parti t, 
I paiji him that amount before he left. 

(б) Ce livre est toujours sur le bureau, a fin quon 
puisse le consulter , That book is always on the desk, 
so that it may be consulted. 

(c) Pourvu qu'on sache la passion dominante dc 

quelqu'un, on est assure de lui 'plaire. Providing we 
snow the master-passion of any one, we arc sure 
to please him. , 

(d) Quoiqu'il soit pauvre, il est un honnete homme , 
Although ne is poor, he is an honest man. 

(e) Je dis eda, non que je venille me plaindrc, 
mais pour que vous sachiez ce qui s' est passe , I say 
this, not that I wish to complain, but that you may 
know what has taken place. 


10. The subjunctive occurs in elliptical sentences 
expressing a wish or a command ; and, in such 
cases, the conjunction qua is sometimes omitted : 
Que Dicu vous ait en sa sainte garde , May God have 
you in His holy keeping; Vice le Hoi ! Long live 
the King ! 

11. The subjunctive is used idiomatically in the 
expression je ne sache. followed by a negation, and 
que je sache, preceded by one : Je nc sache rien 
qui soit plus digue de noire amour que la vertu , I 
know of nothing that is more worthy of our love 
than virtue ; Cette affaire ne le regarde mdlement, 
que je sache , This matter does not concern him in 
any way that I know of. 

Sequence of Tense9. 1. When the verb 
of the governing clause is in the present, whether 
indicative, subjunctive, or imperative, or in either 
of the future tenses of the indicative, the verb 
of the subordinate clause must be in the present 
subjunctive if it be intended to express an action 
or n state considered as either present or future in 
respect of the governing verb : Il faut que je sorts 
mainb nant, I must go out now. 

2. When the verb of the governing clause is in 
the present, whether indicative, subjunctive, or 
imperative, or in the future indicative, the verb of 
the subordinate clause must be in the perfect 
subjunctive if it he intended to express an action, 
or a state considered as past in respect of the 
governing verb : Je ne crois pas que. vous ayez fait 
tons vos efforts, I do not think you have done your 
utmost. 

3. When the verb of the governing clause is 
in any past, tense of the indicative or subjunctive, 
or in either tense of the conditional, the verb of the 
subordinate clause must be in the imperfect sub- 
junctive if it be intended to express an action or a 
state considered as either present or future in respect 
of the governing verb : Jc voulais qu'on retardat le 
dijxtrt. L wished the departure to be delayed. 

4. When the veib of the governing clause is in 

any past tense of the indicative or of the sub- 
junctive, or in either tense of the conditional, tho 
verb of the subordinate clause must be in the 
pluperfect subjunctive if it be intended to express 
an action or a state considered as past in respect 
of the governing verb : Je ne savais pas que vous 
nieussirz hr it, I did not know that you had 
written to me. . . 

5. When the verb of the governing clause is m the 
past indefinite, the verb of the subordinate clause 
is frequently put in the past subjunctive instead of 
the pluperfect subjunctive : 11 a. fallu qu il se soit 
donut bun dcs peines, He must have given himself 
a great deal of trouble. 

0. A past indefinite in the governing clause 
may be followed by a present subjunctive in the 
subordinate clause ‘to express an action or a state 
which is still present: Cet auteur n'a employe 
aucune. fiction qui ne soit vne image de la virile. 
That author has used no fiction that is not an 
image of truth. 


i 
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Agreement of the Paet Participle 

1. The paet participle, when not accompanying 
an auxiliary verb, is practically an adjective, ana 
agrees in gender And number with the noun or 
pronoun to which it refers : Voyez-voita Ih-bas ces 
collines couronndes de boic sombre# ? Do you see 
yonder those hills crowned with dark woods 1 

Exception : A certain number of past participles 
really become prepositions when they precede a 
substantive, and are then invariable. The chief of 
them are : attendu , considering ; vu, seeing ; 
except except; y compris f including; ci-indus, 
enclosed : Exceptl vous et moi , Except you and mo. 

These participles agree in the ordinary wav 
when they come after the noun or pronoun to which 
they refer ; Vous et moi exceptis, You and I excepted. 

2. When the past participle is accompanied by 
the verb Itre, to be, as is the case in all the tenses 
of passive verbs and in the compound tenses of 
some neuter or intransitive verbs, it always 
agrees in gender and number with the subject of 
the verb : La vertu obscure est souvent ml pr isle. 
Obscure virtue is often despiled. 

3. When the past participle is used in connection 
with avoir , to have, to form the compound tenses 
of an active verb, it agrees in gender and number 
with the direct object of the verb, providing that 
direct object precedes the verb : J'ai re$u toutes 
les lettres que vous m'avez adressles, I have received 
all the letters which you have addressed to me. 

In this example regu does not agree with the 
direct object, because that object — i.e., toutes les 
lettres— comes after it. Adressles, on the other 
hand, agrees with its direct object que, because 
that direct object precedes it. 

4. It follows from this rule that, as a neuter 
verb cannot have a direct object, its participle is 
always invariable ; La justice et la moderation de 
nos ennemis nous out plus nui que leur valtur. The 
justice and moderation of our enemies have done 
us more harm than their valour. In this example, 
the neuter verb nuirc ( — to injure, to do harm) 
governs nous in the dative, or indirect object. 
There can, consequently, be no agreement. 

5. Pronominal, or reflexive, verbs are conjugated 
in their compound tenses with the help of lire , to be. 
This auxiliary, however, is equivalent to avoir , to 
have ; and the rule for the agreement of the past 
participle is the same as in the case of the past 
participle conjugated with avoir [see above, 3] : 
Ces homines se soul re pent ts, Those men have 
repented. In this sentence se is the direct object 
of the pronominal verb se repentir , to repent ; and 
consequently the past participle agrees with it. 

EUe s' est plu & m< conlredire , She delighted in 
contradicting me. In this example, the pronominal 
verb se plaire , to delight in, is made from the 
intransitive verb fJaire. The pronoun s’ ( - se) 
is governed by it in the dative. Consequently 
there is no agreement. 

Nous nous nominee lave les mains , We have washed 
our hands. Here the direct object of the pro* 
nominal verb se laver is the noun mains ; and, as 
it does not precede the verb there is no agreement. 
On the other hand, the past participle agrees with 
the second nous in the following example, where it 
, is the direct object : Nous nous sommes lavls , We 
have washed (ourselves). 

? -6. The past participle of an impersonal verb, 
i>Or of a verb used impersonally, can never have a 
.direct object with which to agree: Les c haleurs 
fey $ fait pendant I'ltt, The heat which was 

; 


experienced during the summer. Here U a fait 
i * it has made) is used impersonally and idio* 
matieally to indicate existence ( = there has been). 

7. The past participle HI never changes under 
any circumstances: La maison a Hi brtdie. The 
house was burnt. Nous sommes ce que nous awns 
toujour s Hi, We are what we always have been. 

Special Case*. 1. When the past particinle 
conjugated with the auxiliary avoir and preceded 
by a direct object is followed by an infinitive, that 
past participle agrees with the objeot if it is the 
governing verb. It does not agree if the infinitive is 
the governing verb : Les dames que nous avons enten - 
d nes chanter. The ladies whom we heard sing (singing). 
Here, the past participle agrees because it belongs to 
the verb governing whom. It is to be noted that 
in this case, the French infinitive chanter may be 
translated by the English present participle singing. 

Les airs que nous avon ? mtendu chanter , The 
melodies which we heard sung. Here the past 
participle does not agree, because not it, but 
chanter is the verb governing que. It is to be 
noted that in this case the French _ infinitive is 
translated by the English past participle sung. 

The past participle fa*t does not come under this 
rule. When immediately followed by an infinitive 
it always remains unchanged (fait) : Une femme s' est 
prlsentee a la forte ; je Fat fait fxisser , A woman pre- 
sented herself at the door ; 1 made her pass in. 

2. It frequently happens that a governing in- 
finitive is understood after the past participles of 
devoir, vouloir and pouvoir — i.e., dii, voidu , pv. 
In that case the past participle does not agree 
with the preceding object: Je liti ai rendu tousle v 
services que fat pa , I have rendered all the services 
which I could (i.e., render him). 

3. A past participle picceded by the relative 
pronoun qut, and followed by the conjunction 
que, never agrees with the relative : Les lettres que 
j'ai print qm vous rtcevriez , The letters which l 
foresaw you would receive. 

4. The past participle does not agree with e?i, 
some, any : 11 a achetl plus de limes qu'il n'en a 
lu, He has bought more books than he has read. 

The past participle preceded by en may, how- 
ever, agree with some other word also preceding 
it : J'ai reconnu la maison d'apres la description que 
vous m'en avez faite , I recognised the house from the 
description you gave me of it. 

5. After le pen the past participle remains un- 
changed if It pt u is equivalent to “ the want of ” : Le 
pen d' affection que vous Ini avez U moignlV adlcouragl. 
The little affection you showed him discouraged him. 

If, on the contrary, le peu represents a positive 
quantity, a certain amount, the past participle 
agrees with the complement of le peu — i e., the noun 
coming after it : Le peu d' affection que vous lui 
avez tlmoignle Va encourage. The little affection 
you showed him encouraged him. 

ADVERBS 

Negation. 1. Negation is usually expressed 
by ne and pas, ot ftoint (which is rather stronger than 
pas). Ce n'est pas moi qui vous I'ai dit. It is not I 
who told you. 

2. The seoond part of the negation is omitted 
after savoir, used with the meaning of pouvoir, 
to be able: Je ne saitrais en venir < toout , I cannot 
manage it. In this construction the present con- 
ditional of savoir is used instead of the present 
indicative of pouvoir, 

3. When sawtV has it* ordinary meaning of “ to 
know ” it requires pas when used negatively : 11 
ne sait pas le frangais , He does not know French. 



4. When* a verb used negatively is followed by 
a negative relative clause, that relative clause takes 
ne only : 11 n'y a personne qui ne le respectc, 
There ds no one but respects him. 

5. When the negation is expressed by any word 
but“ not,** such as “ never,*’ “ nobody,” “ nothing,” 
etc., ne is used, but pas must be omitted : Je we 
dots rien , I owe nothing. 

6. In negations the order of the words is usually : 
first, ne ; second, verb ; third, second part of the 
negative expression. But when “ nobody ” or 
“ nothing *’ is the subject of the sentence, per- 
sonne , or Wen, must precede ne : Personne n'a voulu 
lui parler , Nobody would speak to him. 

7. “ Neither — nor ** must be expressed by ne — 
ni : EUe n'a ni frere ni soeur, She has neither brother 
nor sister. 

8. Several negative expressions may occur in 
the same sentence, in which case ne is used only 
once : Personne ne m'a jamais rien dit t Nobody has 
ever said anything to me. 

9. Ne is used alone and without any negative 
meaning : (a) After verbs and other expressions 
indicating fear : Je crains que vous ne perdicz votre 
argent , 1 fear you will lose your money, (ft) After 
que , “ than,” in comparisons of sujjcnority or 
inferiority having a verb for their second term : 
Vous ktrivez mieux que vous nc parlez , You write 
better than you speak, (c) After a moins que , 
“unless”: J'irai me promener , d 7 no in s qu'il ne 
fosse tnauvais temps , I shall go for a walk unless it 
is bad weather. 

Special Remarks. 1. A u/jaravant and avant 
both mean “ before ” (of time) ; but aupiramnt 
being an adverb has no complement, whilst avant , 
which is a preposition, requires one : Nous lui 
nvions dhjd ecrit quel q ties snots aupnramnt , Wo had 
already written to him a few months before ; Je 
le verrai avant vous y I shall sec him Indore you. 

2. Davantagc and plus both mean “more,” but 
davantage must not be followed by que nor by di. 
It therefore stands only at the end of a sentence : 
Vous avez de F argent, main il en a davantage , 
You have money, but he lias more. 

3. Dessus, “ on, over ” ; dessous , “ under, under- 
neath”; dedans, “within, in”; dehors , “without, 
out,” which are adverbs and take no complement, 
are to be carefully distinguished from the corre- 
sponding pre}K>sitions sur , sous , dans, hors , which 
require complements. These adverbs are fre- 
quently used instead of a preposition and a pronoun 
referring to an inanimate object : Nous ouvrimes 
la hoite, mats il n'y avait rien dedans , We opened 
the box, but there was nothing in it. 

4. Plus tot and plutot both mean “ sooner,” but 

plus t6t refers to priority of time, whilst plutot indi- 
cates preference : 11 est revenu jjIus tot que je ne 

troyais , He has come back sooner than l thought ; 
Donnez-nous la mort plutot que Vesclavage , Give 
us death rather than slavery. 

£>. Au moins and du moins both mean “ at least,” 
but au moins indicates a minimum, whilst du moms 
corrects or limits a former statement: Cc voyage 
tHM8 codtera au moins mUle francs , du moins c' est 
ce qn'il m'a couth Fannie derniere, That journey 
will cost you at least forty pounds— at least, that is 
what it cost me last year. 

PREPOSITIONS 

1. Prepositions, with the single execution of en, 
require verbs that follow them to be in the infinitive. 
After en the verb must be in the present participle : 
En voyant son pirc il se mil d pleurtr , On seeing 
bis father he began weeping. 
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2. The prepositions d, de, and en must be Repeated 
before each complement: lldut la vie d la clemence 
et d la magnanimith du vainqueur, He owed hii 
life to the clemency and the magnanimity of the 
victor. 

3. Other prepositions are usually repeated when 
the complements are opposed to each other in 
meaning : Dans la ville et dans la comply ne, in 
town and country. 

f. The prepositions j usque, as far as ; aUenant , 
adjoining ; par rapport , with regard to ; quant, as 
‘to, require the preposition d after them : 11 nous a 

accompagnes jusqu d Londres, Ho accompanied us 
as far as London. 

But when j usque is construed with om, id. Id, dans, 
and chez it does not take d as well : ll nous a 
accompagnts j usque chez nous , He accompanied us 
as far as our house. 

5. The proposition de is required after nuprh , near; 
a utour, around: loin, far ; pres, near ; and proche, 
dose, /is well as after prepositional phrases, including 
a noun, as d fores, by dmt : lls demeurent pres de 
Feglisr , They live near the church. 

ft. A unit (before) requires no preposition before a 
noun or pronoun, but takes de before a verb : 
Viendrtz-vms nous voir avant de jxirtir ? Will 
you come and see us before leaving ? 

7. When helping to form compound words, the 
preposition d conveys the idea of fitness, agency, 
peculiarity : l J n bateau a mpeur, a steamboat. 

8. The preposition de is joined to a noun of 
material to form a qualifying phrase : Vn chapeau 
de piffle , a straw hat. 

9. The preposition de is used after plus and 
moins to express “than” before a numeral: Vous 
avez ]dm de dix jautes, You have more than ten 
mistakes. 

10. The proposition de is used before plus and 
moins to express “ more ” and “ less,” when those 
words follow a numeral with a noun expressed or 
understood: Vous-avez dotizc f antes \ Hen a deux 
de moins , You have twelve mistakes; he has two 
less. 

11 The preposition de is used for “by” in 
expressions indicating excess or difference : Vous 
le depassez de toute la tete. You are taller than 
he (exceed him) by a whole head. 

12. The preposition de is used for “ with ” after 

verbs and adjectives expressing plenty, want, pro- 
viding, depriving, ete. : 11 s'etait rempli les poches 

de petite caffloux, He had filled his pocket with 
little jiebblcs. 

13. When a cardinal number is preceded by en, 
fhe adjective or past participle that follows that 
numeral usually takes de : Sur cent habitants , il y . 
en a deux de rich % Out of a hundred inhabitants 
there are two rich. 

14. When the verb “ to be ” has an infinitive 
coming after it for its logical subject that infinitive 
takes de or que de befoic it : (Test null de (or que 
de) purler comme ala , It is wrong to speak so. 

15. Au infinitive following “ than ” takes de be- 
fore it: ll mourrait plutAt que de trahir sa patric. 
He would die rather than betray his country. 

Iff. When a noun or an adjective used substan- 
tively serves ns an epithet to qualify another noun, 
de, meaning “ of a, ” is put before the qualified noun : 
Un dale d'individu, a queer fellow. 

17. The essential difference between en and dans 
is that en is only exceptionally used with the definite 
article le, la, les, whilst dans always requires it. 
Tonsoquently nouns following en have usually an 
indeterminate meaning : On l'a menh en prison, J 
He has been taken to prison; On lui a permis 
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d'entrer dans la prison , He wag allowed to enter 
the prison. 

7 18. En frequently means “ in the character 

of/* “like”: Vous parlez en eoldat; je dots agir 
en rot, You speak &b a soldier; I must act as 
a king. 

19. In expressions of time there is a great differ- 
ence between en and dans. En indicates “ time, 
how long,” whilst dans indicates “ point of time 
when ” : Je ferai cet ouvrage en deux jours , I shall 
take two days to do that work ; Je ferai ce tramil 
dans deux jours , I shall begin doing that work two 
days from now. 

20. En is used in connection with all the seasons 
except spring, which takes an : 11 fait mains chaud 
au printemps qu' en ete, It is less warm in spring 
than in summer. 

21 . A travers and au travers both mean “ through,” 
but d travers means “ through ” in the sense of 
“ across ” ; whilst au travers , which is always fol- 
lowed by de, rather means “right through,” and 
implies a greater effort : Nous cour times d travers les 
champs , We ran through the fields ; 11 se fraya un 
passage au travers de la hate, He forced his way 
through the hedge. 

22. Vers and envers both mean “ towards ” ; 
but vers refers to direction, whilst envers is used 
figuratively, in connection with feeling, sentiment, 
etc. : Le premier moment de la vie est la premier pas 
vers la uiort, The first moment of life is the first step 
towards death ; 11 s' est montre ingrat envers ses him - 
faiteurs , He showed himself ungrateful towards his 
benefactors. 

CONJUNCTIONS 

1. The conjunction ni, “ neither,” may be either 
used or omitted before the first of several 
subjects : Le soled ni la mort ne se peuvent regarder 
fixement > Neither the sun nor death can be 
steadfastly gazed at ; Ni V or ni la grandeur ne 
nous rendent heureux. Neither gold nor greatness 
makes us happy. 

2. The conjunction ni may be usod to avoid the 
repetition of sans, “ without” ; Sans crainte ni 
pudeur, or sans crainte ct sans pudeur , without 
fear or shame. 

3. The English expressions “ nor . . . either” 

“ not . . . either,” are to bo translated by ni 

. . . non plus, ne pas non plus : Je 

ne le eonnais pas, ni clle non plus, I do not 
know him nor her either : Je ne lui hris yxis, et U 
ne VfCecrit pas non plus, I do not write to him, and 
he does not write to me either. 

4. The expression “ cither . . . or ” may lie 

expressed cither by using on before each term, or 
omitting it before the first : Le ciel it est ouvert oil 
qn'aux innocents ou qu'anx penitents. Heaven is 
open either to the innocent only, or the penitent 
only ; Le honkeur ou la tkmerite ont pu fairt des 
hbos. Either good fortune or rashness may have 
produced heroes. 

5. Soil and soit que both mean “ whether,” but soil 
precedes a noun, whilst soit que is followed by a verb. 
Both of them may be repeated before each term, 
or replaced by ou or ou que before the second : La 
fortune, soit bonne ou mauvaise, soit passagere 
ou constant e, ne peut rien snr Vdme du sage. Fortune, 
whether good or bad, whether fleeting or constant, 
has no power on the soul of the wise man. 


6. The conjunction que may be used to prevent, 
the repetition of either comme, as ; quand, \ when ; or 
si, if. When replacing the last of these, it requires 
ths verb that follows it to be in the subjunotive : 
Comme nous Pavons dfyd dit et que nous leiwtrons 
plus clairement aUleurs , As we have already said, 
and as we shall see more clearly elsewhere ; Quand 
on est jeune et qu'on se porte hien on devrait aimer les 
exercices du corps , When wo are young, and are in 
good health we ought to like bodily exercise ; Si 
vous le rencontrez et que vous lui parties , faitesdui 
mes amities. If you meet him and speak to him, 
give him my kind regards. 

7. Que may be used instead of afm que, in order 
that ; sans que , but that ; (orsque, when ; depvis 
que, since ; de peur que, lest : and avant que, until : 
Approchez que je. vous parle. Draw near, that I 
may speak to you ; Je nirai pas me coucher que 
ma besogne ne soit finie, I shall not go to bed until 
my tusk is ready. 

8. When, however, que takes the place of a 
conjunction which does not itself require the 
subjunctive (except the conjunction ai), it is not 
followed by the subjunctive: Je le ferai quand je 
serai revenu et que j’aurai le temps, I shall do it 
when I have returned and have the time. 

Translation 

Bonnes Resolutions ” 

»Si je me 16ve tard ct que je traine tout le jour, 
jc coinmonoerai a peine mon ouvrage a la nuit ; 
main je me eoueherai tot, jo me leverai tot, et 
j’obtiendrai par ce moyen, sant£, richesse et sagesse. 
Je m’cfforeerai d’etre laborieux, afm que je n’aie 
jamais a craindrc la disette (want). 11 n’est pas 
nccessaire que je trouve un tresor, ni qu’il m’arrive 
un riche heritage : mon activite me suffira. Je 
travaillerai des aujoutd’hui, car je ne sais pas si 
je n’en serai pas empoche domain. Je rougirai 
do ne rien faire, alors que j’ai tant iifairc pour moi- 
mcme, pour ma famille, pour mon pays. Je pren- 
drai mes outils sans mitaines et jo me souviendrai 
que chat gante no prend pas de souris. Peut-etre 
me sentirai-jc parfois 1c bras trop faible ; mais je 
tiondrai ferine ct je triompheraidetous les obstacles. 
J’emploierai bicn mon temps, parce quo jc veux 
gagner du loisir et comme jc ne suis pas stir d’une 
minute, je ne perdrai pas unc heure. 

Kev to Translation 
Good Resolutions 

If I get up late and dawdle (drag) all day, I shall 
hardly begin my work at night; but, I shall 
go to bed early, I shall get up early, and I shall 
obtain by that means health, wealth, and wisdom. 

I shall strive to be industrious, so that I may never 
have to fear want. It is not necessary that I should 
find a treasure, nor that a rich legacy should come 
to me ; my activity will suffice me. I shall work 
from this very day, for I do not know whether I 
shall not be prevented from (doing) it to-morrow. 

I shall blush to do nothing when I nave so much to 
do for myself, for my family, for my country. I 
shall take up my tools without mittens, and I shall 
reinember that a gloved cat catches no mice. Per- 
haps I shall sometimes feel my arm too weak ; but 
I snail hold fast, and I shall triumph over all ob- 
stacles. I shall make good use of my time, because 
I wish to win leisure, and as I am not sure of a 
minute I shall not lose an hour. 


French concluded 



SPANISH 

c 7Eti*r By Amalia de Alberti & H. S. Duncan 


COMMERCIAL CORRESPONDENCE 

Id Spanish commercial letters the name and 
address of the recipient is placed at the head of the 
letter. The usual beginning is “ Muy Seiior mio,” 
equivalent to “Sir,” or “Dear Sir ^ ’ ; or “Muy 
Seftores mios,” equivalent to “ Dear Sirs ” or 
“ Gentlemen.” If the letter is written in the plural, 
as from a firm, not from an individual, the beginning 
is “Muy Soft or nuestro,” or “Muy Seftores 
nuestros. 

The closing phrases of elaborate politeness have 
become, as in ordinary correspondence, a mere 
matter of form, and are nearly always abbreviated 
to the initial letters of each word. Examples : 

“ Su segura servidor que sumanobesa ,” abbrevi- 
ated to S.S. q. s. m. b., equivalent to “ Your 
obedient servant.” 

“ Somos de V. atentos seguros servidores que 
m mano besa,” abbreviated to at. S.S. q. s. m. b., 
equivalent to “ We are yours faithfully.” 

The abbreviations need not necessarily be capitals. 
The q. s. m. b. (who kisses your hand) is sometimes 
plr ed after the signature. Many abbreviations 
ar allowable, as may be seen in the following 
lei ters. 

Commercial Vocabulary 

[For other terms see Commercial Phraseology 
and Vocabulary, pages 5515-6. j 
Account, cuenta 
On account, d counta 
Advice, aviso 
Address, sc has 

Advertisement, anuncio, aviso 

Agreement, convenio , contrato 

Allowance, abono, compensation 

Assets, activo, balance 

Audit, balance de cuentas 

Auditor, auditor, revisor 

Balance, balance , soldo 

Bank post bills, giros al portador 

Bank rate, tasa del banco 

Bill of lading, conocimiento de embarqnc 

Bill of exchange, letra de cambio 

Bill broker, corredor de cambios 

To draw a bill, girar vna letra 

Brokerage, corretage, 

Buyer, comprador 

Bankrupt, insolvents , qnebrado 

Cash account, cuenta de caja 

Chartered accountant, per it o mercantil 

Clearance, despacho 

Customs tariff, arancM admnero 

Demand draft, letra d la vista 

Demurrage, estadias 

Discount, descuento 

Dock dues, derechos de dique 

Dry goods* gentros de pano 

Deposit (payment on account), serial 

Endorsement, endoso 

Estimate, presupuesto 

Excise, sisa 

Failure, quiebra 

Firm, razon social, casa 

Goodwill, traspaso (de tienda 6 parroqnuinos) 
Gross weight, peso brulo 
Guarantor, garante, fiador 
Instalment, plazo 

' Joint-stock company, sociedad por acetones 
Leakage, merma 
Liabilities, pasivo 


Lighterage, gabarraje 

Limited liability company, sociedad annonima 

Mail, correo , mala 

Market price, preeio del mercado 

Money order, giro mutuo 

Paper currency, jxipel moneda 

Power of attorney, podcr 

Quotation, cotizacion 

Receipt, recibo 

Retail, venta al pormenor 

Security, seguridad, garantia 

Shareholders, acr io nistns 

Sinking funds, fondos de amortizacion 

Standard, tipo 

Stock-jobber, agiotador 

Stock-taking, • inventor io 

Voucher, comprobante 

Tender, oferta 

Trustee, administrador 

Underwriter, undersigned, asegurador, infra- 
scrito 

Wholesale, venta al por mayor 
The following abbreviations are constantly used : 
dfc, d cuenta , on account 
d/f, d favor , favour of 
d/v, d la vista , at sight 
r/c, cuenta corriente t account, current 
d/f , dias fee ha, day's date 
dfv, dias vista , day’s sight 
fha., fecha, date 
m/c, mi cuenta. my account 
ppdo., proximo pasado, last, month 
Rs., reales, reals (Spanish coin) 
s/c, su cuenta, your account 
S. E. U. 0., sal error u ornision , errors or 
omissions excepted 

Commercial Letters 

Circular. London, Circular. Londres, 

1 December, 1905. 1 Diciembre, 1905. 

Messrs. A.B.C. Sres. A.B.C. 

Gentlemen, Muy sres mios, 

I have the pleasure of Tengo el gusto de par- 
informing you that I ticipar a Vds quo con 
have this day started esta foehn y bajo la 
business as a commission razon social de “John 
and consignment agent Brown,” he . establecido 
under the style and title eii esta ciudad una 
of “ John Brown.” casa de comisiones y 

consignaciones. 

An adequate capital, Un capital adecuado y 
and wide oxfierienee in una larga experiencia en 
buying and selling articles la compra y venta de arti- 
in demand here, and those culos que se consumcn en 
exported hence, enable esa y de todos los que de 
me to offer you such ahi so exportan, me 
(roods upon the most ad- colooan cn posicion de 
vantageous terms oh- ofrecer a Vd todas las 
tamable, and encourage ventajas ohtenibles en 
me to hope for the favour estos mcrcados y me 
of vour esteemed orders, hace esperanzar que se 
dignaran Vds favore- 
Kindly note my signa- cermo con bus ordenes. 
ture at the foot hereof. Suplico 4, Vds so sir- 
van tornar nola do mi 
1 beg to remain, firmaal pidde la presente. 

Your obedient servant, Tengo cl gusto de 
John Brown. susoribirme de Vds atto. 

S.S. q.s.m.b. 

John Brown. 
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Seville, 

10 December, 1905. 
Sefior Don John Brown, 
London. 

Dear Sir, 

We are in receipt of the 
circular dated the 1st 
inst. which you kindly 
sent us. 

Although at present 
our business with Eng- 
land is not very extensive, 
we shall be pleased to 
enter into relations with 
the firm you have just 
established, and as a bc- 

inning request you to 

uy on our account and 
send by the first steamer 
bound for this place : 

20 bags of Ceylon cin- 
namon, 

20 bags of pepper, and 
10 bags of Zanzibar cloves, 
all upon the most ad- 
vantageous terms as to 
price and quality. 

For the amount of the 
invoice we authorise you 
to draw on us at three 
months 1 date, with the 
assurance that we shall 
honour same on presen- 
tation. 

We remain. 

Your obedient servants, 
A.B.C. 

London, 

28 December, 1905. 
Messrs. A.B.C., 

Seville. 

Gentlemen, 

I have duly received 
your esteemed favour of 
the 10th inst. containing 
your order for — 

20 bags of Ceylon cin- 
anmon 

20 bags of pepper, and 
10 bags of Zanzibar 
cloves, 

and I beg to thank you 
for this first order and 
to inform you that I 
have effected the pur- 
chase and shipped the 
said goods per steamer 
“ Volasquez,* which left 
yesterday for Seville. 

I enclose the bill of lad- 
ing, certificate of origin, 
and the invoice, which 
amounts to £. 

In accordance with 
your instructions I have 
to-day drawn for said 
amount on your good 


Sevilla, 

10 Diciembre, 1905. 
Sefior Don John Brown, 
Londres. 

Muy Sor nuestro : 

Hemos recibido la cir- 
cular que con fecha 1° del 
actual se ha servido Vd 
dirigirnos. 

Aunque nuestros ne- 
gocios con Inglaterra no 
son hoy de grande im- 
portancia, nos sera grato. 
entrar en relaciones con 
la casa quo acaba Vd 
de establecer y como 
primera opcracion, lc sup- 
licamos compre por 
n ucs tea cuenta y nos 
remita en el primer vapor 
que saiga cOn cste destino: 
20 churlas canela Ceilan, 
20 sacos pimienta, y 
10 sacos clavillos de Zan- 
zibar, 

cuya compra se servira 
efectuar en los inejores 
condiciones en cun n to 
d precios y calidad. 

Por el importe de la 
factura, le autorizumos 
ft ^irar a nuestro cargo 
y a 3 mescs fecha, en la 
seguridad de nuestra 
buena acogida a su pre- 
sentacion. 

Quedamos de Vd attos. 

S.S. q.s.m.b. 

A.B.C. 

Londres, 

28 Diciembre, 1905. 
Sres A.B.C. , 

Sevilla. 

Muy Sres mios: 

En su dia fui favore- 
cido por su apb le del 
10 del actual en la que 
sc sfrvidron Vds pedirme 
20 churlas cancla (Vi Ian 
20 sacos pimienta, y 
10 sacos clavillos de Zan- 
zibar, 

doy a Vds las mas 
expresivas gracias por 
este primer pedido y me 
cs grato participates que 
liaDiendo cfectuado la 
compra he logrado cm- 
barcar dichos ofectos en el 
vapor “ Velazquez ” que 
salid ayer para Sevilla. 

Incluyo el conoci- 
miento de em bar que, cer- 
tificado de origen, y fac- 
tura corrcspondiente quo 
asoiende a £. 

De acuerdo con su 
autorizacion he girado 
con esta fecha k cargo do 
Vds y orden propia por 


selves to my own order, 
which draft kindly honour 
on presentation. 

I sincerely hope that 
you will find the result 
of this first transaction 
satisfactory, and that 
you will continue to 
favour mo with further 
orders. 

I remain. 

Your obedient servant, 
John Brown. 

Malaga, 190 . 
Mr. John Brown, 

Ixmdon. 

Dear Sir, 

Our mutual friends, 
Messrs. A.B.C., of Seville, 
have kindly given me 
the name of your es- 
teemed firm. I have 
been for some time 
interested in developing 
certain mines of Jirnonite 
iron ore of excellent 
quality which I possess 
in this province, and as 
I shall shortly be able to 
dispose of 4,000 tons a 
month, T wish to arrnngo 
with some well-known 
firm in England to con- 
tract with the leading 
founders of that country 
for the aforesaid quantity 
of mineral. 

In order that the qual- 
ity of my mineral may 
be appreciated there, I 
have sent 2 cwt. per 
“ Pelayo,” which has just 
left for London, which 
I consider a sufficient 
quantity to enable you 
to form an opinion of its 
good quality. 

There is no objection, 
to your having the sam- 
ples I am sending ana- 
lysed at my expense, as 
I am sure that the result 
will be the same as that 
obtained here. 

The commission I am 
disposed to offer you is 
3d. ( t h r e e p ence) j>er 

ton, upon the express 
condition that all bene- 
fits accruing from the 
charter parties shall be 
for my account. 

Hoping to hear from 
you on this matter short- 
ly, 

I beg to remain, 
Yours, io. 


la citada sujna ouyo 
giro suplico a Vds se 
sirvan nonrar k su pre- 
. sentacion. 

Mucho celebrare qus 
queden Vds satisfechoe 
del resultado de esta 
primera operacion y 
que continuen fayore 
ciendome con sus nuwos 
pedidos. *' 

Me repito do Vd at. 
S.S. q.B.m.b. 

John Brown. 

Malaga, 190 . 
Sor Don John Brown, 
Londres. 
Muy sor mio, 

Nuestros niutuos amigos 
los Sres A.B.C. de Sevilla, 
han tenido la amabilidad 
de facilitarme el nombre 
do su rcsjjetable casa. 
Dcsde hace algun tiempo 
me ocupo de trabajar y 
desarrollar unas minas de 
hierro limonete de ex- 
celente calidad que poseo 
en esta provincia, y 
como dentro de poco 
tiempo podre disponer 
de unas 4,000 toncladas 
mensuales, desearia en- 
tenderme con unn casa 
de conoeida reputacionen 
esa para hacer contratos 
con los fundidores mas 
importantes do ese pais 
por la referida cantidad 
de mineral. 

Para que on esa puedan 
apreciar la calidad do 
mi mineral, por el vapor 
“ Pelayo ” que acaba de 
zarpar para Londres, le 
remito 2 quinta les cuya 
cantidad considcro sea 
suficicnle para quo pueda 
Vd formar juicio do lo 
bueno del mineral. 

No bay inconveniente 
en que por mi cuenta 
haga Vd analizar las 
muestras quo hoy le 
mando en la seguridad 
quo id resultado habrA 
de ser fgual al obtenido 
en esta. 

La comision que estoy 
dispuesto dconceder & Vd, 
es do 3d (tres peniques) 
por tonelada con la con- 
dicion expresa que todas 
las ventajas que se obten- 
gan en los contratos de 
fietamentos serdn para mi. 

Aguardando reoibir 
pronto sus notioias sobre 
este particular, me es 
grato ofrecerme de Vd 
at SfS. q.s.m.b. 


Continued 
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By Harald Clegg 


Verbs (Imperative Mood) 

The Imperative Mood of the 
verb is formed by adding u 
to the root word. 

Examples : Resin lie, Jcaj 
aaskultu min , Stay there and 
listen to me ; Mi mortu se tio 
estus vera, May I die if that be 
true ; Venn unu, venu Huj, 
mi timas neniun. Come one, come 
all, I fear nobody. 

In addressing the second person 
(vi, ci), the pronoun, as in Eng- 
lish, is generally omitted, but it 
may be inserted if preferred : 
Vi foriru , Co (you) away. 

It may often be found necessary 
to use this mood in a subordinate 
sentence subjoined to the main 
sentence by the conjunction Ice, 
but care must be taken to show 
clear distinction in making choice 
between this mood, which nas only 
reference to purpose or end to be 
attained , and one of the tenses. 

The verbs which may lead to the 
\ise of the imperative in a subordi 
nate sentence arc : Deziri , peti, 
volt, ordoni (to order), meriti (to 
merit), esli nece.se, konsenti , per- 
me si, bezoni, malpermesi , and any 
others which, in a similar degree, 
possess a certain imperative sense 
or intention. 

Por ke is always followed by the 
imperative mood because the ex- 
pression leads up to the idea of 
something being necessary or 
wanted. 

It will be convenient if a few 
examples are given to show how 
selection between this mood and 
a tense is arrived at in subordinate 
sentences : 

Vi meritas , kc oni vergn vin. 
Translated, this means, “ You 
deserve to be whipped,” or, ” You 
deserve that one do whip you.” 
Here, in the word vergu, there is 
no consideration whatever as to 
time ; there is simply an exhibi- 
tion of the purpose contained in 
the verb meritas. But let us sup- 
se that when the words are 
ing spoken the whipping has 
taken place, is taking place, or will 
take place, then the imperative (or 
ordona) mood has no reference to 
the circumstances, and must be 
replaced by the tenses as follows : 

Ft meritas, he oni vergis vin, 
(literally) You deserve that you 
have been whipped ; Ft meritas , 
ke oni vergas vin , (literally) 
You deserve that you are being 
i whipped; Ft meritas , ke oni 
1 vergoe vin, (literally) You deserve 
that you are going to be whipped. 


Suffixes 

EG denotes enlargement or 
intensity of degree. 

Examples : Oranda , great ; 
grandega, immense ; lerii, to cry ; 
kriegi, to yell. 

AR denotes a collection of 
objects. 

Examples: Homo, man; la 
homaro, humanity ; bovo, ox ; 
bovaro, herd of oxen. 

AN denotes a partisan, mem- 
ber or inhabitant. 

Example : Vilatfo, village ; 

vilatfano, villager ; lcortego, court ; 
kortegano , courtier. 

ER denotes one object of a 
collection : 

Examples : Mono, money ; 

monero, coin ; akvo, water ; 
akvero , drop of water. 

Vocabulary 

avar', covetous, konfid', confide, 
avaricious trust 
bord', shore, konfuz confuse 
bank konserv', pre- 

brane ', branch serve 
eerk ', coffin korp', body 
dolor', pain, kret', chalk 
ache krim\ crime 

domatf , pity (s. ) kron', crown 
dung', hire (ser- log', entice 
vant, etc.) mars, march, 
efektiv', real, go 

actual mus', fly (insect) 

eta{}', stage, odor', odour, 
story smell 

evil', avoid jxik', pack 
fair', mow, cut penlr', paint 
jet', hide, fleece pel', beg, ask for 
fer', iron pirujl', pin 

fond', start, plafon', ceiling 
found plank', floor 

fork', fork ponl', bridge 

glut', swallow port', carry, 
gut', drop, drip wear 
fiani', skin pretf, pray 
hemi', chemical pres', print 
hor', chorus radik', root 
insekt', insect ramp', crawl 
lcapr', goat rekt', straight 
karb', coal ricev', receive 
kolekt', collect 

Exercise XV. 

Allow me to pass, 1 beg! What 
a pity that you did not rapture 
the criminal ! Let all good citi- 
zens meet me here to-morrow in 
order that we may together carry 
our request to the king. Large 
drops of water began to fall from 
the ceiling. Go straight until you 
reach the forest, and be careful to 
avoid all roads which conduct left 
and right. The thought of that 


miserable miser causes mo mtich 
pain. Receive, sir, my most hearty 
thanks. Look at that swarm of 
insects. Lot there be peace in the 
world and everlasting goodwill in 
men’s hearts. So bo it! Twelve 
years ago I founded this group, 
and now the membership numbers 
three hundred and fifteen. Good, 
my friend, 1 congratulate you! 
May you always succeed as for- 
merly ! How sweet those flowers 
smell ! A spark may causo a great 
fire. Although I do not actually 
know anything bad about that 
person, I nevertheless distrust him, 
nut prefer to preserve my own 
opinion about him for the present. 
Here is a club member who collects 
coins. It is necessary for you to 
learn by heart the whole collection 
of roots in these vocabularies. The 
fly crawled over the goal's body. 
Collect the pins and pack them 
in the little box. 

Key to Exercise XIII. 

The rich man eats and lives well, 
but the poor man merely exists* 
Step by step meu always go for- 
ward, in spite of evciything which 
stands against thetn. The cripple 
wanted to swim actfOss the lake, 
but in the middle he perishfed, and 
went to the bottom. At jny desire, 
my uncle- in-law lent mef the chest, 
and all the articles which it con- 
tained, except the silver spoons 
and the razors. The swallow 
rapidly flew past the river. Do 
you recollect the date when, hap- 
pily, peace at last occurred V We 
ought to bless and imitate the good 
man. He nailed the lid on the 
box before he put the cups in. 
The shortsighted one grumbled 
with me because 1 wrote very small 
figures. One should honour and 
obey one’s father and mother. I 
do not, for certain, remember the 
date of the letter, but I believe that 
the complainant wrote it about 
the fifth of the present month. He 
leaned himself on my arm and 
began to groan. 1 do not yet know 
exactly how much 1 possess in iny 
pocket. Men everlastingly fight 
one against the other, and only 
the strong survive. What is the 
difference between this article and 
that ? There is none. He had 
already quitted the town before I 
lived there. While I was feeding 
the pigs the poor man passed by 
and attentively watched them. 
Instead of speaking, sho stood 
there with pale lips as though 
dumb. Whether I will allow that, 
de|>ends on his precise desire, but 
in the meanwhile yo» must work 
diligently and have patience. 
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Key to Exercise XIV. 

1. Li iris en sian kontoroii, kaj 
skribia sian nomon sur la kam- 
bion. Si ripetis sian rakonton al 
la kompata princino, kiu pro- 
mesis zorgi pri Sia infano. Kia 
estas lia metio ? Sur tiu granda 
kverko estas nesteto, kies en- 
havon vi certe satus Ateli. Lau 
mia opinio, vi devus tuj respondi 
al la plej gravaj punk to j de lia 
letero. Kiom suldas al vi lia 
filo ? La regimento marsis sur 
la marcon, kaj preskau ciuj 


soldatoj pereis. 6u la nova 
membrino satas kremon au 
lakton en sia teo ? Tre malzorge 
li renversis la korbon, kiu estis 
plena je piroj. Kiu estas tie ? 

2. What beautiful lace ! As 
you behaved so shamefully to-day 
you will not have the reward 
which I promised to you. The bee 
flies humming over the fields. The 
habits of these people are very 
shameful. What is your opinion 
as to my attempt ? At early morn 
the dew lies on the petals of the 
roses. He pressed my hand, sadly 

Continued 


said “ Good-bye!” and disappeared 
from my sight for ever. Behind the 
curtains the prince, with all his, 
diamonds, hid himself. In those 
circumstances I much regret that 
I shall not be able to buy your 
steel.. They then commenced to 
speak very loudly and angrily; 
later, they menaced me and gave 
me a push, and finally they 
attempted to throw me out of 
the room. The hare runs very 
fast, especially when a wolf is 
behind. HoW majestic is that 
great fir ! 


GREEK By G. K. Hibbert, M.A. 


SECTION I. VERBS 

There are three Voices in Greek — Active, 
Middle, and Passive. The middle voice is 
primarily reflexive and represents the subject 
as acting upon himself or for his own benefit, 
or in some manner which concerns himself. 
Sometimes, however, there is no difference of 
meaning between the middle and the active. 
The passive is conjugated like the middle, 
except in two tenses, future and aorist. 

The Moods are five — Indicative, Subjunctive, 
Optative, Imperative, and Infinitive (with Par- 
ticiples). These are used much as in English 
or in Latin, with the exception of the optative, 
the use of which will be explained later. 

The Tenses are seven — Present, Imperfect, 
Perfect, Pluperfect, Aorist, Future, and Future 
Perfect. Of these the imperfect and pluper- 
fect are found only in the indicative, and the 
future and future perfect are wanting in the 
subjunctive and imperative. 

Many verbs have a second or strong aorist (all 
voices), and a second or strong perfect (active), 
while some have a second future in the passive. 
Very few verbs have both forms in any tense, 
and when this does occur the two forms 
generally differ in meaning. 

The Numbers are three — Singular, Dual, and 
Plural ; and the Persons are three, except in the 
imperative, where there are only second and 
third persons. The first person dual is the same 
as the first person plural, and being very rarely 
used is usually omitted in the schemes or para- 
digms of verbs. 

The 'principal parts of a Greek verb are the 
first person singular, present, future, aorist, and 
perfect indicative active ; the perfect and aorist 
indicative passivo ; and the second aorist (when 
it occurs). From these parts we can form all 
the other tenses of the verb — e.g. f the principal 
parts of Xtfw are Xvu, Xv<rw, ?Xv<ra, XtXv/ca (active) ; 
\4\vpai and AMi?*' (passive). 

There are two principal forms of conjugation 
of Greek verbs, that of verbs ending in w and 
that of verbs ending in /u. Of these the former 
constitute by far the larger class. Examples of 
.verj^Sj in w arc SlSw/uu, I give; r/%«, 1 put; 
Wrtyii/I ; set* 


Model of Regular Greek Verb in w 

Xi'/w, I loose 
Active Voice 

[For Indicative Mood see pages 5520, 5057 ami 5808] 

Subjunctive Mood 




Present 


Aorist 

Perfect (rare) 

1. 


XvO) 

Xi'/ou) 


XeXvKW 

2 


Xi ifys 

XviJTfS 

XeXi>Kys 

3. 


Xvrj 

Xvffrj 


XcXi'Kri 

2. 


XVTfTOV 

Xvorjrop 

XeXvKrfTOP 

3. 


Xvrjrov 

XvcrrjTOP 

XeXvkrjrop 

1. 


Xvwfiep 

• Xuau/mep 

XeXvkU)/j.ep 

2. 


XvTJTt 

Xv<T1JT€ 

XtXvk’qre 

3. 


Xvtocri 

Xwwai 

XeXvKuxn 




Optative Mood 




Present 


Aorist 

Perfect (rare) 

1. 


\voifju 

Xi'<rai/bu 

XeXvKoifju 

2. 


Xvois 

Xroaii. Xvoeias 

XeXvKois 

3. 


XVOL 

Xvtrai 

, Xvcete 

XeXi jkoi 

2. 


Xvoltop 

Xvoairop 

XtXl'iKOlTOV 

3. 


XvOLTTJP 

Xvoairrjp 

XeXvKoiTrjp 

1. 


\vot/j.f.v 

Xfoai/mep 

XeXvKoifiep 

2. 


X voire 

X ’'-era ire 

XeXvKoire 

:3. 


Xvoitp 

Xvoaiev, Xvcrciap XeXukOiep 


The 

Future 

Optative XiW/u 

is conjugated 

similarly to Xvoi/lu. 






Imperative Mood 




Present 


Aorist 

Perfect (rare) 

2. 


Xve 

Xvo ov 

XtXvKe 

3. 


Xvircj 

Xvtrdru) 

XAn/cerw 

2. 


Xverop 

Xvoarov 

XeXvKerop 

3. 


Xvtrojp 

V XTOLTWP 

XeXvK^ruyp 

2. 


Xvere 

Xvo are 

XeXvKere 

3! 


Xvtroxrav 

Xvodrojcrap 

XeXvKtruxrap 



or Xvdvricv or Xvcrdvrwv 





Infinitive Mood 



Present Future 

Aorist 

Perfect 


XikiP XOactp 

XiVai 

XeXvKipat 




Participles 




Present 


Future 

XiW 

Xi/owa 

Xvov 

Xvoiav Xvtrowra Xvcror 



Aorist 


:■ 

Perfect 

XiVay 

XOtracra 

Xvoap | 

| XeXvK&s XeXvKvia XeXvKOt 






Note. The participles are thus declined : 


k 

fom., Voc. Xi W 

Singular 

Xi>ou<ra 

Xvov 

tee. 

Xtjovr a 

Xrioi'<rav 

XOov 

tfok 

XtfoKTOf 

Xi'oi foqt 

Xvovrot 

pat. 

XilOVTl 

Xvodari 

Xvovti 

K V..A. 
?en., Dot. 

Xl 'fOVTf 

Lhlal 

Xvovcra 

Xvovre 

Xvovtoiv 

Xvoi'catv 

XvSvtoip 

tVow., Voc. 

Xvovres 

Plural 

Xuovcrai 

Xvovra 

Acc. 

Xvovras 

Xvoucras 

XvOVTd 

Gen . 

Xvdvruv 

Xvovawv 

Xvovtujv 

1 Dot. 

X 60 VOI 

Xvot'xrats 

Xvovffi 


All participles in uv — as Xixruv — are declined 
jlike XiW. 

Participles in as— as XiVas— arc declined 
[like iras [sec page 5056]. 

I Perfect participles in ws are thus declined : 


Singular 


Mom., Voc. XekvK uts 

XeXvKvia 

XtXi>K<S$ 

j Acc. XeXvKdra 

XcXvhviav 

XtXvuds 

Gen. XeXi >k6tos 

XtXvKvias 

XiXv KOTOS 

* Dot. X€Xvk6tI 

f 

\f\vKviq. 

Dual 

X€\vk6ti 

^ } V.,A. XtXvKdre 

XcXvKvla 

XtXvk6re 

1., Dot. XeXi >k6toiv 

XcXvKviaiv 

Plural 

XtXvudroiv 

! • Vow., Voc. \€\vk6t€S 

XeXvKi/iai 

XeXi'K^ra 

Acc. XcXvK&ras 

XeXvKvias 

XtrXvKira 

| *n. XeXi )k6twv 

XeXvKvtCov 

X(XVKOTU) V 

it. XcXvk6<ti 

XeXvKvtais 

XeXvudot 


Middle Voice 

Indicative Mood 


: * resent 

Imperfect 

Future 

Aorist 

Perfect 

Pluperfect 

• vo fiat 

fXvo/jLrjv 

0 

| 

iXv<rd/xrj v XiXv/iai 

(XfXvfxnv 

Am 

iXvov 

XiVei 

iXfow 

XiX i’<rai 

iXiXi <ro 

Xi'erai 

4Xve to 

Xvatrat 

iXvoa to 

XtXi'Tcu 

eXtXvTo 

XvcoOov 

iXvccOov 

X/'<re<r- 

iXvoao- 

\4Xva- 

4\tX ver- 



00V 

6ov 

00V 

0OV 

XvecBov 

iXvtcBijv 

Xvcrtfr - 

iXveraa- 

XtXva- 

eXeXva- 

0 


0ov 

0-qv 

Oov 

0r)v 

Xv6fj.(0 a iXvdfif- 

Xvcrdjxe- 

iXvodfJLe- 

XtXvfxt- 

cX(Xv/i£ m 


0a 

0a * 

0a 

0a 

0a 

XvtcOe 

tX{>ea0€ 

Xvcrc<r0€ 

AiVacrflc XtXvoBe 

eX4Xv( t0€ 

Xuovrai 

iXtiorro 

Xvaovrai tXvcravro XiXvvrai cXiXvvro 


Subjunctive Mood 


Pretent 

Aorist 

Perfect 

Xifut/iai 

Xi^cwfiai 

XeXvp.4vos 

u> 

XJr, 

Xt)<rri 

— 


Xtir/rai , * 

Xi foyTai 

— 

V 

Xt hj<r0ov 

\&ni<r 0 ov 

XeXvpdvu 

IjTOV 

X\hp 0 ov 

XdarjaOov 

— 

fjTOV 

Xvwp.c0a 

XvaAfieda 

XeXv/Urot 

&ixev 

XdrpBc 

Xdcrfc 0 e 

— 

fjre 

Xduvrai 

Xikrwvrat 

— 

uxri 


The perfect is made up of the perfect par- 
ticiple middle of Xtfw and the present sub- 
junctive of clfU. 


UNQUAm^OMKK! 


Optative Mood 


Present 

Aoritt 

Perfect 

XvolfXTfV 

XvcraifXTjv 

XcXvftivos 

(trfp 

X iJoto 

Xdcaio 

— 

ctri* 

Xdoiro 

XvaaiTo 

— 

etrf 

Xikn<r0ov 

Xi)<rato0ov 

XeXvfifvw 

elrjrov 

Xvoic0i}v 

Xvaaladfjv 

— 


XvolfieO a 

XvcalpieBa 

XeXi Jfxtvoi 

ctuguv 

Xi/ot<r0e 

Xifcrat <rOc 

— 

et-ire 

XJoivro 

\\hratvTo 

•— 

etrfcav 


The perfect optative is marie up of the per- 
fect participle middle of Xiw and the optative of 
d/l The dual and plural forms of the latter are 
usually shortened into tlrov, ebriv, e T/tcv, elre, etc?* 
Imperative Mood 

Pretent Aoritt Perfect 

XiJop XtVat XAi wo 

XuiaBw XvcdaOw XcXi )a0o» 

Xi fc<r$ov Xdcaardov X4Xm0ov 

Xv4cr0u>v XvadcrBw XtXdaOuv 

XOecrOe \6<raa0e X4Xv<r0e 

XvtaBuxrav or XvcrdaBuxrav or XeXvorOuxrav or 

XviaBorv XixrdcrBwv XeXuoOwv 

Infinitive Mood 

PreteiU Future Aoritt Perfect 

XvarBat Xi'xreatiai Xtf<ra<r0ai XeXJ<r0ai 

Participle < 

Present Future 

Xvdpevos, - r j, -ov Xva 6 ix^vos t -rj, -qp 

Aorist Per fed 

Xvadfitvos, -rj, -ov XcXv/xfvos, -rj, • ov 

The participles Middle are declined regularly. 

Passive Voice 

Present, Imperfect, Perfect and Pluperfect 
same as Middle. 

Indicative Mood 




ijtli jkiuA itmMm •*•**"** 


Present * 

Imperfect 

future 

Aorist 

perfect 

Pluperfect 

Present 

Imperfect 

Futitre 

Aorist 

Perfect 

Piny#" 4 * 


!> 


Indicative 

Xfa 

tXvov 

X6<ro> 

tXixra 

XiXvxa 

4\$\i)K€Uf 

Xvofxat 

4\v6fj,7) v 

\(><ro/tau 

4\vcr&jjL7)v 

XiXvpcu 

4\€\6fi7)v 


Subjunctive 

X6u> 

XeXi/Kw 

Xvwfxcu 

\6<rtt)/iai 
XeXvp.ipos Co 


» 1 

Perfect I 
Pluperfect ) 
Future 
Aorist 

Future Perfect 


Same as 
Middle 

Xv0i)<ro/icu 

iXMrjp 

Xe\iVo/xai 


Xi'0w 


Aojhvb Voice 

Optative 

XOotpa 

Xt5aot/u 
Xucrai/J,L 

XeXvKoifu 

Middle Voice 

XvolflTJP 

Xvootprjv 
\i Hjalfxriv 

XeXvfiipos € trfv 
Passive Voice 


XvOrj crol/uLTjv 

XvOcItjv 

XeXvOotpLTJP 


Imperative 

XU€ 

XOoOP 

JX^Xl'Kc] 

«♦ * 

# 

Xtiov 

XD<rat 

AAi <to ‘ 


Infinitive 

Xueip 

XJoeiP 

XQcrai 

prXvUifo,t 


Xfa<r&aL 

XC<reo0 ac 
Xt}<rao0cu 

XeXderBai 


’ Partidpt^ 

XJuk 

Xricriov 

Xifcras 

XeXvh&s 


Xvifieros 

Xvobpevos 

Xvcrdptvos 

XeXvjitpos 


XvOrfTi 


Participles 

'V nffyMfe Aorist Future Perfect 

XvQr}iF$fJ€Poi, Xvdtls, #V0€t(ra, Xe\vo6/itros, 

-i -ok tyttv “»?» -o* 

Note. The aorist participle passive is declined 


as follows : 
Norn, 

Acc. 

Gen. 

Dot. 

, N.p V.,A. 
Gen. } Dat. 

Non. 

Acc. 

Gen. 

Dat. 


Singular 

Xv0els XvOetaa XvOtv 

Xvdtpra Xv0e 7<rav Xv&iv 

XvBivros Xv0d<rrjs Xv04vtos 

Xv04pti XvOdoy XvOlvri 

Dual 

Xi'^evre Xi0tloa Xv04ptc 

Xv04ptolp JXyffdcraiv Xv04ptoip 

Plural 

'XvOivret \»'06i<r<u XvOivra 

&y04PTCL5 XvOeloas Xvffivra 

Xv04ptlov Xv0et<ru>p XvOivrcop 

Xi >0(ioi Xv0elcrais Xvddcri 

Paradigms 
The best way of mastering the tenses and 
moods of a Greek verb is to write them out in 
a sohenie, or model, or paradigm (as above), 
putting down only the first person singular of 
the t* ses of tho finite moods. These should 
then bo learnt across, and thoroughly mastered. 
When once they are firmly fixed in the memory, 
it will be easy to recognise any part of a verb 
at once ; and conversely, if one requires, say, 
the aorist imperative passive of Xifw, running" 
along the paradigm for that tense (iXtiSyp, Xv0Cb f 
\v0ehjp, \60yTi), one reaches the desired haven 
\ without much trouble. 

* , SECTION III. TRANSLATION 

** Vocabulary 

4hen> at that time 0oXep6s , turbid „ 
tf. , , both . . . and eta, tf, swift 
* ,{fe always follows its f>ev/xa, -arot, current 
of, peydXot re v #/**, season 
VoXtpol below) rb tros, -ovt, year 
j** jk&tilk Thq next instalment of the Italian c6u: 
^ End ott 



to udiop, aro 
aOpods , rolled 
heaps 
ifyrj, land 
Zpdeptrep, Wl 

av£u y I increase genitfr 

Indian TU\ers 

kai t6te oi TroTafjLOl maKrts oi 'Ivdoi peydXoi re i 
0o\epoi tppcov (imporfect of peco) kai 6jjei r<p b'Vfia 
9)v yap (= for y another connecting particle hi 
and never put first m a sentence) Copa £ro\ 
ravTT} 5e rr/ wpq. {= and at this season) OSarci re 
ovpavov a0p6a ka.Ta<p€pfaTai (verb, = are cariic 
down) is (— ei s) tt)v yijv tt\v ’IkSiktjk, Kal at x i & v 
ai tov Kaj/».a(roi, ivOfvirep t&v toXXwk 7 rora/tWK ( 
TTTjyai aitonuv avrois (“ tlleil) rb 

Xetp.u)vos ( — in w Intel) 5^ 6\tyoi rt ytypovri 
(= they become) kai katiapoi. iduv hat Trepdoipi 
TrdvTts, irXTrjp ye 5tj (two more connective particlei 
ye geneially meaning at least, and dfi Jboin 
almost untranslatable m English) roO IpSoO a< 
Vdyyou 

Key to Tr vnslation [^age 5952] 

1. Death is terrible to the wicked. 2. Th 
just were friendly to the poor. 3. The Greek - 
have not wise leaders. 4. In (the) begifmin 
was the Word, and the Word was wibh’Go(j 
and the Word was God. 5. Xenophon was th* 
general of the Greeks. 6. Blessed are the poo? 
m spirit : because theirs is the kingdom* c| 
heaven (literally : of the heavens). 7. Th* 
shepherds wonder at the snow in winter. 8. W« 
shall save (our) native land from war. 9. Ther$ 
are few rivers in Greece. 10. O Persian 
you have the bon^s of the messenger ir 
tfce basket. 

* , , .Continued 

i appeararin P^rt" the Self-Educator 
Ctme VII* 












